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1.

A PRGN, A7) AAFEZWIL, 144) B2L Aeve Ade] 249 5 3
& SRl £ o|Fold

Hed oz A7 AALEZMHIL, 144)S 747 dze] 34 we 22 E
= X*XF?%?(HTL 144)9] =HE=R Algd wﬁ AE R

T z = w5 < ZEli), HEF®Na), ZFEEK)
2 AlE(Cs)oh 22 &7 & g/Es vkadla(Mg), 2EZH(Sr), H}H(Ba) 1“Jr%(Ra)JJr T Gy Es
& EesAN, ol f&?ﬁﬂﬂ Fevh Y 55 Ee YR 25 S9ES iz 1 WA 20 T3

M= A7bE S A, ol dgEA et

B

WHR (U0, AgFon, FFFUSUL), AAFAFEL) $& Do wet 443 15 o4 ¢

AEFAZHIL) LS Al A=(12003 AF5FE5=(142, HIL) Alole] 9x3 4= 9o, A7) AFFYZSHIL) S T
Z1EQl Al AF(12003F {7180 AF35E53 (142, HIL) Akel9] AW E54& A7),

o= £, AETFYSHIL) & 4,4" A"-Ef2-vEddadetv ) Egld dolwl(4,4' 4" -tris(3-
methylphenylphenylamino)triphenylamine, MTDATA), X &= AJobd2](copper phthalocyanine, CuPc), E&|2
(4-7hpzd-9-<d-Hd) o}l (Tris(4-carbazoyl-9-yl-phenyl )amine, TCTA), N,N'-tj#|d-N,N'-v]2=(1-1=E)-
1,1'-v}o]Hd-4, 4"-t]o} (N, N'-diphenyl-N,N'-bis(1-naphthyl)-1,1'-biphenyl-4,4"-diamine, NPB, NPD),
1,4,5,8,9, 11~ felRtEg] | d Al H ALt R U ER(1,4,5,8,9, 11-hexaazatr iphenylenehexacarbonitrile, HATCN),
1,3,5-EdA[4-(ddolr| =) A 1WA (1,3,5-tris[4-(diphenylamino)phenyl Jbenzene, TDAPB), =%](3,4-°l

AU SAE o H)Z e A~ 2= 4|0 E(poly(3,4-ethylenedioxythiphene)polystyrene sulfonate,
PEDOT/PSS), 2,3,5,6-HEHZF2-7,7,8, 8-HEZA o} = =t € (2,3,5,6-tetraf luoro-7,7,8,8-
tetracyanoquinodimethane, F4-TCNQ) , /=



[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

SIHS3 10-2019-0076485

N-(H] 3 d-4-)-9, 9-t] | & -N-(4-(9-5 4 -9H-7Fu} £-3- ) 5l ) -9H-2F & & -2-0} ¥l (N-(bipheny-4-y1)-9,9-
dimethyl-N-(4-(9-phenyl-9H-carbazol-3-y1)phenyl)-9H-f luoren-2-amine) SolA A&E = o= o] E4&
25E 4 Q.

AATFAS(EIL)2 AAFES(ETL I A2 A5(120) Atolo] XS = 9, Ak F=94S Y& 3=
S 3l dE 5o, AAFYS(EIL)S LiF, NaF, KF, RbF, CsF, FrF, BeF,, MgF,, CaF,, SrF,, BaF,

P

RaF, 59 <4zt dgfol=A &4 W/mEE Liq(lithium quinolate), @& WZo|o]E(lithium benzoate), AF

2 glolgl o] E(sodium stearate), Alqs, BAlq, PBD, 23}o]2-PBD, TAZ 59 §714 4% 2838 4 9},

T 38 B oo o A]F el g2 AAE el wal A1 A=(210), EFE(240) D A2 AZ(22002 EEE H

71 Tlo]  =(200) 5 A o7 EAE wEEo|th, L 304, Ay WER(240)E AETFYS(HIL, 243),

AEFE5S ML, 241) A 9335 (B-EML, 242), AAGES(EIL, 244) 2 AAFAS(EIL, 245)S EF3).
-

47) 71 Eg o) . E(200)9) 7 Fol Ba AAF APe A% vheh gk,

47) R YT LEE Aol 2] ol4e] WHRE EFHE W (tandem) TEE 4 5 A,
A FAANA, 7] WR(142, 242 AL BolT, B7] AL AT W 7] A2 AT Abele] A2 Wy
g TP Aol shie] F/4HQ WPNE O £FE & Ak

