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=4 WS Q% AM BPFS solvels TR AFde] AMPYL Folu NEE L F5HL TAD
% Qan tebh, anldEe 9 % At

2y AE ¢ TAFY BE

oleh, £ 1 Ul 11& Fxste] W wwel whgr e daldol st Wyl d.

T 1S #FFEd, B oo Al AAde] wE fragrie]or TAARE A, = 9 A gl We ¥}
3 Az slolE OLEDE .3t

o] Bto|E OLEDE AMA=AF(CADT oi=SdZ(ANO) = Atolol] A1 L A2 ~do] H38 722 2=
A1 AE(SISDS Hatos A quZbl R WFF A2 AENDST)S AL S (ISTST) el # 5w o]
ggow wAl spgo] g whgslal QlFow HA upgo] Ul ubpdit),

A1 2 A2 ~YE(ISTST, 2NDST) Alelo: (GL(Charge Generation Layer)o] HAI€t}. (GLE& w& F3shzA |
A7A &4 EAS zte BEEEA (LR 48 7153 42 3457, AER, A71EF e 989 45

o] &defA St

A1 22BN (1STST)2 715 (SUBS) Aol A5FH ol:=x=(AN0), Al B¥F FUY=(Hole injection layer, HIL1),
A1 A¥44$Z5(Hole transport layer, HIL1), A 233=(Blue Emission Layer, BEML), #|1 AAF%%5
(Electron transport layer, ETL1)S 3shsity, A 335 (BEML)-S % T <13 A #4333 (Blue
Emission Layer, BEML)e] #H& 7lsairh. o]k Al 2=ASISDolE w30z FA4 w32 (Blue
Emission Layer, BEML)®HS 32hsto] HA@vhg wgslr] wjite] 1 Aol 7bsshH Ao AdALE =
d 4 9l FA EFZ=(Blue Emission Layer, BEML)S 39 &3 HA 3357 = ol A W)E3
2 gA=E F gy, A o=, A @F=BEML)S & 29} o] AND 9,10-di(2-naphthyl)anthracene ¥+,
DPVBi 4,4'-bis(2,2-diphenylethen-1-yl)-diphenyl ¢ Z~E EZo| 1,6-Bis(diphenylamine)pyrene, TBPe
tetrakis(t-butyl)perylene %9 &5 =HEV} #Vlg @387 A8 7Mesid. A 935 (BEML) 2 9]
of ¢tHHA g3l (BP & mCPE EFete T2E 2388 23y, f2EHoEADSA) 59 ¥4 EHEE
walst 4= i)

l

o T
AR A3 AdelA WA= vheh o] Al 2EISISDol A 85= FA 233 (BRML) =e 1 P4
Sho @ M 2HTer A48T W 58, AvdE 9 ARMAES o 1Y & v

A2 2~"F(2NDST)2 CGL “goll =% A2 AF FUSMIL2), A2 AF+E$5HIL2), I3 =4 3335 (Green
Emission Layer, GEML), EBL(Excition Blocking Layer), <13 A A w333 (Red Emission Layer, REML), A|2

HAA=4%(Electron transport layer, ETL2), 2 HAx}FU=(Electron injection layer, EIL)S X3}3it},

EBL2 St Z o9 F7|E, 3 T o fU718 e I A% FERE AT G =4 @33 (Green
Emission Layer, GEML)Z} <13 A1 wbs#=(Red Emission Layer, REML) Alolo| A ©dd ol7] Are) oyl A+
= A7) dURE 2A-%t. o] EBLL FA]9] ojudt EBL a2 % A8 7}e3sic).

