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7] A2 =8 7] CGLY 37 33 ZA w3 /‘}C‘]Oﬂ FAE A2 AFFAS L A2 A¥esS A7 8
I A AG3Z 3 7] Q1 HA wstE Alolo] A% EBL(Excition Blocking Layer); 2 Z37] 1% A
B33 A7) MEEAS Aol FAE AAFTLS D A2 ARFESTE © FH| S

R tE AAde mE frEETele s BARA M, 7] Al 28 A7) mEd=dt 4] 6L
| 1 =

=
Aolel BAE W PN BYFL @A, 47 A2 28 ] ARSATI 7] 6L Al FE 3
= wgES Q% A4 2P TP

7z 7

2 owye] AAdEe] BhE frugtele s EALAG T AR s AT ALSAT Aolol A (6L
2 Aole] AL L A2 28 FASE, AL 2] A wPFw SPAoR WA, B7] A2 2do] FY
w4 WS AP AN BPFES el E pE HFetel APYS Folu niEk ¥ 44HS TAY
S ooa e, anAEe 2 5 Ak,

o] gto]E OLEDE MAEAF(CAT)H of:==A=(AN0) A= Aleldd] A1 2 A2 ~"o] HFH F+25 Ze=t),
A1 289 (1STST)S dFFoz HA spge] W whgsity, A2 A8(2NDST)S A1 2B(1STST) ol A5 5 o
ggorg Al uito] "G Wty <lgor HA yito] vl wgdiy),

A1 2 A2 2~¥E(ISTST, 2NDST) Abolei= (CGL(Charge Generation Layer)o] HAJ€t}. (GLE v Fshz |
A718 &4 EAAES 2 22424 (LR AL 71sd BE4=2e 357, AEF, 7157 B o589 4%
o] &#jx AUrt.

A1 2B (1STST) & 7] (SUBS) Aoll dF 8 of==d=(ANO), #l1 A¥ F<UZ(Hole injection layer, HIL1),
A1 A¥F45Z(Hole transport layer, HTL1), A2 23=(Blue Emission Layer, BEML), #|1 AAFS%3=
(Electron transport layer, ETL1)ES 223sheit). A 533 (BEML)2 3 v Q13 A4 E3FF(Blue
Emission Layer, BEML)e] A& 7}galck.  olgldt #l1 2&(1STSD ol @33 o =i AHA 933 (Blue
Emission Layer, BEML)WHS 2E3tslo] HA3whs w3str] wide] 49 <Age] 7hsshy FAe] AbgAds =
d g vk, AHA #3FZ(Blue Emission Layer, BEML) X9 3 A dFEd = Q3 A 23E4
2 P49 4 dd. A g, FA $S3BEML) S = 29 o] AND 9,10-di (2-naphthyl)anthracene 53,
DPVBi 4,4'-bis(2,2-diphenylethen-1-yl)-diphenyl 52 Z2~E EZo] 1,6-Bis(diphenylamine)pyrene, TBPe

tetrakis(t-butyl)perylene 59 &5 =HE7Z} 7l 237271 48 71ssith. A4 93335 (BEML) 2 o]
of S+ X ¢fa (BP E& m(PE X ste T2E BHE ¥gsld, f=EdodADSA) 59 % =HEE
xZgek 5= 9l

AR A% Ayl wsx= npe} 1 A1 =B(1STST) ol 485 & A w35 (BEML) 2+ A3 A2 g
TR ¥F AN AFFTo2 AL o a8, &ndE F NS o =9 7 .

A2 Z~E(2NDST)-> CGL Aol AZFd A2 F¥ FUSUIL2), A2 AFTFEZIL2), 33 =4 @433 (Green
Emission Layer, GEML), EBL(Excition Blocking Layer), <133 2] w333 (Red Emission Layer, REML), =2
HAA4Z(Electron transport layer, ETL2), 2 HA=A}5U=(Electron injection layer, EIL)S ¥3+3tc}.

EBLS gt ZF o]de V&, 3 T o9 frlE EE I FF FERE FAFY FF =4 B3FF(Green
Emission Layer, GEML)¥} <13 A1 2333 (Red Emission Layer, REML) AlolollA @43} o 7] Ag] o} A+
T A7 duAE ZHEEh. o] EBL2 ¥A|9 o3 BBL A5 2% HE& 7}s3lt).

