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(57) Abstract: According to an aspect, provided is
an organic light-emitting element, comprising: a
first electrode; a second electrode facing the first
electrode; and a light-emitting layer interposed
between the first electrode and the second electrode
and containing a host and a dopant, wherein the host
is a combination (exciplex host) of a hole transport-
able host and an electron transportable host, which
are combined to form an exciplex, or a delayed-
fluorescent organic compound, and wherein the
dopant includes both a phosphorescent dopant and a
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o] 2] F (Ir), M (P), L2274 (0s), = (Au), EI BH(Ti),
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(H), 723
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BCzVB(1,4-bis[2-(3-N-ethylcarbazoryl)vinyl]benzene),

BCzVBi(4,4'-bis(9-ethyl-3-carbazovinylene)-1,1'-biphenyl),
BDAVBIi(4,4'-bis[4-diphenylamino]styryl)biphenyl),

DPAVB(4-(di-p-tolylamino)-4'-[(di-p-tolylamino)styryl]stilbene),

DPAVBI(4,4'-bis[4-(di-p-tolylamino)styryl]bipnehyl),

DSA-Ph(1-4-di-[4-(N,N-diphenyl)amino]styryl-benzene), Coumarin 6, C545T,

DMOQA(N,N'-dimethyl-quinacridone), DBQA(5,12-Dibutylquinacridone),

TTPA(9,10-bis[N,N-di-(p-tolyl)-amino]anthracene),

TPA(9,10-bis[phenyl(m-tolyl)-amino]anthracene), BA-TTB(N',N0 N!0 N1
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-tetra-tolyl-9,9'-bianthracene-10,10'-diamine), BA-TAB(N!0,N10 N1 N1
-tetraphenyl-9,9'-bianthracene-10,10'-diamine), BA-NPB(N!*,N!*-diphenyl-N!°, N1
-dinaphthalenyl-9,9'-bianthracene-10,10'-diamine), DEQ(N,N'-diethylquinacridone),
DCM(4-(dicyanomethylene)-2-methyl-6-[p-(dimethylamino)styryl]-4H-pyran),
DCM2(4-(dicyanomethylene)-2-methyl-6-julolidyl-9-enyl-4H-pyran),
DCIJT(4-(dicyanomethylene)-2-methyl-6-(1,1,7,7-tetramethyljulolidyl-9-enyl)-4H-pyra
n), DCJTB
(4-(Dicyanomethylene)-2-tert-butyl-6-(1,1,7,7,-tetramethyljulolidyl-9-enyl)-4H-pyran)
, DCJTI, DCIMTB, DPP(6,13-diphenylpentacene),
DCDDC(3-(dicyanomethylene)-5,5-dimethyl-1-[(4-dimethylamino)styryl]cyclohexene
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(PPA)(PSA)Pe-1(3-(N-phenyl-N-p-tolylamino)-9-(N-p-styrylphenyl-N-p-tolylamino)p
erylene), BSN(1,10-dicyano-substituted bis-styrylnaphthalene derivative),
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2~ E ¢ 33 E 7F53H(normalize)3F 3 S W] 3] =1.2] WHX] Z(FWHM) 2] 1/3
o]N—o] %@Q: 74& g]u]a- 2= olq_ ttg} o]jL} Ejﬂ Eg] Eﬂ—\:ﬂ-jﬂ- /\ﬁlanjr/}
Q3 vAEY] So avEYe] AN, 2T 45oF 2 4 ALk B4,
18P T A~EQ v Adl e 1 o3 - E o] Hal} /\ﬁlEEJﬁ]g]
RS ERE R

R LR L B SRt T RS P e
13554 B2EG AATEA T2E0) 23 5 Ak olul B BFEA
3 2 E 2] LUMO(ower unoccupied molecular orbital)7} A A}5-4 &~ E 2]
LUMO HrE02eV ol AETEL B MEY o] epvbE &8 5 23,
AFTE4 T2 E 2] HOMO(highest occupled molecular orbltal) j }ZF—/‘&/‘J

o4

N

O{N

N

IE} AFear] T E D X%X} i” E/\E/] LUMO % HOMOﬂ cxd
welE B GomA AB A EAEG AATE Ao o B s
& A5} 7} A o] ol AT}

g EHE] A3 o 7| e 7F 71 A 43 El(ground state) 2 H o] SHH A & 33
At & A

o

%%%ZF 3] ]1 ]odsg E/\E o]J/}EJﬂE msﬂq-c\ng
AR glol ofate] g EmHES A3 AV H o A vl Eo] ol A &3
ko] g8 Fobd 4+ 3

