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methylphenylphenylamino)triphenylamine, MTDATA), Xe®-=ZAJold+¥](copper phthalocyanine, CuPc), E# 2
(4-7hitEE-9-d-9d) o} ¥ (Tris(4-carbazoyl-9-yl-phenylJamine, TCTA), N,N'-t]#d-N,N'-H]2(1-}2d)-
1,1'-v}o)#Hd-4,4"-t]o}b I (N,N'-diphenyl-N,N'-bis(1-naphthyl)-1,1'-biphenyl-4,4"-diamine, = NPB, NPD),
1,4,5,8,9,11-F jolEg) | d A @AY E-(1,4,5,8,9, 11-hexaazatriphenylenehexacarbonitrile, HATCN),
1,3,5-Eg|2=[4-(OHdolm] x) A d [ ¥l 71 (1,3,5-tris[4-(diphenylamino)phenyl lbenzene, TDAPB), 32](3,4-°l

AT LA E o H)Ze ~E <=3 Y| o] E(poly(3,4-ethylenedioxythiphene)polystyrene sulfonate,
PEDOT/PSS) , 2,3,5,6-HEZZF 2 2-7,7,8,8-HEeIA o} =F t] W EH(2,3,5,6-tetraf luoro-7,7,8, 8-
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yllbenzene, TmPyPB) % /XE+= 1,3,5-EgA(N-dHdwllZo|n|t}E-2-)dlAl(1,3,5-tris(N-phenylbenzimiazole—
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A7 S (EIL)2 AAFES(ETL) T A2 A5(120) Atolo] XS 4= i, AR F=94S Y& ste o
S 3}, dE 59, AAFYS(EIL)S LiF, NaF, KF, RbF, CsF, FrF, BeF,, MgF,, CaF,;, SrF,, BaF, % RaF,
Zo] a7ty sgloluA B4 W/wE Liq(lithium quinolate), @F wWlZoo]E(lithium benzoate), &F 2
glo}# o] E(sodium stearate), Algs, BAlq, PBD, Z3}o]Z-PBD, TAZ 59 #7|A E4& x33 4= 9t}

2 2 o] oAl T A upEl Al d5(210), WFF(240) E A2 AH(22008 EdekE &
Frho]l 9 =(200) 2 MFHow =A S doltl, & 304, A w(240)= AFFASHIL, 243),
&S HIL, 241) A 933 (B-EML, 242), HAFES(ETL, 244) B AXFHS(EIL, 245)S X&),
}7] f71d g rhe] 2 =(200) 2] ZF Soll #ek A d-e dedt upel 2,

SR

ol N K1

o



[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

SE545 10-2027518

gThel e Holw 2] ole] WHNE T A (tandem) TEE 7MY F 9

2
By
0%
N
i)
3
:
W~
NJ
[\}
W~
\}
p
2
—
i)
ot
4t
ple
&
ox
N

1 AL A= g A7) A2 =S Apelel A2 g

iy e
it

!
o~

= 2 2 gAH E oE AAIFE el wEt A1 A=5(310), A1 FR(STL, 340), A4S (Charge

generation layer, CGL, 360), A2 ¥ (ST2, 350) L A2 AF(320)0F Eisl= F7]dFrlo] © =(300) =