A2 2B 2NDST) ol = A3Fo g w3gst= 213 A4 w33 (Red Emission Layer ,REML) 3} 3oz w3sl= 33
A w32 (Green Emission Layer, GEML)o] AZ=m 3slolHa = (hybrid) F+FE o]&3] 100% o F =t

G =4 TFS(GEML) 2 &xe] FF =4 23S A5s ofudd A% o&d + a1 dd=H, = 33
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Zro] ADN 9,10-di(2-naphthyl)anthracene %9 Z2~E EZof| C(545T (10-(2-benzothiazolyl)-1,1,7,7-
tetramethyl-2,3,6,7-tetrahydro-1H,5H, 11H-[1]benzo-pyranol[6,7,8-1j] quinolizin-1l-one &< ¥F =4 =
HEV Hr7ld E4do] 482 4 At ¥ =4 W3S (GEML) 2 o]o AR ¢kal, (BP i mCPE X&)

- p=] [e) ST ELS =
= 3AE 248 x¥8E 4 9y

Qg AA g (REML)2 A9 1% A4 B33 ARs ojudt A% o]8d 4 3 I A=K, = 49
o] (CBP 4,4" -N,N * —-dicarbazolebiphenyl %9 Z2E &&do] (Btp2lr(acac)) bis(2-(20-benzol4,5-
althienyl)pyridinato-N,C30 )iridium(acetylactonate), Btp2Ir(acac) iridium(I1I)bis(1-
phenylisoquinolyl)-N,C2') acetylacetonate < <13 XA =HEY} H7tE EZo] Hed —’F 9ty oA
A w32 (REML)2 CBP(carbazole biphenyl) HE+= mCP(1,3-bis(carbazol-9-y1)& ¥3tsl= Z42E 528 ¥
Eixsas PIQIr(acac)(bis(1-phenylisoquinoline)acetylacetonate iridium), PQIr(acac)(bis(1-
phenylquinoline)acetylacetonate iridium), PQIr(tris(1-phenylquinoline)iridium),

PtOEP(octaethylporphyrin platinum) SollA AEE o] &y o)Ate] <14 AM THEES ¥31e 4= i),

= 144, AFFISAHILL, HIL2)2 AHF9 FU& 94 sk, CuPc(cupper phthalocyanine),
PEDOT(poly(3,4)-ethylenedioxythiophene), PANI(polyaniline), NPD(N,N-dinaphthyl-N,N'~-diphenyl
benzidine) FolA AEEE o= 3fu o]t BAHS XFT F o}, ol dAEA Fevh. HIFETF

(HTL1, HTL2)S A-Fol 45 U&3HA 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) SolA AEEE o= sty ol EAL ¥3s 4= 9lo}, ol IFAHE A vt
ARF=4S(ETL1, ETL2)S HAA}e] %S H&sA slH, Alg3(tris(8-hydroxyquinolino)aluminum), PBD, TAZ,
spiro-PBD, BAlg, SAlq SolA AEgH Meg s o= 3h o] E4& I8 4 o, ol dAHA F+=
o}, AAFASF(EIL2)S AR F4S d&sHA 3, Alg3(tris(8-hydroxyquinolino)aluminum), PBD, TAZ,
spiro-PBD, BAlg, SAlq TollX Mg == o= sl oo E4& 28T = o, o]d dA=HA Fert.

Boulm o] Ao wE OLEDYE 333 (fluorescence)® <¢1%(phosphorescence)s 3+ W42 o] &3it). <%
S F1EAY 4EE o 7] AbEi(triplet excited state) 2H-E Y WES ugit)l.  o]d] BlEe], P {7
A=) 1=l

xke]l @dd 7] AH(singlet excited state)ZF-E]S] WES  9u|diy), whebs,  OLEDS] 2

(luminescence) 34 W&ES YelAY J34 WES Yepd).