W3Z(16)N A dAZH A8 A= AT T3 TLEZ = A& 59
FHtE A e WS olnl 3 E S AN S ‘E} AETEN TETE

of| & 50, TCTA(Tris(4-carbazoyl-9-ylphenyl)amine),
mCP(1,3-bis(9-carbazolyl)benzene), CBP(4,4'-Bis(N-carbazolyl)-1,1'-biphenyl),
mCBP(3,3-bis(carbazol-9-yl)bipheny), NPB(N,N'-di(1-naphthyl)-N,N'-diphenyl-(1,1'-
biphenyl)-4,4'-diamine),
m-MTDATA(4,4',4"-tris[phenyl(m-tolyl)amino]triphenylamine),
TPD(N,N'"-bis(3-methylphenyl)-N,N'-diphenylbenzidine) ‘52 ¥ g 4= 9l o1},
ololl -4 ¥ A &=tk
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mCP CBP mCBP

m-MTDATA TCTA
WYZ16)N A AAEN 2B GYshz AFEY BAEE AF B,

n-A A Aol F el Zobd BHHE, EaW SALolE 1§ T R, A
SALO|E C1F SR i Edold HEAZ E3T 5 Aok AAEA

TAREE B E9,
B2PYMPM(bis-4,6-(3,5-di-2-pyridylphenyl)-2-methylpyrimi-dine),
B3PYMPM(bis-4,6-(3,5-di-3-pyridylphenyl)-2-methylpyrimi-dine),
B4PYMPM(bis-4,6-(3,5-di-4-pyridylphenyl)-2-methylpyrimi-dine),
TPBi(2,2',2"-(1,3,5-benzenetriyl)tris-[ 1 -phenyl-1H-benzimidazole]),
3TPYMB(Tris(2,4,6-triMethyl-3-(pyridin-3-yl)phenyl)borane),
BmPyPB(1,3-bis[3,5-di (pyridin-3-yl) phenyl]benzene),
BmPyPhB(1,3-bis[3,5-di(pyridin-3-yl)phenyl]benzene),

BP4mPy(3,3',5,5'-tetra[ (M-pyridyl)-phen-3-yl]biphenyl),
TmPyPB(3,3'-[5'-[3-(3-Pyridinyl)phenyl][1,1":3',1"-terphenyl]-3,3"-diyl]bispyridine),
BSFM(3}17] 81514 32), PO-T2T(SH7] 8514 32,
PO15(dibenzo[b,d]thiophene-2,8-diylbis(diphenylphosphine oxide)) 52 ¥~ 3t 4=

AAIRE, ool gHA4 B A] =1,



WO 2016/133252 PCT/KR2015/007768

[54]

[55]

[56]

[57]

B2PYMPM B4PYMPM
ANFe) 2 B2ES PY o AFFEY T2 o) AAFEY E2E

T .

%4 = 20:80 W A] 80:20 A F I B THEAE T AE of AArEA
SREY FEHIZF AV HAY A ANEFEd A AEVF R AR AAE
2= o)
T A

Oﬂ}\] e Eﬂ/\e Eﬂ/K-] ],L‘ ZJ z _r._é__/K-] E/\Eﬂ. ;ﬂ]}_r_é__/b] E/\E‘/] Zﬁ]—o

o & 59}, TCTA:B4PYMPM, TCTA:B3PYMPM, TCTA:TPBi, TCTA:3TPYMB,
TCTA'BmPyPB TCTA:BSFM, CBP:B3PYMPM, mCP:B3PYMPM H-+=
NPB:BSFM ¢! &= gl o1}, ofel] g4 ¥ %] ¢ki=t}.

vk (16)0 A A 18 F §-7] 8 &2 H AF-o] ZL3F (electron donating group:
D)-1 2 715(C)- A A} -8 15 (electron accepting group: A)2] & Hl(D-A-C & H)),
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2= G5 5o o] g F(r), WF(P), L2F(0s), W53 (Au), Bl EH(T),