MR o7 TAZ dH o}, = 4o]A, A7) A1 E3E(ST1, 340)E Al A&54E5SMHIL, 341) 2L A1 A

g5 (342)S Xgsta, 7] A2 @EE(ST2, 350)+ A2 AT5E5SHIL, 351) 2 A2 A4 w33(352)&

L3t ] A1 EFE(ST1, 340) 2 A7) A2 935(ST2, 350)E 47 Do wat AFFA=E,

T55, AXFES, AAFLET 7Y A7l5E 9 23T & Jdrh. A7 A7EETe]| 2 =(300)9 4
A

of #dk AAF AH2 Az npeh g

71 F7Eg o]  =(300) = A1 EE(ST1, 340)¢F A2 HFH-(ST2, 350) Abololl, zbzhe] whgFo Al Ay
st AR 8% TV, ASE dEsA B ¢ J&=F WA S (Charge generation layer, CGL,
360)0] YA 3FITh. =, AFAAAEF(160)2 A1 FHE(ST1, 340)9F A2 EFE(ST2, 350) Abolo] Yxat™, A1
g E-(ST1, 340) 9 A2 2F-F(ST2, 350)& a5 (360)00 <3 dAHT. [T (360)> N& kA
35(362) 3 PE Mt F(364)0] AAeHA fAI8HAA Hed PN-HE At TH + ATt

N& A3t 5(362)> A1 LFF(STL, 340)5 Fstes AAAetal, PE HstA/d5(364)2> A2 I3-7(ST2,
3B0)E FEF HA LE} A3t T (360) S AetE AAIAY AF 2 AAR FEste] Al 2 A2 wEH

CRElite

¢

ﬂlO

(340, 350)°l AAe} R HAFS
, N3 A Z(362)S A1 2HFE(STL, 340) 2 AAE FFakar, A1 A(310)0 <14s A1 H9Hg-5-(ST1,

340)01] AzE Faet. shE, Py A S (364)2 A2 TFE(ST2, 350) = A

$Z(351)2 A2 A=(320)0] <1H 3T A2 WFE(ST2, 350)] B¥S 33},

OH

N& A3l F(362)2 SAE-EHE A~”log FAPo=zn, Ng EHE 54 9 N S~E 5485 ¥3s
T At N¥ =¥E E-S FU18X A9 Al F 4 A2 FY 35 B AR FY9E F U #U1E B
o9 EFEY F dth. odE B0, N\¥ =HE 2L 474y 55 2 98 EFS F o= v 5 3
. S, N8 ds8d5(362) HELD), HEFWNa), ZFEK), v AaCs)d T2 &7 a5, e 7
adlEWMg), 2EEH(Sr), vHEBa), v #HERa)Y 22 9472 EHoR =3% {7508 ofFold &
AA|EE, olof] FAEXA] et N E2E BHE HAAE AST F e BF, dF 59, Alg3(tris(8-
hydroxyquinolino)aluminum), Liq(8-hydroxyquinolinolato-lithium), PBD(2-(4-biphenylyl)-5-(4-tert—

butylphenyl)-1,3,4oxadiazole), TAZ(3-(4-biphenyl)4-phenyl-5-tert-butylphenyl-1,2,4-triazole), spiro-
PBD, % BAlg(bis(2-methyl-8-quinolinolate)-4-(phenylphenolato)aluminium), SAlqg, TPBi(2,2" ,2-(1,3,5-
benzinetriyl)-tris(1-phenyl-1-H-benzimidazole), SA}t]o}Z(oxadiazole), EzZ|o}&(triazole), ¥ EE
(phenanthroline), WZAlE(benzoxazole) B WlZE]o}ZF(benzthiazole)Z o] Fo]Z oA Aeld o] &
L o]do g o]Fojd f glom, o]d A F=r).

EE, N3 ASANF(62)S BAE-RHE AxdoR PANA 2% 4 Atk F, Ng ASAFE6)L N
Y =HE 23 EPeA @2 FE v

m

PE A 8AES(364) PY =HE &4 4 PP 32E B4& ¥3E ok P& HaAAAT(364) NF A
s 5(362) gloll mixEo] N& A3 S(362)F HetE T2E M qd = 4L 55 AstE,
HEDGZF O 2-H EgfA] ol = F w=t] W ek (F4-TCNQ), HAT-CN(Hexaazatriphenylenehexacarbonitrile), SA}o}AE
glEidd 53 & §71E Ees V205, MoOx, W03 53 28 34 E4=E o|Fofd 4= AN, HF=A] o] 3
dHe Aol obdn. P s2E EBdE Ays A9 F e =4, dE =0, NPD(N,N—dmaphthyl—N,N‘—
diphenyl benzidine)(N,N’ -bis(naphthalene-1-yl1)-N,N" -bis(phenyl)-2,2’ -dimethylbenzidine), TPD(N,N'-
bis—(3-methylphenyl)-N,N'-bis—-(phenyl)-benzidine) %  MTDATA(4,4',4-Tris(N-3-methylphenyl-N-phenyl-
amino)- triphenylamine) = o]Fo]xl ol ded o= sht o]d& EFets AR o]Fold F AN
HEEA] ool A E = Zo] ol