A2 =g NDST) o= QlFo 7 wgsl= 213y A = (Red Emission Layer ,REML) ¥} &3 o= wt3sl=
IJ—?/‘“ W= (Green Emission Layer, GEML)o] Z &% 3dlo]lB g = (hybrid) TFZ& o]€3to] 100% ¢ Wi ©
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2L ot
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g %A THSCOLES 34 FY %4 ¥

) I3 Ase ojug AL ol&d 4 3 1 2N, & 37
Zo] ADN 9,10-di(2-naphthyl)anthracene %9 Z2AE EZol| (b45T (10-(2-benzothiazolyl)-1,1,7,7-
tetramethyl-2,3,6,7-tetrahydro-1H,5H, 11H-[1]benzo—pyranol[6,7,8-ij] quinolizin-1l-one %2 &4 =4 %=
HEZ 37t &40 A8d + Advk. 3 54 SFF(GEML) > ool 8 5=] 31, (BP Ev mCPE 233}

BXE 4% 2T 5 v

s

Qg AA g (REML)2 3A19] % H4 433 Auxe oud 3% o8d 4 A3 2 A=K, = 49}
Zo] (BP 4,4 -N,N ° -dicarbazolebiphenyl ¢ Z2~E EZo| (Btp2lr(acac)) bis(2-(20-benzol4,5-
althienyl)pyridinato-N,C30 )iridium(acetylactonate), Btp2Ir(acac) iridium(I1I)bis(1-

phenylisoquinolyl)-N,C2') acetylacetonate ¢ ¢33 HA THEY Hre EZo] ALd 4 vk, AP
Z A b= (REML)S CBP(carbazole biphenyl) X+ mCP(1,3-bis(carbazol-9-yl)& %3l T AE E4& I
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sksh | PIQIr(acac)(bis(1-phenylisoquinoline)acetylacetonate iridium), PQIr(acac)(bis(1-
phenylquinoline)acetylacetonate iridium), PQIr(tris(1-phenylquinoline)iridium),
PtOEP(octaethylporphyrin platinum) SolA A®®E ojx s} o]Ate] <14 A CHEE %33 4= 9},

T 194, AFFYSHILL, HIL2)S AHFY TS dEshAl s, CuPclcupper phthalocyanine),
PEDOT(poly(S 4)-ethylenedioxythiophene), PANI(polyaniline), NPD(N,N-dinaphthyl-N,N'-diphenyl
benzidine) FolA A€ ¥ o= sl oo BHS xS & oy, ol FAHA Fev. HIFET
(HTL1, HTLZ)O A-Eo] 45 454 3, NPD(N,N-dinaphthyl-N,N'-diphenyl benzidine), TPD(N,N'-bis—
(3-methylphenyl)-N,N'-bis—(phenyl)-benzidine), s-TAD, MIDATA(4,4',4"-Tris(N-3-methylphenyl-N-phenyl-
amino)-triphenylamine) oA A®H= o= st o] =4S T 5 o, oo IAFHA =t
A543 (ETLL, ETL2)S AR =4S Q4837 b1, Alq3(tris(8-hydroxyquinolino)aluminum), PBD, TAZ,
spiro—PBD, BAlq, SAlq oA Aed Aded o= s o] e &4 TS & o, ol FAHHA &=
. AAFUEF(EIL2) S AAte] FU2 434 31, Alq3(tris(8-hydroxyquinolino)aluminum), PBD, TAZ,
spiro-PBD, BAlq, SAlq TolA A8 ¥= o= st o] o] BdS e 5= glo, ofd FAHA =t

E gl o] AAdo] wE OLEDE 3 (fluorescence)® 21#(phosphorescence)s E3 w335 o] g3t} o1

fr712ke] AEd o17] deli(triplet excited state) 2HEH O WEE ongirt. oo Hgte, FFLS /7]
Bzt wdd 7] AE(singlet excited state)ZFEHO WES  uldic}. upebA | OLEDe] w34
(luminescence)> 3334 WES YehAY 134 BES vepdtt.
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S (Exitons)o] g Fofst 4= 9l ol F71EAY T W

I Qg wFdele] 7|zt & 13 @2 O0LEDY] oA AE wAUSTE = 55 ZAN-ste] AH

A2 28ENDS) M= T2E EZZREH ddd q7x2588 AAHE e 25% Lo AAEE(Xs:0.25)0]
oa WA WA WAZGEML)C B WAV, Tm AP AN BHIZROLS FH 54 BRI (GENL) S
Afete] duEs sAE BARYE AEFE o742y AAE g 7580 QAEE(X0.75)