A 257 (Zr), SFLF (H), F 25 (Eu), H| 25 (Tb) = EH(Tm)2 FA A =
ATt 7] 134 B=H Es= ol & 50 In(ppy)s, Ir(ppy)a(acac), Ir(mppy)s, Ir(mpp),
acac, FyIrpic, (Foppy).Ir(tmd), Ir(ppy).tmd, Ir(pmi),, Ir(pmb),, FCNIr, FCNIrpic, FIr6,
FIrN4, Flrpic, PtOEP, Ir(chpy);,P0-01(C;H,:IrN,O,S,), Ir(ppz); 2o = Ir(dfppz); &=
EFE = o, ofdl B HA F=T

7] 83 EHE = o & 9] Perylene, TBPe(2,5,8,1 1-tetra-tert-butylperylene),
BCzVB(1,4-bis[2-(3-N-ethylcarbazoryl)vinyl]benzene),
BCzVBi(4,4'-bis(9-ethyl-3-carbazovinylene)-1,1'-biphenyl),
BDAVBIi(4,4'-bis[4-diphenylamino]styryl)biphenyl),
DPAVB(4-(di-p-tolylamino)-4'-[(di-p-tolylamino)styryl]stilbene),
DPAVBI(4,4'-bis[4-(di-p-tolylamino)styryl]bipnehyl),
DSA-Ph(1-4-di-[4-(N,N-diphenyl)amino]styryl-benzene), Coumarin 6, C545T,
DMOQA(N,N'-dimethyl-quinacridone), DBQA(5,12-Dibutylquinacridone),
TTPA(9,10-bis[N,N-di-(p-tolyl)-amino]anthracene),
TPA(9,10-bis[phenyl(m-tolyl)-amino]anthracene), BA-TTB(N',N0 N!0 N1
-tetra-tolyl-9,9'-bianthracene-10,10'-diamine), BA-TAB(N!0,N10 N1 N1
-tetraphenyl-9,9'-bianthracene-10,10'-diamine), BA-NPB(N'°,N!"-diphenyl-N!° N1
-dinaphthalenyl-9,9'-bianthracene-10,10'-diamine), DEQ(N,N'-diethylquinacridone),
DCM(4-(dicyanomethylene)-2-methyl-6-[p-(dimethylamino)styryl]-4H-pyran),
DCM2(4-(dicyanomethylene)-2-methyl-6-julolidyl-9-enyl-4H-pyran),
DCIJT(4-(dicyanomethylene)-2-methyl-6-(1,1,7,7-tetramethyljulolidyl-9-enyl)-4H-pyra
n),
DCJTB(4-(Dicyanomethylene)-2-tert-butyl-6-(1,1,7,7,-tetramethyljulolidyl-9-enyl)-4H
-pyran), DCJTI, DCIMTB, DPP(6,13-diphenylpentacene),
DCDDC(3-(dicyanomethylene)-5,5-dimethyl-1-[(4-dimethylamino)styryl]cyclohexene
),
AAAP(6-methyl-3-[3-(1,1,6,6-tetramethyl-10-0x0-2,3,5,6-tetrahydro-1H,4H,10H-11-0
xa-3a-azabenzo[de]-anthracen-9-yl)acryloyl]pyran-2,4-dione),
(PPA)(PSA)Pe-1(3-(N-phenyl-N-p-tolylamino)-9-(N-p-styrylphenyl-N-p-tolylamino)p
erylene), BSN(1,10-dicyano-substituted bis-styrylnaphthalene derivative)
DBP(tetraphenyldibenzoperiflanthene),
TBRDb(2,8-di-tert-butyl-5,11-bis(4-tert-butylphenyl)-6,12-diphenyltetracene) %=+=
5 dl(Rubrene)& = 5= 3121, o]of] g H A] O}:E}

T A 2H10)2] WFF(16)l A AR F T2E U JAFEHE O
&4 S E o] FFH| 5= 99.8:0.1:0.1 W %] 70:15:159] 91 ZF At A A F
i/\E I EHE ) YT E ZFekn| 7 A7 HY & 73 A ¢

el o oy A dofel gl dojd = 9l
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[67]

[68]

[69]

[70]

[71]

[72]

[73]