o)
(m
il

A7) FAhAQl wagRE AAR), HAG) B FAVellov, V& B 5 gl

stube] oAl Al AAIGEfoll A, AT EF(STL, 340)= FAES wgstar, Al2 2ER-(ST2, 350)= FAuo &

_10_



[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

SES535 10-2027518

el B (G), F=AYG), FA(Y) T LAXAS w3 5 gl

HW}\WTJ——% ng] }\]-%}\H?_ XqAH(R), 'L‘:/‘”(G) zé/\_l‘J(B)g] %—%}—5/\3% Zk

== Al ¥EE(ST1, 340)&

EHEE x3hete], FA(B)I AZS-(Y

2 wgtiol 9 =] gl AL FR-(STL,
ol A ¥ Aol

&= 5ol m=AE mpeb gro], {7 FAEAI(400)= 718 (401) 3, Fr7Eg o]l  =(500)9F, F7EgTHe] =
(50005 Y= AEdoldT(490)s 23 = vk, A7l AT U902 FIES/AES/FE
o X vus 7E2d At 71840 ol T AR e HHEIASEH(T) 9, TE HHE
WA E (Td) ol AAH = fF71Ed o] £ =(500)7F 1A

A ghgkert, Z1RU0D) Aol Az wAse] 49
w2 ElelE WA F ol shush BAFA o) ZHo) 9y
Ass 2909 HHEAALE, B9 WA 2 2907 dve
7 d gy,

S Aoshs AClE w3t o wjad, A=
= 99w, AolE wjA L dolg ujMe]
122E9] o A=l ddse 2ELA AHAAE

N

75 HHEJIAZE(Td)E 293 IHEDAALH AAH™, v=A5(410)3, ACE A5(430)3, &2 A
=(452)3% =99l A=(454)2 E3HE

R ololA AL} B Ao o

Al g 4= B
STt WEAZI06] I WA BAL olFold A% WEAZUI0) Aol ARAN(EAGA B8
ol 9HE £ gor, AgAUL WEATUI0)02 Yol AEE AL WAt} WEAFUOl Lo ol

¥ g AEEer oFold $E o, o F% wE

HEE A 5-(410) o e HAASAE o] Fof AolE AA=(420)¢] 7] (401) A FdHTt, AolE At
(420)2 A Z2ksE e AgEdsEy e Fr1Ed o] FAd F Ut

Alo]E AAur(429) HAFols a5 22 =g EAR o|FoR AolE AF(430)0] WF=AZ(410)2] Fdol
-&3te] FAET. AlOlE AF(430)2 =94 HHENAAHo| AAHT.

AlO]E AF(430) e AAZHEZ o|FofR 3 AT (440)0] 713(401) o] PFAdATh, F3IF dAd=
(440)& Ay E2kstEoly AgEAsEy e B dAdEARZ AFAY, HlXApo|EFEEH
(benzocyclobutene) o]y} EEo}T ™ (photo-acryl) 3 < 7] dAEA= JAE 4 Qr}.

o)lv

7t AAT(440) 8 MFEAF(410)9] UES =FdE Al B A2 MEAS 5 (442, 444)S zrer A1 2
A2 WEAZS ZUE (442, 444)S AlolE AS(430)Y %o Alo]E HZ(430)T} oA H o] $x]3ht},