T o4e B ouge] o AHQl v AAF e wet Al 715(310), A1 EFH-(STL, 340), A&t S(Charge
generation layer, CGL, 360), A2 2FH(ST2, 350) % A2 AF(320)2 E33l= F7]dFrlo] 2 =(300)=
NEFH oz mAIE gduzolt, & 4oA, A7) Al (ST, 340)= Al AFFEESWIL, 341), A1 FA
WgS(342) 2 Al AASFES(EIL, 3445 Edelar, A7) A2 $EE(S12, 350)% A2 AE5ES(HIL,
351), A2 AW wrag=(352) 9 A2 HASFEZ(EIL, 354)2 E&sch.  mweh, A7) A1 23F(ST1, 340) 2
A7) A2 EFE(ST2, 350)= 4z Ao wEtd AFFAF, AEFES, AA54ES, AAF9F 59 #7)

H
EFT 5 Ak A7) S8Rl 95 (30009 7 Fol #E FAT AW A& whsh 2ot

of o:
o
Anj

A7) F71Edg o] L =(300)E A1 LFH-(STL, 340)9F #12 ¥HFR-(ST2, 350) Atoleof, z4zhe] whgZola Ay

st AF{ a8&S TV, AstE dE8sA 2l 4 J=H A4 S (Charge generation layer, CGL,

360)0] A%t =, ASFHAAF(360) A1 FFE(STL, 340)9F A2 LFF(ST2, 350) Abolell A3k, A

1 335(STL, 340)¢} A2 335-(ST2, 350)= A3 (360)e] 93] dZdE. H3BPS(360)> N3 s}

324 5(362) 2 P AT (364) 0] ARsHAl HAeHAA A3 PN-H3 AW ETE 5 ATt

N& A5 (362)2 A1 EFH(STL, 340)E FStes Astar, P A5 (364)2 A2 EFF(30)E

gl s A sy, AL T (360)2 H3E AT AY AF L AR EEste] Al 9 A2 #35(340,

350)00 HAfe} R HAFS FF ).

=, Ng HsAE S (362)2 A1 LFH(ST1, 340)= AAE F
Z A=

s N
=] RS
A AT (364) A2 LFH(ST2, 350) = BES awsti, A2 AF3F
KR

x|l o

340)°l HAAE FFIh. 9, Py S

Z(351)S A2 A=(320) 0 A G A2 WHR(ST2, 350)0] HES &I}

NE A Z(362)L T2E-EHE A|2dog PAFHoZHN N EHE B3 9 N3 TA2E 248 ¥
F Ut N Z¥HE BFE FU1ER o Al F 2 A2 £ 34 EBE Ax YT F UdE fE e
o5 EFEYU 4 k. dF B, N EHE BAE A7 g4 2 7 EFE T oL syl $= 9l
o =, NE AsAE362)L FEWLD), YEFNa), ZEK, Tt AFCs)d 22 7y &4, e v}
Tdl$E(Mg), 2EEH(SH), vHEF(Ba), EE T (Ra)3 2 27E] EFHoR =949 f7]FoR o Fod &

AARE, ofell FAHA Ferh, NP T2E BAS, AAE A9 F e B, dE 501, 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), SAlq, TPBi(2,2" ,2-(1,3,5-
benzinetriyl)-tris(1-phenyl-1-H-benzimidazole), $A}t]o}E(oxadiazole), E&|o}Z(triazole), Ht EE™
(phenanthroline), WZAlZE(benzoxazole) & WlZE|o}Z(benzthiazole) & ©]FoZ oA A o &}
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[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]
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L o] oz o]Fojd 4= glom oo IAHF A grth
e, Ng AT (362)2 TARE-EHE A|xHoR FAEZR S 4 Q. S, N&E A S(362) N
g EHE 528 ¥4 &8 & db

PE A AET(364)2 P =HE B 4 PY 32E EH& X 4 k. PY 3BT (364)> NF A
M (362) f1oll WX o] N A8 T(362)7 FdE F2E 7K. PY EHE 2L 55 AEE,
HEZZF o 2-H EdtA o} =7 =t W ¥H(F4-TCNQ), HAT-CN(Hexaazatriphenylenehexacarbonitrile), 3NAFo}xIE
gdudd 53 28 fU1E e V.05, MoO,, W03 53 2 F5 2 E o]Fojd 4= YAk, Ht=A] o] 34
¥ Aol obltt. PY T2E 24, Aes A2 F de B4, odF S°], NPDIN,N-dinaphthyl-N,N'-
diphenyl benzidine)(N,N" -bis(naphthalene-1-y1)-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) Z ©]FoZ oAl MEE o= Fh} oS XEsE BAE o|Fojd F AR,
HIEA] o]of] A E= Aol oft},