52 gE A oo g fEEd k209 T2 fE Ao R g
g s oj

F7 XK 20)= AL A=, 471 Al Ad=eha g A2 A=29) R
7T AL AT DI 7] A2 A =29) Abolell AR 7715255 EFH e
71525~ Td5(26), 71 3T 2607 371 AL A=2D Abeloll A=
BETFEFT23), 371 BT FET2)H T 7] AL A=@21) Atolell A€
BETUF22), 371 LFF26)7 371 A2 H=5(28) Abel ol A€
AAE5(27), 371 AT SN 71 A2 A =(28) Abolell Al
WAFYTHE 23T AVIM, A3 Y022 R AATAST28) T
Aol shbi= i 5= ek B BFF 200 T TET(23) ko] i
$3E26)H AAFES 2T ALl AT EADS B 28 5 T

F/IEF 22 20)= V1 EADE B 2T 4 Ak VR A S B =
TRAAQ Fr7ldF Al AR E = RS AFE R 5 e, VA A Pk, A
St A, 1 3B, FHE S ol R o] SR el VIR s
T EoaY V|9 B S 7| EE AR R ST

AL AFCHE 518 A= B dhAb Ao w2 g 4= glom, ud g el
Aol i AToR A 5 vk 718 Ao 2 YA 0= 170, 1Z0,

AL, WHAL W = o =2 A3 wol] 3= Ag, Mg, AL Pt, Pd, Au, Ni, Nd, Ir, Cr 3=

ol &9 et T oE RS FA T ¥, 11 9l ITO, 120, ZnO 1= 14

o e AT eEA AT 5 ok Al Ad=0DE A E g W,

dE 59, A, 29 E Y e 2 A"Y 58 o] 88te] F4E 9l
BETFUFTQYE AL AFQL) el ATF2, ~u g, =B E=

LBY 53 & e & ol gste] I4€ = vk e 452l

AR BAEE 4AT AT A ARE AT 5 Az, ¢l E =4,

T ZER Aol gt g2 e g Ajold 3}3HE, m-MTDATA, TDATA,

TAPC(4,4'-Cyclohexylidenebis[N,N-bis(4-methylphenyl)benzenamine]),
2-TNATA(4.4',4"-Tris[2-naphthyl(phenyl)amino]triphenylamine), PANI/DBSA
(Egohd H/= bl A Ml Al & E 4,

PEDOT/PSS(E ¢l (3,4-°ll & fllv] S A1 ] &3/ 2] (4- 2 B dll . H o] B,
PANI/CSA (&g obd /783 <5 4)) o= PANI/PSS
(EFelohd/E2Y@-2HAE I 0| B)) & AT = e, ofol] g H A

%=
BETET2IT LFToA BT TLEEASY 5 vk i
8844 5(23)> TPD, NPB, a-NPD, TCTA 53 -2 248 45554
SRESAREE AR AT ST S AN, ~W A",
M2EW = LBY 3 22 e S o] 83 & 9l
2}
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[74]

[75]

[76]

[77]

[78]
[79]

TS ZEH 5, 93OS AN ZAE G EAE L P EAES
T ) AAFY BREE AR AT AN EHLE FY ek
AE55 SAE) AAsa ToEe] 2ol /L) vhale] X olg
F718 = d 5 Aok F71EF A 2020)9] EEF(26)0] #Ete]

7]k a2 10)9] BB (16)9] A Az doh w06 NTEH
2T FEH F2EW E= B 53} -2 t}oks W S A1 835)e] A E 4
21k

op
o

AAFETQDNE BFT20) AAFEH TLES AL
AR5 (27)2 o & 59 Alg,, BCP(Bathocuproine),
Bphen(4,7-diphenyl-1,10-phenanthroline),
TAZ(3-(Biphenyl-4-yl)-5-(4-tert-butylphenyl)-4-phenyl-4H-1,2,4-triazole),
NTAZ(4-(naphthalen-1-yl1)-3,5-diphenyl-4H-1,2,4-triazole),
tBu-PBD(2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole),
Balq(Bis(2-methyl-8-quinolinolato-N1,08)-(1,1'-Biphenyl-4-olato)aluminum), Bebq,
(Bis(10-hydroxybenzo[h]quinolinato)beryllium), ADN
(9,10-Di(naphth-2-yl)anthracene) 53} #-& 2 A 3k %
T AUtk AAFESTeN S AET A, 29 A
o 22 U s o] 82 o 3l

A A=) F(28)2 LiF, NaCl, CsF, Li,0, BaO 53 -2 &2 & o] 8-3}o] Al st
T Atk AAFJAS8) A4S AT HY, S A" Y
o 22 U s o] 82 o 3l

