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T3 B owo oA el v A wal Al AS(210), HEE(240) 2 A2 AF(220)08 £ A
Jdgrhe] = (200) 5 MEFH o ®AG dHEe|tt, & oA, v B3R (240)v= FIFYSHIL, 243),
AEFES ML, 241) BN EF(B-EML, 242), AAFEF(EIL, 244) 2 AAFYS(EIL, 245)S X7},
47 fr71dgte] o E(zoo)ﬂ Zy Fo e AAg e ded b g

371 fr7lEgvel e B Hojw 27 oo M-S ek WH(tandem) TEE 7 S Sl

A FEelA, 7] BFF(142, 242)+ Al EFFo|a, 7] Al A5 E 7] A2 AF Abele A2 wFE
£ X3 Holx shty F7HH wERE v 2383 = Q.

T 4¥E B EHY oAAQl E o “‘]6351101] wel A1 A=H(310), A1 (ST, 340), A3FAA%E(Charge
generation layer, CGL, 360), #|2 ®33E-(ST2, 350) % A2 A=(320)8 E3Fets= F7]Eddrlo] 2 =(300)

MNeFH oz ©AG ddaLe|th, & 4 W A7) A1 EEE(STL, 340)= Al AFFESHIL, 341) 2 A1 3A
3 (342) S 29etal, A7) A2 3R (SI2, 35o)b A2 AEFEEZFHIL, 351) 2 A2 A A3=(352)2
EEk. mgh, A7) Al EgE(STL, 340) H A7) A2 weER(ST2, 350)% 77t Heo) welbs FE3EdE,
AReES, AAFHT 59 F715S d X3 & vk, A7 H71EErie] L =(300)9] 7+ &
of #3 AdAS A2 A& viep P,

A7) F71EgTe] L =(300) & Al EFE-(STL, 340)9F #12 FF(ST2, 350) Atolof, Zhzhe] whagZoa] A
ste AR &8s T/, HetE dEeA 2 & JEFH WeAAd S (Charge generation layer, CGL,
360)0] fAgTE, ., A F(360) A1 HFH(ST1, 340)9F A2 LFH-(ST2, 350) Apolol s, A
1 gR-(ST1, 340)9F A2 FH-(ST2, 350)= AP (360) o AZAT. Hap8d35(360) N& Hat
AA5(362)7 P 34T (364) 0] 1AsHA SIASHA A3t PN-F3 HetBAEFTY = .

NG ASAHEGEDS AL WH(STL, 30)E FAES AAskn, Y ASFANE(60S A2 WYR(ST2,

BOE FHES AADE, AAAAFEE0S aE AHAAY AT D AT welse] AL B A2 W

(340, 350)°l A9} @ AFL FF3r},

15144

340)0] AAES F
£Z(351)& A2

= N‘:]

=,

r>~l

(362) A1 WFH(STL, 340)= AAHE FFskaL, Al A5(310)e] AT AL EFF-(STL,
ok, gk, PY AT (364)2 A2 EN(ST2, 350) = AES TEetal, A2 e
157(320) 0l 13 EH A2 LFH(ST2, 350)e] H&s &3t

N At S(362) 8 TAE-LHE AAvlog FAHoRN NI EAE 23 9 Ng 3AE 2248 33T

b



[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

on
J

£36l 10-2027512

L 12

. 5, NY de8AE5(362)2

vl Mg), 2EEZE(Sr), v Ba), ® Tj/‘rH(Ra)JJr e g %‘F/] v&ow g9
UAA|RE, olof] A gErt. N T2E FH2, HAAE ASY F de EE, dF 5], 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, ™ BAlq(bis(2-methyl-8-quinolinolate)-4-(phenylphenolato)aluminium), SAlg, TPBi(2,2" ,2-(1,3,5-
benzinetriyl)-tris(1-phenyl-1-H-benzimidazole), ZA}t]o}E(oxadiazole), Ed|o}ZE(triazole), Ht EE™
(phenanthroline), WA} (benzoxazole) TE WlZE]o}Z(benzthiazole) & o] Fo]x oA Adlyd oj= &}
U oloz olfold & glowl, ool @A et

o ™
al
4
k=
rl
4 2o o

i, N A AAT(362)S TAE-EHE AxgloR PAHA S § vk 5, NF A F(362)2
3 =HE 2 X g o= Ao

lil

Py HSAAET(364)2 P EHE 54 9 PY TXE %é}% EEE 4 Qvk. PE AT (364)> N A
SHA/8 5 (362) Sl wix o] N& HstIAS(362) % HFH x5 7KKt PH =
HEZDZF o 2-g EgtA o} =7 =t W ¥H(F4-TCNQ), HAT-CN(Hexaazatriphenylenehexacarbonitrile), ZNAFo}xIE
gedd 53 22 F71E e V205, MoOx, W03 53 22 55 EAR o|Fojd 4 AT, HE=A] o]q
AHe o] oyt PY s2E 24e, AETs A2 F de B4, & E°], NPDIN,N-dinaphthyl-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) 2  MTDATA(4,4',4-Tris(N-3-methylphenyl-N-phenyl-
amino)— triphenylamine) & o]Fo]Zl o4 MEE o= &} o]ds EF3= BEZRE o|Fojd F YA,
HFEA] o]of] g s = Ao oyt