@ e,

A1 2~ (1STSD el A, A w4 (Blue Emission Layer, BEML)S &% W&z we= o133 w33 A7 A
71 A T

d 4 o9lY. WA wFEERLY ¥ B4 wPFow AHw 9 o
NESES ola) Wae of7] BT @A SAET. QA BEF G A% B4 BYFon 48
W WA RSB ot 25% ARl AESSe od vae o] gewyE duy s, ot
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WW}Eﬂﬂi%@M]@%QlE&NﬂEM%i@EimmwmmﬁlﬂiEﬁgmmPﬂ@%Jﬂz~E6ﬂﬁ
EE‘i%ﬂ—i "GI"E TFTE ACJERZ(G) I o] 944% AolEgtdS %33 AoE FEHIels}, TFTe 4~ o
Y JAAF(S, D) dolgeEels Eohe Ax/=wel F459E9s ddsy] Hd AolE Adgelt.  "PAS"+
TFTE Eiékﬂ gk Ao AF o ZH o iﬂf\luﬂowioﬂL 32 F(PIX)S TFTY) = AdAZ(D)ol HEA
7171 918k ZeZo] FgHETh, "BNK'&E HA HA | s o oA wsgale EE] 9% RE T},
gold FAelty. FholE
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rlo

OLED(WOLED)+= % 13 22 23 AT Fx2& 7IAW, o] so]E OLED(WOLED) 9] g o3| W&y e H
H A H o] Z(PAS), AlJEAAYH(GI) , of==d=(ANO) 2 F37]3(SUBS) & F33tct,

w71 3(SUBS) I 3}o]E OLED(WOLED) Aleloll= Ay FAES 9lsle] AA Agdy, =4 Ay g, 2 HA
A7 g4E 4

_|

% 7e ¥ oune] Az Adde] he ny ond Fxo §71uYriel e EALAE e,

T 78 ZzE, S5 7] B(SUBSD) o= TFT oj@lo]7F a4 ", AX 7]3(SUBS2) o= = 13 7o tx9] 3
©]|E OLED(WOLED)E 2E3Fgh a8 (OLED oj#ol7} A€, &% 713(SUBS2)dl&= Ay FdS fg A4, =
A9 A AYIEECR) o] ¥AE, 1 fd FEs oW IEZ(00)T HAAHe]AZ(PAS) o] FAdH ).
a3 AdE 71 F(SUBS2) el WANEBNK) T A=A " 2dolA(CSP) 7 A", AEA HE o)A
= TFTe) =gQds e Aéxd_:m slo]E OLED(OLED)«] NeEATF EE ANAEATY A7|Hoz HEAZ
). slo]E OLED(WOLED) &= = 13 2 2% A5 F2E 7FAH, o]#igt sleo]E OLED(WOLED) <] ®rgol <ofs)
S 92 Jﬂ/‘lﬂﬂol”"(PAS) Aol EA- 03_‘2}((}1) , == AF(ANO) 2 FH7)#(SUBS) S Fxgith,  glo]E
OLED(WOLED) = %= 13} #& 2% AZF x5 7FAw, o]2lg sto]E OLED(WOLED)®] ol oja] wEss W

A o] A5 (PAS), LW AEZ(0C), AHZE(CF) ¥ F87]8(SUBS)S F3ict.

B o] Aol utE frldgTel e AL = 6 B = 73 22 o] dAEE Ao OME}, =
13} 22 sto]E OLEDE ¥Fshs BE dnd 2, ® ovd 32, U dmd % 5 oudd 2= 4
& 7hs sttt