A2 A=29)E e F, e, 2F, FHlw, Ala oo €8 =4, WEH,
MY, 2y, SEER, v oo € e B, dF e, 230, vhvg,
ofel, o B, i, Al F, AbHE, #EF, HEA, oJHER 5 =
27 o) el g, = ol ' T 10 o] =, 2, WS, ot SR Bl R T E,
Y7L B 2w, 54 T 1) o] dte] i, R o' F Aol 2F e £ 6hs
TEARE AT g Adnk A g foEg AR S A2 A
170, ZnO 1= e ¥ 2 5 st 2 942 5 vk A2 A=09)<=
TAE HFE N, oS B, A, AHEEY B 29 ayy 5
o]-&sto] A€ 4 AUt

o sfoll A m] A gHA Q1 A elel] B Ao & F5le]
71 Aol thabo] B A A o m ATy
Fzol] B A ol 2 3 B 4] o=t

23] o

% 3% TCTA ¥+, B4APYMPM HH2F, TCTA:B4PYMPM H}Hto]

343 (photoluminescence) >3] E & o| T}, TCTA:B4APYMPM &4 TCTA 9}
B4PYMPMZ 1:1 H|&(=H)E £33 vhato| o), TCTA 4 2 BAPYMPM
ahubo] Pubsg Ao EQ L 295K 9] 2ol A A4 59 a1, TCTA:B4PYMPM

ra

2
ol ¥
% o

o

=

o o
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[80]

[81]

[82]

[83]

ghuko] gl ~H E el 2 295K % 30K FIHA 2EoA
Nd:YAG 4] ©] A (continuum) 2] 355nm Ip-2] Wl © 7 dhuk-g o] 7] A] 7|

iCCD(intensified charge-coupled device) @ 3}-g-ol] wp & Pulgh-g w25} Pulg
~AEQS S50 & 3% 25, TCTA:BAPYMPM uhute] k2

=}
2 Eg]o] TCTA ¥t} B4APYMPM et Rt} A} & ol Al YERE T, o] =
TCTA:B4PYMPM Hte}oll 4] TCTA 2} BAPYMPM o] A & A slo] dA| Ze A~ 5
gAdshi= A& YERT

% 4% mCP:PO-T2T A Z 8~ T~ E | Ir(ppy), & DCITBE =3 &t
e (mCP:PO-T2T):Ir(ppy)s:DCITB) 2 mCP:PO-T2T A Z & A~ T A~ E o
4CzIPN¥ DCITB((mCP:PO-T2T):4CzIPN:DCJTB) & %33 ¢+ 14} 2CzPN
A8 37 77133 Eo In(ppy)s & DCITBE %= & HHH2CZPN:Ir(ppy);:DCITB),
2 2CzPN A A& 3 5713} §H&-of] 4CzIPN#F DCITB(2CzPN:4CzIPN:DCJTB) =
=378k dhulo] Al ko)) whE w3 21 3E o)t} (mCP:PO-T2T):Ir(ppy)s:DCITB,
(mCP:PO-T2T):4CzIPN:DCJTB, 2CzPN:Ir(ppy)s:DCITB, 2CzPN:4CzIPN:DCJTB
bk 7171 91 5:8:0.5, 94.5:5:0.5, 91.5:8:0.5, 94.5:5:0.52] Sakn]) &2 &35 1
mCP2} PO-T2T+= 1:1 B & (&) E £33tk Nd:YAG | ©] A (continuum) ]
355nm I}2] Wl o & vhukg o] 7] A] 7] AL iCCD(intensified charge-coupled
device) @ 0= F-E] 1n}o] A& Z FQF A7kl upE k-8 Bhx]51o] 2] AA ko
u:}E 3g3-vl-51 H] &S -:479 O}Oﬂu} 4= ilzg}ud, mCP:PO-T2T & /\]%Eﬂ_/:
TEs AAYF F7153HE 2CPNel| 2133 A EQ] In(ppy), & =8 5H31S

75 A8 H 2 A Q) 4CZIPNE = 5198 w ¢} v]sle] DCITB &4 “HE
AT AV A A FF v Eo] vl & A8 Uetwt o= A A ¥
SRENRIF EFES EH3IUS A T EHES dFF V| =
Aoy = Fol T+ 4 S eI