32 I3 HAAEY APl 9std, ddd e Aed 97] A 7 o SuR dAFdE EE dAE
. < Td3 7] At M 9 A o)

ool wate}, W AAEN ANEE o osente] el oi7] FEERE Aot Way wBS A4
& vk YA 2R, e HER ol7] FElelA AAHE UnA JAESE, Gyl 4EE
g ¥e ouxe v oy dusEe wsd 5 gl

Qg g v)xste] &= 13 22 (0LED] ouA Y wWAUFS = 55 ANste] dv

A2 ZEDSD AN E B2E BARRE ) wold or)4zrE AE e 256 Yo AN ES(Xs:0.25)0]
ola) W WA wAFGEL)Cl P wAath.  elw % A4 SBIRELS % Y 4 0P
(GEML)S ZAate] Ages 528 2ARTE 453 of7|A25E AR g2 75%e] A ES(Xt:0.75)]
o)3) 913 wtgT,

A1 =B (1STST) A, A 2333 (Blue Emission Layer, BEML)2 3 W3Ed =& 3 4 =212 34
2 n. A ES @R o] - A 3T oR A8 o A g5 (BEML) S thEF 250 Hme] o
AlEssdd o& @@ ofr] iy @94 a4 23S @BEML) o] 1 HA EToR A8
W A S (BEML) 2 thEF 256 o] A EEE s A of7] BuH=iE A ddeta, diEf

75% o] AAEEEC o& AT o7] FHRFE dFAd Ed

B odne] Aol mE frpdgTieleE FAAAE &= 19 2 2] (LEDE EFse BE dvd T2
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e oA FxE Az 5

£ 6 W wye] Al Ao thE 1wy v Txo] 7Yl e EAAAE ekt
1

= 62 FFshd, FHUIgH(SUBS) Aol TFT7F A 1 TFTol StAd=(PIX)o] A&, 215 (PIX)S
TFTe] =gl d=(D)ell AL & 1o =A% 3}o]E OLED(WOLED) 9] ofj:==d=(ANO)o| H&EEU. = 6ollA
EWRS "GI"e= TFTE AlClEA=(G) W 1ol A4R AlolERlS 238 ACE 53}, TFTe] A2 ¥
=Y JAA(S, D) dolEElS 93 Axa/=HQl F45uES Ay g AlJE dAdeltt.  "PAS"&

TFTE RH33t7] $1% sAdoldZ o2 o FHAwo]dFolE ad=(PIXN)S TFTe = d=D)ol HEHA
X

7171 f1ek e o] Pk, "BNK'v A Al A g4 gl A agas EEhy] 9)e FEREo|th
"ENCAP" & ﬂlEi(GTT)E‘ F3) 0}04 Fr7|g(SUBS) el AHER FAEHE gl FAoltt. 3lo]lE
OLED(WOLED)®= &= 13} % % @% TZE 7Y, o]# 3t 3}o]E OLED(WOLED)e] w3go] ol WEs& 2
H A o] AZ(PAS), AlS]EHARHGL) , N==H=(AN0) B 51 7]3H(SUBS)S Fetct.

7138 (SUBS) ¥ sko]E OLED(WOLED) Atelell= A# T3S fiste]l 24 Aede, =4 e 49, 2 34
ZAeldE7E ¥449 5 vk

T 72 2 o A2 Ao wE By ond o] frdgrie]oE BAIAAE UERIL

T 78 FFEH, s 7]¥(SUBSD el TFT ofdlo|7} FAE . 4§ 7]¥H(SUBS2)dll+= & 13 2 7+x9] 3}
°]E OLED(WOLED)E 233k w|# 2 OLED of#el7F A HTE. A% 7|3(SUBS2)ol &= e 7d& 93 g4, =
A gl A AYIEE(CF)o]l A, 1 9o FHe oW ZEZ00)Z FAIHe] S (PAS)e] P,
T AN 719H(SUBS2) el WASE(BNK) W HMEA Awl 2~5o]A(CSP) 7 FAET. AR HY 2u|o]A
= TFTY =A== T A2HSS 3Fo]E (LED(OLED) Y] oA T A=A dArjgow HEA7
t}.  s}o]E OLED(WOLED)= &= 13 22 235 A3 725 7HAH, o]y slo]E OLED(WOLED) ] &g <js
Z5= W2 AAe]AZ(PAS), ACJELATHGL) |, === (AN0) B FH7]ZH(SUBS)E Fagtt. slolE
OLED(WOLED) = = 13} e 2% A= 1Lz2 71xu, o|#d 8lo]E OLED(WOLED)S] gl o) WEmi W
A A W] 0] A Z(PAS) , _(zlﬂi#%(OC), A GE(CF) 9 FH713H(SUBS)& Fgtet.