7] FHAR e AN, SO B PA(ellor, N W F ek,

ahiel el Al AAFHGIA, Al ARSI, 340)E FAE waaln, A2 WHR(ST2, 350 FAuY
S HA(G), FRAGG, BAN) EE oA WBY > 9l

Q RN, A7 Fl gl LEE MAFE we) UMl AR, H4Q), FAB)] BYEHL 2
o el o= 4 gk, dlE Hol, 37 WA fUlRYriel o.mi AL MYH(SIL, 3U0)E B

S ubgelar, A2 WFE(ST2, 350)° dh}e] EAE gato], HAB) Y ARZ-(Y)o] B
goH, WARS FHY £ Qv Ar] WA tho]le o] FFAl Al WFF(STL,
FH-(ST2, %mﬂﬁ‘%%ﬂE%wléﬂzﬂwl°ﬂ 5V°]?ﬁﬂﬂ5$‘ﬂqq

og ke

3}

87
[} T = =70 J- ] = w fe] =
wee] morhe TN, 1w, 7] 1w el fiAse Y] flRgTele s R 4] Rtk ]
=] = A=
=

del=, T 55 ¥ I A AAFH TE frEd FAGAE AFH R EAG drkolt),

% 5ol AR vhe 2ol f7INY EAAU0)E 1A, 71U LEG00) S, f7)uTel 2=
(B00) % Pt AWEANHF(U0)E EFT = ATk, A7) ARLUIAFUI0) S T EF/F71EF/ TR
%& ERAE UF FEY £ AT, IBUOD AL TE AAY TF BUEQAAE()G, T b
WA 2E (1ol A2 718 rho] 2.2 (50007 917 gl

EABA ggkort, 710D ol Am wAkste] Ha99e Aolshs Aol WA deolg wa, Aol
w2 ElelE WA F ol shush BAS o) Aso) g o) WA, Al WA % doly wAe]
A5 299 BREAAAE, 9 WA R AfY e sEe o AT AdsE 2R AR
7t d gy,

TE MRERA 2 (1O 297 FHEAALEe] QAR , WEASUL)F, AolE AFUI)F, k2 A



[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]
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=(452)7 =30 AF(454)S >23hsi,

HEEA S (410)2 7]13(401) ol FA4%H, Atste vt=A]l =42 ofFojA Ay a4 Hdeder offold
Ak, WEAF(410)0] AFshE WHEA] EHE o]Fold g W=AT(410) Shels AR (E=AISHA] 25)
o] F4E - 9}2“’1 AR 2 A S (410) 0.2 Yol JAbE = A& WAske] RE=AF(401) 0] Hlel] o] s
dahe = A (410)2 A Ao offold = glon, o] A Hi:

o Aut(420)0] 713 (401) AW HAHATE. AolE dAwt
(420)2 A ZA4tstE e AgE2d3E7 22 Fr14A84d= o]Fo4d 4 9t}
AlolE AAuk(429) AFoles 257 2 2]
-g3ate] FAET. AClE HA=(430)2 ~9H HHEMNA| A~EHI ﬂ?‘a—ﬂﬁ}.
AlO]E HAF(430) o= AAEHAZE o
(440)2  AgZitstEoly ]ﬂf%l@r
(benzocyclobutene) o]t} EEo}=H (photo—acryl) ¥ 2 F7] dAEZd= IAE 4+ 9
T AA(440)2 HEAF(410)9] FS5ES wEF3E Al E A2 B EAS 29442, 44)8 ZEET. A1 ¥
A2 MFEA S ZHE(442, 444) ACE HF(430)9] UFol AE 7441(430)3} olAx o] ¢y,

SR AA(440) ol w5 22 =X SHE o]FolAE A dA=5U62)F =l d=(454)0] FAH
o A2 A5(452) % =9 AClE H=(430)5 THLR ojAHo] 94AsH, 247 Al H A2

~ =

WMEA S 2Y9E(442, 448 B3 MEAS(410)9] S5 HEFu, o AF(452)2 9] wjA (v =A]) el
AAdc}

W A2 (410) 3, AlOlE AF(430), A AF(452), = AH(454)L 5 UHEAANAEH (TS ol FH,
T SHEWZ2EH(Td)E HHEAIZ(410)9] ol AlolE A=(430), a2 A=(452) 2 =8 A=(454) 0]