7] A WHRE AAR), HA0) = FA(Yellow, VS BFT 5 vk,

el oAl AAFEelA, Al WAR(STL, 3400 AAS wAe, A2 WHR(ST2, 350)E FAuT &
A9 %), FEAGNG), FAY) EE oA WA gl

EE MAFS Wl AN HAR), HAG), FAB)Y FHEHLS 2

A 71%@01359-__1 oAk dlE Bl AV WA fUugTeleEE AL WHR(STL, 3400 H4)

#apa, A2 WAR(ST2, 35000 el EoaEel Awg mHES yikalel, FAM)T ARV W

2ES gomA, WAYS FAY + A WA flmgThel e Al AL WYR(SIL,
o

2 HFN(ST2, 350)0 A g = Fe] E9 &kl o8] WA Fo] A H= Flojt.

:(o
>

e, E 5 W wwe] dAHel AAFe] B f70Y BAFAE NFHon BAS duEel,

T 50 EAE ube} o] fr1ekE EAIEA(400)E 714003, F71egtlo] @ =(500) 9k, F71egtieo] o=
(500)E &= AAEd AT (490)S 28E 4 o, 713401 Fole T5 24 F5 SHEWRA2~EH(Td)
oF, FF SHEAXAE (T AZAEE= F71d3tle] L=(500)7F =]},

EASA ghgkor), 710D At AR mase] Ha9ee Aolshs A= WA deoly wial, A=
WA wlolE WA F ol shiksl WA olAHo] dAEE Tk WA, A= WA % wolE WAl
Avs 2909 wEdA sy, B9 Md % 297 SeEdxsge] O AT ddne 22 AN
R EEEN

T& HHEWAAEH(T) = 2% SFERA~H Adss, H=AF(410)7, AE AF(430)7}, 22 A

F(452)7% =81 A5(454)& £},

W= A 5(410)2 719H(401) Zdoll A=, AbstE NieA] AR o|FoXAY tAH AgEoR o|Fojd

ATk, WHEAF(410)0] AHEHE wWba] BA R o]Fold g WA F(410) dHFele ‘}%EHEJ(E*WX] 25)

o] b‘é*é%‘ T %Eﬁl 2o Ee MEAS(410) 22 Ho] QJAlEE AL WAt WEAS(401)0] "ol <]
EAS(410)2 oA HdEEeR o|Fod F& glon, o AS Wik

H

=g5o] e o v

HFEA 5 (410) ol dAdE8dR o] Folxl Alo]E dAH(420)0] 7](401) Aol GG, AlolE dAq
(420)2 Aej2ste £e He2dsted 22 FUIEAEEE ofFod 5 JUHh.

AOlE A (429) ol 53 22 =84 S22 o]Fox AlolE d=(430)0] WH=AIT(410)9] T4l
gkl FAET. AlolE A5(430) 293 M EMA L AAHH.



[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

SIHS3 10-2019-0076485

AGIE A=(430) dF-ode AAEARZ o]Fojz F7F AAub(440)0] 7](401) dHe] FAHATY. S+ At
(440)2  AgEakslEolyy A EZAEy e Fr] HAEEAR  FAHAY, wRAlo|Fz R
(benzocyclobutene) o]t} EEo}lT ™ (photo—acryl) 3 #& #7] B4R JA=E 4 U},

7 AAT(440)S WFEAE(410)9] YSE &= Al 2 A2 v EAS FUE (442, 444)8 ek Al "
A2 A E ZEE (442, 444)8 Alo]E H=(430)9] UZol AlolE HA=(430)7 o] A FHo x|z}

T AAT(440) BollE w5 e EHA BAR olFoAE & A552)3 =)l A=454)0] FH
th &2z AF452)3 =Rl AF454)2 AolE AF430)S AR oA fxsH, ZHzh A1 R A2
AT FEEU42, 44)S T8 TEATU10)S] FHI HEHIAT. 2 AF(452)2 T (=D

WA Z(410) T, AloE A=(430), A2~ A=F452), =89 A=F(454)2 T5 WHEMAAE(Td)E o] FH,

T5 SHEWAA2H(Td) &= FHEAZ(410)9] ol Alo]E A=(430), 42 A=(452) 2 =390 A=(454)0]

HAeh= ZZEE(coplanar) FF2E 7HAH-.