o o] Aajde] mE frgTo]eE BAIAAE E 6 H % 73 2 3o dgEE 3ol ofyE, =
17 22 slo]E (OLEDE Xdehe HY dvd Fx, | oud 3, $UF dnd 42 F oud Fx% 4
4 7hssitt

9 YA = 112 & U9 3lo]E (LED9} 18} v T%Z ztE 3lo]E OLEDE H]ulsle] tye] &
S, A, avHEE HAEE] A AFANE 1Y Tio

o] Ado] HgH X uwyo] 3lo]E (OLEDE = 83 ol FF HM IHFo] I N
(1STST)#}, CGLS Atololl i A1 <8 (1STST) 3 = 13 24 uhgZa &34 54 %}%L%O stolH e =
WS 5ol YA A2 2" ONST)S FHEt. E=delA 'Rl 3 <]
ngkeh, g ofEj o] mAbe 4 Aol dgEe W] MR (x, y)olrt.

T 8% e B ool OLEDIIA HA), A wl A 8o o]2XE AR 0.312(x) B 0.298(y)elA 5
cd/ACEA E&) + 13.5 cd/A(EMESR) + 8.5 cd/AAMES) = 27 cd/A |},

"o &
> 33

olgle] o]EA] 1, 2F Xun(dAIEo] 13 THE AF Ef(trap) & HE), 1-Xuap(dAEC] 3359
ol 2] (edge)oll BAHEE V), 2 X (FAE FoA 358 of7] A9 u&)s 1HE u oy 43812
12 AstE = 8¢ OLED &&o]t}.

o4 1

rLexL:(l_XLrap) rLFl"'[(l_XLrap) Xtriplet+ Xtrap] NLph

AZIM, "Ne", "ne", "np"E Y5 A &S (External Quantum Efficiency, EQE)EM F-ZHE QI7tE A

At(electron) 7} W(photon) o2 W3E = F&o|th, "ny"s dFoAe EQE, "np"E 1FolA e EQE o]tt.
WA, "o 'E A1 ALt ghell A EE ¥ = OLED &} HAS] EQE gkoltt.
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(1) O]%i] 1(XLrap:O~18r XLripleL:O-75)

A2 2= (2NDST) Y] && = (1-0.18)x27cd/A + ((1-0.18)x0.75 + 0.18) < 17 cd/A = 35.7 cd/A.
webA], AMF3(0.35, 0.34)o14¢ OLED F&& = 5 cd/AAIL 2¥1¢] §&) + 35.7 cd/A = 40.7 cd/A.

(2) O]%i] 1(XLrap:O~Oy XLripleL:0-75)

A2 2B (2NDST) ¢ && = 27cd/A + 0.75%17 cd/A = 39.8 cd/A.

wheba | AMF3E(0.34, 0.362)01419) OLED &8 = 5 cd/A + 39.8 cd/A = 44.8 cd/A.

= 98 ZFsd, Al 2=(1STSD ol 83 A dg5o] FAE L A2 2= (2NDSTD el A3 A tygZ3 3y
LA o] P B A go]E OLEDv= 19t Hul¥ = #o]E OLEDE(R I1B/G, GIB/R)C HISte] e
ago] 5 Cd/AZMN ¢ Zolxlu Me=7l ¢ oddo=m HAUY. or|A, £ @ye] Fo]E (OLEDS vl A9
& RIB/G 7329 3}o]E OLEDE A1 Z="lo] A @rgZo] P il A2 2ol HA g = @gFso] 3
AE F2E et GIB/R T2 golE OLEDE Al 28" 54 whagZo] P A2 L8 A W 3
A b Eo] PAHEH FRE et = 102 B @i slo]E (LED(B_RG)SF ol9F HIILEE RIB/G -39
slo]E QLED ¥ GIIB/R F+%9] 3}o]E OLEDS w4 #A7] EXE el gz},

T 99 A¥ Aol & 4 de= vh, 2 wge] Fo]E OLEDY vl H7bE slo]E OLEDE (R IIB/G, G IB/R)<}