7 A

e

TH(440) o= 553 22 =34 BEE o|FoAE A A50452)3 =8 d=(454)0] A4

% = l

o 22 AFUED)T Ee9l AFUSHS ACE AF430)S FAOE o]Auo} gHsk, 2z Al L A2
MEAF ZEE42, 40S B VEAZA0)) FS AHA 2a AFU52)S F9) A EA)]
AZg}

iﬂ% 410)3, AlolE HA=F(430), A2 A=(452), =9 AF(454) 5 HHEMNXEH (T E °]FH,
BEMA 2 (Td) = WHEAS(410)2] 5o AClE A=F(430), A2 AF(452) F =gl H=H(454)09]
3= ZZd Y} (coplanar) T+EFE 7HHY

olst @], TF MREAALE(T)E WEAZ el Aol AFe] AAskm WEAF Fro] i A

_11_



[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

SEE46 10-2027518

=3 =g ¢ AFo] A= o AEAS(inverted staggered) T%E 7Fd = Q). o] A, HEAZL 1
A Aoz o]FAqd 4 Q. dH, 29 dHEWAANAH(EADE F5 DIEMA2=E(Td) e} 2244

B, §710 HALAL0)E §71RATOI L E(500)014 AR W e Ae WEH(60)E T 4
ATk, olE Sol, Ael WEIG60)E AAR), 4G, FAMB) L WAW F& F5E 5 Ak o A%, B
2 Brshs A4, %4 % 349 A Ay dde] el Hagy Az weEel 49 & o, oF
Zzte] el AE ARe FRSaA s g Ulde] Ue PESE G712 Yrhel 0= (500) F 471U BE
(5307 Z17F FHEA WAL 5 AT A WE(60)E AUFeRN, F71% LA E E-AYS
FEE 5 gk

A% 5ol fETOleR EALAU0 W B A, fEPTRO LRG0 HEshe 30
AA(440) Aol B Frohs Aol AHU0)7 ANT = vk, AWHA ANFeHAA, F78G BAR
A0} A B G A5 Fel Bel WAl SEGI0S B, 3 A2 A0 A A 4
w9, Az, 2d R0 2 A 5 mel FAZ 4R 5 AL old, F7ETl 2 E(R00)E =

10 EAH0] Y WY TR AL R4 BYriele= & g,

H, 75 YHEWAZE(TD) O] = HAF(454)& wEahe =8l FHE(U72)& 2t BE3U70)0] 5
HEJMAZE(TDE o A

2o

RH35(470) delle =89 28E5U72)S T3l 75 HHEMAZH(T) Y =ddd A=5Us4)0 d2dH= Al
A=(510)0] 7 3pa o HE LeHeo] F4dd.

i

Al AFG1)S FF(anode) F glom, AFE ol MuwH 2 =dd BAR ool F . oE
= (<3}
T P

Eo], Al AF(510)& 1T0. 170 =¥ 7Zn0} &
A=l

A f718g FAEX (400)7F AR L Hcl'/—%‘(top—emission type)?l A%, A1 A=F(510) sHF-ol= WALHE S
EE RS O IgAdE & Y. odE , BRAE S BEE 9IS EEuEAD, 2(Ag), YAWND), &
Folg-ZdE- FJ(aluminum—paladlum—copper, APC) & F o= SYR o]Fojd 4 Q).

BEZ(UT0) Aol AL AFG10)9) PEAAE Gt WAF(4g6)0] AT WAFU0) S sadele] o
shel AL AF(51009) AL wF A,

gl

AL AS(510) el EF(530)7F BT, R, WFR(530)E = 4ol mAlE 270 o] de] s vt
A 5 oslen, ol gt frpdgriel 2 =(500) = WY T2E M 4 it

(53007 FAdE 71940 AR A2 A5(52000] FAE A2 AF(5200E EAG ] dHel] A8}
WA ghol Ml 2 =AY E-E o]Fo|A JiE(cathode)Z o] &E F Stk dE 5
(520)& &FHHAD, dE0g), dFE-rhilE FE(Alg) T of shuz ofFod & glrt

4
b4

A1 A=(510), FE(530) 2 A2 A=F(520)8 F71EFTho] 9 =(500)E o] E1t.