DCJTB l:ﬂ-\ﬂ—/] JJ-HLEVJ- "l E

o —T1— 1

I 5% TCTA:B4PYMPM HH2} Ir(ppy)s 2Het 2
2 DCITB &, Ir(ppy); &N 9] &5 ~H E5]S Yepbdl 13z o)t}

DCITBS} Ir(ppy): 8] &+ SFE 2 89 oA FFF% ](Cary 5000
UV-VIS-NIR spectrometer) & ©] 838} = éﬂ o} S| 22T E
AR AL, &4 o] S 10°M o] At = 55 A8, DCITBY &

223 E & o] TCTA:B4PYMPM 2 Ir(ppy); 2] %H A E- T FHEE ‘ﬂ %l o]
v §- At} o] A& TCTA:BAPYMPM 3~ E I Ir(ppy); %13 “HEZHH
DCITB & =HER ] o] o7} 84 Y o &< vebdth

¥ 12 TCTA, BAPYMPM, TCTA:B4PYMPM 2] Al =&~ r(ppy); ¥ DCITB

o s e AT dyA 945 ek Folth

?2

mtm
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[84] [E1]
TCTA B4PYMPM  |TCTA:B4PYMPM [Ir(ppy)s DCITB
MNA] Z & 2
2.8 2.75 245eV(4=8 2 24 1.75
eV(AEatoll |eVEEEdel [AEad A |eVEEael  ev(Y F 31
L A L A L A 1 #]

[85]

[86]
[87]
[88]

[89]
[90]
[91]

[92]
[93]

F 18 F25HH, TCTA:BAPYMPM A &4 2~ 9] 53 o] %
e oA T97E A9 7] wlitel] S @b abst w2
Ir(ppy)s°ll &l3to] 7] AN 20 AGFREw 7L 520 % F7F
ok, A EEH HM*J“EE%%DCJTB T Ed e T3 ol A7
Tl AAIZ 20 AT oV E(S1e) e el A 7F DCITBS] A5
o717 El(S1pnE 2 A old 4= vk & In(ppy)s 2 A& o 718 El(T
DCITBE] dF @ (Slp & e AV E(TIn B oA A 7F 3271 Wil

-

DCITB] A5 & o] I(ppy)s & 70 ¥ 4] ka1, 3§35 4333 5= o,
[EA]<ll]
A7 5, 3] 5 (luminance), 717|232~ 3 E ZQ(EL spectra)< L2713 75 ¢

=2~ 1] B (Keithley 2400) & 23] Efﬁiiﬂl E{(SpectraScan PR650)E Al-8-3} ¢
A48t ELS] 2 -3 (angular distribution) S X 2718 7158k A

1] E] (Keithley 2400) 2 A1 - 33 2~ E 2 1] E](Ocean Optics $2000)3 Al-&3} <]
ST FrIEFaA e YA a s E dEasS drd s o dgt o
3% EA EL ~¥E"] 9 EL 9] ZF B 2 RE AAE T

Al X 01 1

F=F o 2 1,000A T2 ITO7F el G o Q= fre] 7188 A
A7 ITO e 7|32 oAz 2 G237 oM E 0= 1| M43l aL,
UV-2.Eol 1048 &t =& A1t A7) 1TO £-2 7]\” Aol TAPC &
Z23t0] 650A T2 AEFUSS AT A7 AEFdET A
TCTA & $#39] 100A FA 2 4545 FASA A7 AT4-5F

-l TCTA:BAPYMPM < 1:19] =4 & 74| 5HA A1, (TCTA:B4PYMPM):Ir(ppy)
+DCITB & 97.5:2:0.5 2] S &1 & F523a1o] 300A 572 w352
A A7) W32 AL BAPYMPME Z 2o 550A 57 9]
AA45S FGABAT A7] DRSS 2 LiFE 5281 7A 57 9
AR S-S FA 3 U2, AlS T3] 1,000A T2 & A=E
A3}, oW 7t FE-2 5x107 Torre] A3 F-A]stAA & 325 3],

f
oo
p‘L
32
o

OH

A}

/\1/\012
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[94]

[95]
[96]
[97]

[98]
[99]
[100]

[101]

[102]

[103]

W3]l A (TCTA:B4PYMPM):Ir(ppy)»:DCITB £ 97.5:2:0.5 & ZaF1] th Al
95.5:4:0.5 &] T & FZ e A& A Qstar, AAld 19 TLd S
AL&3to] AAl o 29] f-7 GRS A 25T

2 Al o] 3

930 A (TCTA:B4PYMPM):Ir(ppy)::DCITB & 97.5:2:0.5 ©] & H
91.5:8:0.5 o TH| =& FF2 ek A& Al elstar, AAlo 13 FL ey S
AREE A 39 F7 A E AlZS .