A8 ZE(coplanar) TFE 7HRITEH

olsh @, 75 WHEAAAE(T)E WEAZ] sl AelE Aol 9xaa vEA )
S =9l AFo] 9Aelt o AEAL(inverted staggered) FEE A & Atk o] A9, MEAFE W
44 AgEow olfold & vk, FH, 2914 MuhE A AE (M RA)E TE eEd s

il

%2 4 5 Aok

?.
A, fF7EF FAEA(400) = %71%%W°]°E(SOO) oM ABdd He Foshs A IHU60)E

% = ZHY 4

Sk, dlE Eol, A WHEE)E AA®, HA(Q), FAB) L WAW FL F5T 5 Aok o] A%, B

2 grekts A, %4 9 YA e BE sde] Zzte] sacde W Rysel ¥4w 5 gow, oF

Zzte] el AE e FRSaA s g Ude Le PEFHE f71BYrhl 0.5 (500) F AR BE

(5303 242t FRAA NAR 4+ Ak de) BEU60)E AWFoA, f1%F BALAU00)E F-AYE
[e]

A o, /LT LE HAGR (40007 B WY Bl B, 7
AA(440) Aol FE Frehs 2d BHU0)E AT 5 Ak
A(400)7F 3% BF B A9, Ae] BEE Wil 2E(50009] Y-,
= vk Qel=, A7 AHU0E 2 WA 5 me] FAz B4 4
1o EAS0) Qi WY TR L A BYvele=9 & gl

Ay o &

&

o
N

e

o
;1

a

o
S
(e w

B, T wtEAAE (M) 0] Eael A5 wEehs Se)l THEU)L 2t REZ(A70)0] TE
vpuE X 2 E (Td) & or] g4an,

T3(470) Aolle =49l FEEWU2)S T e AHEIAZEH(T) Y =8¢ A=Us4)o 4= Al
A=(510)0] 7} sh4 @ H= Eelvo] dddr.

I

2L

A=5(510)2 F=(anode)d = dom, A4 gho]l Wlwx & =d4d 2dE ofFod &+ dn. <=
5 3

1
So], Al A=(510) IT0. 170 & Zn0s &

et

g, 71 BAIER(400) 7 A wg W24 (top-emission type)Ql A9, Al H=(510) o= WA=
EE RSl oS dAE 5 du. dE 5o, i Ee A2 dFrE A, 2(Ag), YRAND), &

_11_
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[0086]

[0087]

[0088]

[0089]

[0090]

[0091]
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[0093]
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o F-ZebE-7-2 (aluninum-paladiun-copper, APC) §5 5 o= sz o]Fo]d 4= i},

Z(470) Aol Al AF(510)9] 7HAAEE U WaE(486)0] A HETH, WAZ(480)L 3tAg A
0}01 A1 AF(510)9] A4S =EAI71T

]1 A=(510) Zgol= 23H(530)7F P48, delz, LFF(530)L = 4o =AE 27] oo wFFE b
A g e, old me} fFrEgrie] 2 =(500)= WY 7x2E 7H s

33 BA4E 7101 ARZ A2 AF(520)00] FARG. A2 AF(520)e wAGe] Ave] 9145}
W AR gel Mt Ae a4 BAT olRold ALC(cathode)E o5 & Atk AE Sol, A2 A7
(5200 FFEAD, PhdlE0lg), FFuE-rhle FE(ANg F ol she o]Fold & k.

T
=
J
4m
—~
o1
w
=]
~
N

-

A1 A=(510), LFH(530) F A2 A=F(520)2 F7]EPr}o] L =(500)5 o] &uf.

A2 AF(520) Ao, QF FEo] frgte]| e =(500)2 HFsE AL WAy &, AREd|AE
(encapsulation film, 490)¢] @A HTE, Z=AISHA] ko), QEH ol AS(490) Al #7153, F7159 F
7150 oAk AFH Aes 7ERE UM ¢ oy, old A e

g ol AAle] 2 HndE Z]AgeE. 1Es )8k AAlds B odyol o Aajo it B odlyo] 3}

os &
718 Aol @A = AL oftt.