T 9 WA = 11 B gl slo]E OLEDSF 19} thE HEF F2E 2k 3lo]|E (OLEDE H|ulslo] I o] &
£, A, AHdES AT A% APAARE Hol FE =l

o] Agle]l A&y E el 3lolE (OLEDE = 83 o] FF HA wpFo] HyA

(e}
[e) —
(1STST) 3}, CGLS Alolo] Fa1 A1 AB(ISTST) ¥} E ¥z o1 HA wgZ3l &3 A
W= So] AR A2 2~8(NST)S FH|S. T Al "Fl
ugch,  WES ol mAE 7 wHSolA wEEE W MFu(x, y)old.
2 B dge] OLEDoA HA, = 9 A g&o o|EX & MFE 0.312(x) F 0.298(y)ollA 5
cd/ACHM E8) + 13.5 cd/A(ZMEE) + 8.5 cd/A(AAM
ozl o]2A 1, 2% Xunp(dAEC] AF =HES AH EF(trap) HE BE), 1- X p(AAES] HFZF9]
o] #] (edge)oll FAEE= HIE), E Xupa(AAE SoIA 35 7] e nvj&)S a1 o olgle] 484

12 AXFE %= 89 OLED &&o|t}.

814 1

rLext:(l_Xtrap) rLFl+[(1_X,trap) X.triplet+X,trap] I ph

AZIA, "ne", "np", "np"s Y U2 F S (External Quantum Efficiency, EQE)EH LE-ZRE <lvidE A

AH(electron)”} B(photon) o2 WS E a&o|th. "np'"t FFoA EQE, "np'"E AFollAL] EQE o]t}
WA, "' ALY ALt gl A EEFE OLED &A} HA9] EQE gheltt.

(1) O]%j] l(Xtrap:O-lgy Xtriplet:0-75)

A2 2~&(2NDST) 2] && = (1-0.18)x27cd/A + ((1-0.18)<0.75 + 0.18)X 17 cd/A = 35.7 cd/A.
waba | AMFE(0.35, 0.34)0149 OLED &8 = 5 cd/AAIL 2" &8) + 35.7 cd/A = 40.7 cd/A.

(2) O]%j] l(Xtrap:O-Oy Xtriplet:0~75)

A2 2~=(2NDST) 9] & & = 27cd/A + 0.75X17 cd/A = 39.8 cd/A.

whebA, AMF3F(0.34, 0.362)014¢] OLED E&& = 5 cd/A + 39.8 cd/A = 44.8 cd/A.

T 98 zFsihd, Al 29 STST) ol 3 A wgFo] FAHL A2 2~ NDST) o ¢1F A wgZa o3
A dhgo] HAlE B odo] 3lo]|E (OLEDE 19F ¥ = 3o]E OLEDE(R IIB/G, GIB/R)o H|3Fe] 22
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&0 5 Cd/ARA T sobilal M2=7E § o)A o= HIdnk. 7|4, ¥ @rge] sho]E (OLEDSE Hlal 23]
= RIB/G 729 3to]E OLEDE= A1 2=¥ol] A4 whg3Fo] FAu il A2 28] FA Bl A whg3So] 3
AE F2E 2=t GIB/R 729 Fo|E OLEDE All Agd 4 wrgZFo] A A2 2o Ja 9 2
A gFEo] FAY FRE Zeth. & 102 1 39| slo]E (LED(BRG)$F o]¢} HlalE|s= RIB/G Txo
sle]E OLED ¥ GIIB/R 7-%9] g}o]E OLED] o} FA7] 225 Yelll= 2gzolr).

T 99 AF AolA & 4 e uh, B Lol slo]E OLED9; Ml H7tE 3Fo]E OLEDE(R IIB/G, GIIB/R)<}
ol A2 28( AT FAskd WA &L

2NDST) 2 #-2ld A1 =B (1STST)of] 24 whgZFolu} A a-g3

Zolxith, 1¥d], o]y Hlmd|e] 3lo]E OLEDE(RIB/G, GIB/R)S AedE 9} o] AA g 7pss

Hd® AFs g Ay, Aedy 53} o = 113 o] & o] sfo]E OLED(B I R/G) el H]ske] A A& &o]

sopAar aujd o]l A = dvk. AFHem | Al 2YASISD = A2 A= ENST) 3 EeH =S 3

2 HL%Z(BEML)HP EHAo® wiRstaL, A2 == (2NDST)ol &3 =4 233 (GEML) 3 13 A4 g3 (REM
& stolHY s xR wixE uf 58, AQkgA B v go] 7P -ttt

m

st mpel o], 2 ‘DH AA 5o W2 f7dE o5 TAAARE A2 2 (2NDST) H HE =S AL
ZBI(1STST) ol 333 H A 233Z=(BEML)YF EH"x oz wlx|sta, 7] A2 Z~=HNDST)o] FF = gz
(GEML) ®} <133 A4 w33 (REML) S SlolBe|= Fx2Z AFsle] A S ol 188 9 FrHs 74