)
el

H] 1o 1

w3k Z o]l A (TCTA:B4PYMPM):Ir(ppy)»:DCITB £ 97.5:2:0.5 ¢] 0] &
%2k 313= ) Al (TCTA:B4PYMPM):DCJTB £ 99.5:0.5 2 %am]i 552 g
A& A Lstar, AAl o 13 5 g S AEsto] vl ale] 19] {7 HEFAAE
Az 33 T

ATl 1 WA Aol 35 vate] 10] A FA G F1E gt T2 E 37 200

T

A Ale] 1 |ITO (100 nm) / TAPC (65 nm) / TCTA (10 nm) / TCTA:B4PYMPM:2
wt% Ir(ppy);:0.5 wt% DCJTB (30 nm) / B4APYMPM (55 nm) / LiF (0.7
nm) / Al (100 nm)

A Ale] 2 |ITO (100 nm) / TAPC (65 nm) / TCTA (10 nm) / TCTA:B4PYMPM:4
wt% Ir(ppy);:0.5 wt% DCJTB (30 nm) / B4APYMPM (55 nm) / LiF (0.7
nm) / Al (100 nm)

A Ale] 3 |ITO (100 nm) / TAPC (65 nm) / TCTA (10 nm) / TCTA:B4PYMPM:8
wt% Ir(ppy);:0.5 wt% DCJTB (30 nm) / B4APYMPM (55 nm) / LiF (0.7
nm) / Al (100 nm)

H]1le] 1 |{ITO (100 nm) / TAPC (65 nm) / TCTA (10 nm) / TCTA:B4PYMPM:0.5
wt% DCJTB (30 nm) / B4APYMPM (55 nm) / LiF (0.7 nm) / Al (100 nm)

% 6a WA &= 6dv= A7 Al 1WA A Aol 3 3 8ol 19] #7] 834212
A2 s o ¢ 2 3] = (luminance) o] A ¢ T Z 50|t} & 6a WA &=
6dE Fxstd, Ao 1 A AAd 39 {7 A= Aol e AdRE s
R w7t A Hlsedhar, WA AP oF 2.4V A MR FASE Sl 0 R
vers el 9, B ale]] 18] f-r g o] g A 2 RS oF 2.7V 24
AN &S] FrdF LA R F3ka0L, J e AN 5 f7dF A B

e 70w e
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[104] 5722 5 7d= AAT A 1 U H] Ao 3E vl ale] 19] /7] ekg AR}
YR FE L AH GRS LA 1y Zolt) & 7a A & 7dE FEEHA,
A 3] {7 kg Aaxpe] o R FA o] FHAL24.5%2A THE =2 kg
B8-S Bk =3 10,000 cd/mzoﬂf\ﬂ 2 A e 1 WA DAl 39
T A xpe] AR ol BF HA 17%E Wil -2 (roll-off) 7} A &
At} whebA] AAl4 1 LHZ] 39 V|G aRE B CHEE AL SHAA S
F-0 27 glowdAM dA S| w2 o YA a &S YER AL 9l §HAE, vl
18] §7183F 2= 9.9%2] 9 YA G &S e o] 2] E-dAa s 2
A g Fo] AAd & Frd-3 xR Ads] e Ao &2 eyt
[105] [3%£3]
sk Q- gA g & HEas
A ZH(turn- |@ 1000 |H TH @ 1000 |H o] @ 1000
on) cd/m? cd/m? cd/m?
AN 1 24V 3.8V 21.6% 20.2% 56.8 Im/W |35.9 Im/W
AN 2 24V 3.8V 23.5% 21.4% 68.5 Im/W |39.6 Im/W
A3 24V 3.9V 24.5% 22.8% 69.2 Im/W |41.0 Im/W
Hle 1 24V 43V 9.9% 7.3% 24.9Im/W |12.5 Im/W
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