A2 AF(520) Ao, F FEo] fr|ddrele=(500)2 AFdE AL WAEy] Y, ARadolAF
(encapsulation film, 490)01 P ETE, ZAISHA] gkoy, QIAEd ol AT (490) Al FU5H, F715H F
7150 Ak AFE Aes FERE U ¢ oy, old AT A et

olat E wgo] AAld 9 HadE Z|Agt. 283 §7]3 AAldE B oao] o AAqYE B oano] &)

}
718k Aol A= AL oyt

(Aol

AAd 1

¢helo] 5x10 ~7x10 torrd ¥ WA, IT0 7|F (=) o AFFTUS, AFFSSWILL), FA I3
Z(HM 32 ZEAGH 2 AN FdFdd ©HE SABD, 4 wth £3)), AA5445Z(ETLY), AAF9=(LiF)
U ANLEE FAH R Fasle] frldgto] =8 ALl

T 62 A7) AFE fridgrie]l e =9 HIL1/BHBD/EILL ©f oluyA] ##& w24skgh o] tholo] 1sie]t},
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[0100]

[0101]

[0102]

[0103]

[0104]

SEE46 10-2027518

oy #aS kst A3k, A AR fr)dgrio]l o =elA ) HIL19 HOMO ol v =] @@=}k BDS HOMO olu =
de] ztol= 0.1 eV o]3to]ar, HIL1S] LUMO olf=] @z}t BHO] LUMO olWA] @l e] 2fo]&= 0.5 eV o]/eld
o & 6ollA, HAoR A HIL1S HOMO oA @™z} BD <] HOMO olA=] #@le] xfo]& 0.1 eV 0|3t
YER I, HIL1S] LUMO o= @3} BHE] LUMO oy =] #@le] 2poli 0.5 eV o] 4 Y-S YERIL,

orelo] 5510 ~7x10 torrOJ zl
S(HN 52

2L AEE

T 78 A7) AFE f71dgriol 9 =9 HIL2/BH4BD/EILL ¢ oA #H¥ME w2138k ouix] tho]ojzeolt}.
A HaS Hrhs Z¥, 3] A" fr1EETe] =04, HIL1Sl HOMO olvi=] @82} BDS] HOMO oy~
G e] zol= 0.1 eV 2338Far, HTL1S LIMO oy =] #@'¥ 3} BHE LIMO oluA] ##e] xfoli 0.5 eV muko]
Ark. = 7oA, FAHo= FAE HILLS HOMO o= &3t BD o] HOMO ol v a@l#e] apoli= 0.1 eV ¥}
S UbERJ A, HTL19) LUMO oA @3} BHE] LUMO oy =] #™e] xo]li= 0.5 eV v]wkelS vpelulth

oA, IT0 713 () Aol ATFUAS, o555 UIL2), A +3
gty HE EZBD, 4 wth =3)), JAFES(ETLD), AAFYS(LiF)
71 4F o) S =B A 25T

AAlel 19} Blale] 1oM ARERE Alwek 1 =A% Tt 2

HOM LUMO T,
O (eV) | (eV) (eV)

02
L
-4
e

HTL OQ 579 | —2.57 | 2.82
)

HTL 5.4 | -3.2
>
ETL 621 | -2.73 | 2.67
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[0105]

[0106]
[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

SEE46] 10-2027518

o1 51 ax HOM | LUMO | T,
O (eV) | (eV) (eV)
BH -6.00 -2.99 1.85
BD -5.617 -2.871 -
Ao 1. frjdtggoele = 54 HUL
AAje] 13 Blale] 1o A 717} AE frdFrele o] 5 54S FUtsigltt.
St7] 3 1ol AAle] 13 vl 19] f7|dFriol e dste] S AY-HARFEE, IE-AFEE, JE-9
FAFAEEEER), 78 54 714389
¥ 1
=T A} AoF-A B = I -9 Kokl E & T8
W) (Cd/p) (EQE) (hr)
AAd 1 3.7 8.0 8.1 50
Hlale] 1 4.3 6.5 6.8 25

Hlale] 1o A}g-¥ HIL2E 4
(vp) 2 (Ah9) =S BF HHWE}
(vp) 47 AES
T oA Zoli=
(AD) A7 43555 549 LU0 dvx @i Ja gy
A (Hate] 1914 F olyA] zol= 0.1 eV X33

F5 =29 LUNO oA
0.5 eV o]’dd (WaLd] 104

E =49 L0 oA eEEe 9ol EAjsk,
£ 0.5 eV mRtolt}.)