(AA )
AN 1
oteo] 5x10 ~7x10° torrel FE AWIA . 1T0 7|9 (o)) Ao BERAZ AFFES(HILL), AN 23

)= ;((5] h
g ZHE BZHBD, 4 wth =3)), AAFES(EILD), AAFHS(LiF)
& A&t

T 62 A7) AR fr)dgtio]l 9 =9 HIL1/BHBD/ETLL ¢ oux] #@™S =233k o« tho]o]1slolt}.
X gls Hrsk Axp, A7) AFRE frlddtiel e =oA | HTL12] HOMO oy A &'z} BD €] HOMO A
Glo] xpol= 0.1 eV o3kt & 6olA], Aoz ZAE HIL1e HOMO W= #@'#@x} BD 2] HOMO ou=|
gHe] Aol= 0.1 eV o]atd S e

Hlald 1

F

relo] 5x10 ~7x10 " torrdl AE AEAA, 110 7]% (=) Ao FEFUZ,
(AN 52E ZAGBH 9 ZAA #3903 cHE SFBD, 4 wth £F)), AxEE
[e) E
o

% AXEE EAHoR FHsel A4S

= 78 A7) AFE fEEdel = o) HIL2/BIHBD/ETLL 9] olux] @ds =238k o x| tho]o]z#le]t},
A HAS Hrpsk Ad, A7) AZE f)dgvie] S Ee A HIL1S] HOMO ol uvi=] &%} BD <] HOMO ollu =]
ge] xfel= 0.1 eV AT = 7oA, Ao FAIE HIL1S] HOMO oy @l BD © HOMO o]
gel zpol7k 0.1 eVE 23S Yehd

o

-

TEEZ(HTL2), A O3
=

O -
(ETL1), AAF=YS(LiF)

4

_12_



[0097]

[0098]

A6 19 e 1004 AFER Amet 1 B e 2.

ox o HOM | LUMO | T,
O(eV) | (eV) | (eV)
H1TL O ‘” 579 | -2.57 | 2.82
L
&
HgL %%S -550 | —2.42 | 2.52
ETL -6.21 | -2.73 | 2.67
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[0099]

[0100]
[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

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

BH -6.00 [ -2.99 | 1.85

BD -5.61 -2.81 -

Ao 10 frlsdrele s 54 w7t

AA ) 13 vjmel 1614 77 AlZE f7)EdTel e me] 75

SEE46 10-2027512

SH7] & 1ol AAlel] 13} vlale] 19] fr|dgriole e diste] SAHE AY-AFEE, J=-AFaE, =9
FSFAa&(EQE), 9 5A4& 71 AT
I 1
7 Ak Ad-AFI= o Hgta s T8
(V) (Cd/A) (EQE) (hr)
AAA 1 3.7 8.0 8.1 50
Hlnlof 1 4.8 7.2 7.1 30
Hlald] 1o AREE HTL2:= A Al 1o AF&% HTL1e] W3] shallowdt oYX #lle 717 EAojolA, 3}7] %

7 (2HE e

(2h) 471 Aer 49 HOMO olv=] #d-e
of EAstH, F olulxe] AFeli= 0.1 eV o]ty (W]l

A==
T

Hlalef] 1oA, HIL29} 3= BHSY] HOMOS})

_14_

ol L]

zpol 7k AXA,

PP SHE 249 HOMO oly=A #@E
d 1914 F oA Aol= 0.1 eV ZF}3IT}))

gzoz 4

ny 9

ol



[0107]

[0108]

[0109]

SES46 10-2027512

o9tk webd mxrel FEAste] F5eA Bk,
ol vjie] 18 AAlel 1o] wa) e $Ee walr)

ol B wde) ANGE FHom AWaAAW, Tl 7 Freld tidd WA wae 7
& 5 ok mebd, old@ wWAs WPe] B owwel WSS Mol g @ ¥ ¥wel WE uol myus

Ao® olgd 4 & Aot

Rso HYF
100, 200, 300, 500: +7|&Frjole =

O}

il

110, 210, 310, 410, 510: A1 A

L
Sl

120, 220, 320, 420, 520: A2
140, 240, 530: g3

141, 241, 341, 351: A&FEZE
142, 242, 342, 352: HA @P=
243: AEFYUT

244 AAFES

2451 AAFAF

340: A1 @HF

350: A2 @hgR

360: AL S

362: N8 H3 S

364: PY ASABAS

4000 7183 FTAEA

_15_
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B-EML T 142
HTL 4141
+—110

~+—=220

EIL 245
ETL 4244
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Erig
300
~+—320
~+—352
ST2
(350) 1 351
>
+—364
CGL
5
~+—342
ST1
(340)
~+—341
+—310
zu5
400
500
—
452 454 472 470 510 570 520
L\ \ 3 ——490
| ) J R Rt Ransnannann ~F-480
| - /"*Jig | | 470
S —L RN N 1T
| (/ NN ) j'A44O
| _ +—420
|
|
| |

442 430 444 410 Td
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Axld
IPCHES HO01L51/50 HO1L27/32 HO1L51/00 HO1L51/52
CPCH %= HO01L51/5004 HO1L27/322 HO1L51/0052 HO1L51/5024 HO1L51/5036 HO1L51/5056 HO1L51/5203
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