S 9a o, 2nA8E 29U & 9

A= gAA Y AR Aol 71" W&

w2t % 1o SAE P4 393 AR Ao nel T Ewlelth,

w38 % 1o SAE %4 B33 AR Ao nel i Ewlelth,

w4t % 1) SAE A4 333 AR Ao nel i Ewlelth,

E 5t % 1o BAE flRgTeleme) o A8 WAUEE He Fi wmwolt)

% 6 B oune] Al AAdd] e uy v T2 §71ugreles EALAE b,
% 7S Boune] A2 AAdd] e g vl T2 f71%grel e EALAE ehi,

% 88 A%l 488 ¥ une so= f719YrieloE TxE Kol Fi mvlelt,

oF HaH = o 3He|E frdgriol e =ER

E 9 E 83 g 2 el Fol= f7]uHtiol
hyA

£ 108 % 95} 2 Aol A 88 FolE fluYThel L EE g YAYIE He] T agzold,
E 1S % 95k 22 Aol HEH HolE f NPl nEel AAEE 2Pl WAl 48 AT Y
2 AR Fol BE, AAFE L 2L WL AR AP A3 mvielt
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EEH2
Blue Host
AND DPVBi
9, 10-di (2-naphthyl) anthracene 4,4 -bis (2, 2-diphenylethen-1-y|)-dipheny|
Blue Dopant
Qe
0,0 99
TBPe
1, 6-Bis (diphenylamine)pyrene tetrakis (t-butyl)perylene
EHE3
Green Host Green Dopant

L
999 Y

0770 N
ADN C545T
9, 10-di (2-naphthyl) anthracene (10- (2-benzothiazolyl)-1,1,7,7

-tetramethyl-2, 3, 6, 7-tetrahydro
-1H, 5H, 11H-[1]1benzo—-pyrano[6, 7, 8-i j]
9, 10-di (2-naphthyl)anthracene
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1~—SUBS2

—oF

Anode Cathode
0.14, 0.11) (0. 65, 0.345) (0. 285, 0.658)
Triplet Singlet
NG + A
Hybrid
R Il B/G G Il BR B Il R/G

B G R W B G R W B G R W

Cd/A| 2.5 [13.6 |16.9 | 33 | 2.5 [27.1 | 8.4 | 38 5 [13.6 | 8.4 | 27

x 0.1400.286 |0.652|0.444 (0. 140 |0.286 | 0. 652 |0. 349 | 0. 140 | 0. 286 | 0. 652 (0. 312

y |0.110]0.658|0.345|0.357]0.110|0.658 [0.345|0.430 (0. 110 0. 658 [ 0. 345 | 0. 299
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N 1 DO B N T W W
w
<
(5]
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S 004 A NN
0.02 oo
0 1 1 I 1 1
380 430 480 530 580 630 680 730 780
wave | ength (nm)
EHI1
R Il B/G G Il B/R B Il R/G
EEE EEE EEE
Bl & Ry | B | G R Ty | B &R T
Cd/A|1.654112.319(12.035| 68.0 (2.426(19.627|6.936| 76.9 |2.389(12.187(6.359| 78.4
(xy) (xy) (xy)
x [0.141]0.328[0.670| 719 [0.134]0.266]0.663 | ac'5 [0.138|0.265|0.665 | g5’y
y [0.113]0.597]0.329| (W v') |0.154 |0.659 [0. 334 [(u" V') [0.087|0.616|0.330 |(U' V')
Power
1) 212.3 197.6 144.5
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