E =29 LIMO olvA] #iun ¢o &



[0113]

[0114]

[0115]

SES546 10-2027518

Hlale] 1oA, HIL29F &35 TAE BHS LUMOSHS] olUA] zpo]7}b zbolA A, HIL2E= ARk 71%50] of
oh. webd, Axh A RS (EML= BEBD) ol A te] obdl, AFFEZHIL2) 0 RE Yolsh oway egg
< 4o & k. olHE FUF vk AER JIFEFFTHUIL2) W E-EEe] F7tetd A3 EH

2 Agate] 249 TE 54S AAIAL, ade] £EE BEAE Ao nad,

ool B wge) ANdE FAo
@ % gk mebd, oleld WA W
Ao olad % 9 Aol

e Bye) N)eAe] 57
of ¥ wHel WAE HojuA g

pad

e 2
T
13
od o
o

Reol 4

100, 200, 300, 500: fr7]¥tgrio] o=
110, 210, 310, 410, 510: Al A
120, 220, 320, 420, 520: A|2 A
140, 240, 530: g

141, 241, 341, 351: AEF5%
142, 242, 342, 352: @A wrg=
243 AFTAS

244 ARFEZS

2450 AATF

340: A1 ghg

3500 A2 whg

360: AaAAS

362: N&g W3S

364: P¥ HIAWAZ

400: F71933 3

]:H

AA
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z=m2
100
+—120
B-EML 1142
140 <
HTL ~4—141
4+—110
=93
200
~+—220
EIL ~+—245
ETL +—244
2404 B-EML 242
HTL 241
HIL +—243
~+—210
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s=s5

—320

sT2

—352

(350)

—351

——364

CGL
(360)

—302

STH |
(340)

——342

——341

—310
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HO1L51/5004 HO1L27/322 HO1L51/0052 HO1L51/5016 HO1L51/5024 HO1L51/5036 HO1L51/5048

HO01L51/0054 HO1L51/0058 HO1L51/006 HO1L51/0067 HO1L51/0072 HO1L51/5012 HO1L51/5056

[FRIRBH A ApSe=
MZcH
KA FApSe=
MEH
IPCH =S HO1L51/50 HO1L27/32 HO1L51/00
CPCH¥%(=
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ShEBEEE Espacenet
HEGR)

Bl ENERT , F—BRENEABNEXS LNE BN, H
PAXHBTENE —BREORRENZE N ERENERALE. BEBEXK
KE  Hi B AEOEECEIAMBMNEGKABIENME , 2=
TNEBMBESEEREREMR , UREST B EFMENEZS FH
E (LUMO ) ZH FHEBREAS TEEEAMBIWLUMORES , HEE
BRRBEFMRNGS SBD FHE (HOMO ) et s TE & E4ms
HHOMORER HEEABEFIMBNEESEEN KA MNFEEEHE
MR B ESEE |, Z/EREMEHHOMORER S TE G =AM BN
HOMO#ESR , H BZ= & i E MR HOMOBER 7 I 3% K 18 25 # 8t
WHOMORER BT 1ZKTE , AitEEBZZ/NTF0.1eV , ZIEREME
HLUMORES & TIE & =4 H BIMLUMOBER , FfEEEZ ZKTF0.5
eV, ZrEHE ZMBHLUMOBERRHE T —MENRE-RE , ZE
NEAXZREDR TERT K BEFMEHLUMORER.
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