I~

S
ol A2 2" (2NDST)H E2lE Al =B (1SIST) el A4 wgFojn}; = PSS FgsiH g g8
ZolZYy, Y, o] d Hmde] slo]E OLEDE(RIB/G, GIB/R)E AeHE S} 3ol A4 HE 715
sjd2 AFS st 23, dydy T3 $of & 113 o] & o] Flo]E OLED(B IIR/G)oll H|ste] AAdEo]
volx| 1 vl Eoe] AA F vk, A og, Al 2"ASISDole A2 2= NDST)# e H=F 3 3
A W= (BEML) Y E8H o g wlxsta, A2 28 (NDST)el 33 = wFg=(GEML)TF <133 A 2r3=(REM
L& slolBg = F22 X g o &, Mg F Anjdge] 71 SF3ir.

Z

Fest viel o], B Aol AAdEd wE {frHFre] = HAaAE A2 28 (NDST)H BElHEF Al

2B (1STST) ol &3 A w=(BEML) W S ¥ oz wixsta, A7) A2 28 (2NDST)ol F3 =4 dg=

(GEML) =} Q133 A A wbg-3(REML) S SlolHE = F22 ATFste] MAAHYE Eolal 15§ ¢ F4HSs 73T

T A Holrt, ARAE S Y 5 3

ol Ardt &S Bl FPA e 2 4o TeAMdS dEstA of Yste WeelA ke WA R A
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EH2
Blue Host
AND DPVBi
9, 10-di (2-naphthyl) anthracene 4,4 -bis (2, 2-diphenylethen-1-yl)-diphenyl
Blue Dopant
O
SNe 99
TBPe
1, 6-Bis (diphenylamine) pyrene tetrakis (t-butyl)perylene
EH3
Green Host Green Dopant

oy
L Y

07 "0 N
ADN C545T
9, 10-di (2-naphthy|) anthracene (10- (2-benzothiazolyl)-1,1,7,7

-tetramethyl-2, 3, 6, 7-tetrahydro
-1H, 5H, 11H-[1]benzo-pyrano[6, 7, 8-i j]
9, 10-di (2-naphthy!|) anthracene
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Red Dopant

L 12
(Btp2Ir (acac)

4,4 -N,N ° -dicarbazolebiphenyl bis (2-(20-benzo[4, 5-althienyl)

pyridinato-N, C30 ) iridium
(acetylactonate)

Btp2|r (acac)
iridium(l11)bis (1-phenylisoquinolyl)-N
C2') acetylacetonate

(a) &% Blue

ey

s — S leaL
I 2NDST :
! Xs:0. 25 !
: S-- | ) :
- ey
| | | — |
| — |
! " Diffusivd ! ,
: / transfer \‘ : ,Eb,),‘ilﬁgl,u,e,j
: : 1STST
| |
|
i T \X‘\-» @ Xtﬂ%ﬁ— @
! Green Red "= ! Xs:0.25
- -
Host Fluorescent phosphorescent
dopant dopant
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TFT

P
o ’_\\_\ 1
M~
¥E

1~ SUBS2

Anode Cathode
0.14, 0.11) (0. 65, 0.345) (0. 285, 0.658)
Triplet Singlet
o + 3%
Hybrid
R Il B/G G Il B/R 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 21

x |0.140|0.286|0.652|0.44410.140|0.286 | 0. 652 | 0. 349 (0. 140 0. 286 0. 652 (0. 312

y 10.1100.658|0.345|0.357(0.110|0.658 |0.345|0.430 (0. 110|0. 658 | 0. 345 |0. 299
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0.12
———B_RG
0.7 Lo o X
5 0.08 |-, TN / ..............................................................................
=
N 1 PSSRSO NOUOA WSRO SRS SRR WSSO
w0
<
3 \
S 0.0k NN
0.02 e {
0 ! 1 1 ! 1
380 430 480 530 580 630 680 730 780
wavelength (nm)
R Il B/G G Il B/R B Il R/G
A D& 9D & A&
B G R o B G R o B G R %)
Cd/A | 1. 654 [12.319]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]0.3280.670| 5,79 |0.1340.266 |0.663 | cr'5 |0.138|0.265(0.665| g5°5
y [0.113]0.597[0.329 | v') [0.154|0. 659 |0.334 | (W' v') |0.087 [0.616|0.330 [(u"v")
Pouer 212.3 197.6 144.5
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