olet 2], & WHEMAAE(Td)E WHEAZFY s AoE HIFo] et WtEAFe] AR £~ A

34 =<l Aol fXse 9 A= (inverted staggered) 7%E 7Hd & Aok, o] AS, MEAFS H]
el

44 AeEoR olFold & Ark. #W, 293 WHEANLHEEAE FF FENA

o FAdY FxE M F At

g, f7IEd AR (400)= 7Tl L E(500) 0 AR BlE Fashs A AEU0)E ¢
k. g 5ol A FEG60) = AM®R), (6@, FAB) R MAW G F5L 7 Ao o] B9, &
= wehe AA, A R A e gH el e sade MR wEHe 349 g glen, o
Zzkel e gAY Ade Festaat ste s g Bl WEshe frlRETel 2 =(500) F9 f71RET
(530) 3 7tzh SREA wiAE 5= Qlok. A dE460)E AHFFeRN, frIwE EAEA (4000 E-ERE
TaE oA

dE =01, VIR Tele s EAEA(400)7F s dd BRIl B, Al Tel 2. =(500) el di-eshe SRt
AAT(440) el S Fshe dE BEHU60)7E AT 7 slvk. ARAQl AAFEAAN, G ZAY
A(400)7F 24 g BRARD -, e BE i el . 2(500) 9 A, F A2 A=(520) el fAR
= odrh dElE, He dEU60)E= 2 WA 5 me] FAR F4E 5 vk onf, frdgrie] 2 =(500)%= &

1ol EAH] i R RS A A Tl emd S e,

3, P UHEMAAEH(TD) Y =d9l AF(454)S =&F3te =g SEE472)S 2 B3 3(470)0] 5
st E P ~H(T)E gor JAdH),

_{

335(470) el =dd 292U72)S T3 75 HHEAAE(TD) Y] =8l dA=(454)d dAEE Al
A=(510)0] 7+ sl4 g ER Fel¥o] FAgH).
A1 AF(510)2 F=(anode)d & dow, U4 gho] vud 2 =14 BHE o]Fod F 9u. dF
9, Al A=(510)2 IT0. 170 E+= Zn09 #2 54 ZHAg B2 o|Fojd ¢ 9t}
s, F71E EAFA(400) 7F - 2 w2 (top-emission type)? A-, Al #=(510) dHol= WAL S
T owbZo] §e AW 4 QU o2 Sof, whlAT mi uhalZe ormulR(Al), S(Ag). YUAN), o
Fr)E-Z & 5-79 (aluminum-paladium—-copper , APC) I T o suRE o]Fod F 9]

BESUT0) FolE AL AF(G10)9] AT D= WAF(6)0] FHAL. A0S HEgl S
spof A1 AFG10)8 FHE wEAUG

Al A
1

=(510) Aol&= TFH(530)7F FAHY. dH=2, HFH(530)2 T 4o TA|H 27| o]de] HFHEE U}
ow, oo w} FrEFte] 2 =(500)E MY F2E /M 4 .

W EL(530)7F EA W 713(401) ARE A2 AS(520)0] FAET, A2 AS(520) TAGG A %
v A glo] HlwA e =HAg EHR o]Fo)A4 AMMAiE(cathode) R o]8d 5 Ut} dF £, A2 A=
(520)& d2u)H(AD, vFaulgOle), S E-rtaulg 2 (AlMg) = o= U=z o]Fold 4 9l

|

PN
T
\:]
-

Al A=(510), FF(530) H A2 AF(520)2 F71LFTIe] L=(500)E o E}.
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[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

SIHSd 10-2019-0076485

A2 AZ(520) Ao, 9 FEo] fFr|ddtel2=(500)2 AFsIe AL WAEy] Y, AfadoldE
(encapsulation film, 490)¢] FAJET}, Z=AISHA] ko), JAAEH|AZ(490) A1 #7153, {7159 F
7150l &2k A5d Aes T2E UHPE § Qo oo AR ket

ojgt & e AAld B nudE ZAGY. 8% s AAlde 2 dge] I A 2 dgo] 3
718k AAldo] FAF= AL oy},

(AN )
A 1

eFelo] 5x10 ~7x10 " torrel A AWAA, 110 71% (h==) Aol ATFYZE, ATFEZ(UILY), d4 23
(A s2E BAGH 2 A (0P 2H1E ZARD, 4 wib £1)), AREEZ(EILD), AFEAE(LIF)
9 ALES sHoR ZHee] §r]RBTio) o =S A2EY ).

T 62 A7 AFE f7)@grio] 9 =90 HIL1/BH4BD/ETLL o] oluy#] #M-S w2358k o= tho]olrelo]t},
A #RBe Jrrst Au, ] A Grdgrie] S EeA], HIL1S HOMO oY= ==} BD ¢ HOMO <=
gl Apol= 0.1 eV o]sfe]ar, ETL1S] LINO oly=] @@=} BD o] LUMO ol =] #@e] zto]= 0.1 eV o]&te] 2
. = 6oﬂA1 Aoz TAE HIL1S HOMO oAl ™z} BD ¢ HOMO olud=] @l®e] Aol 0.1 eV o]atd S

Ve A, o2 FAE EIL1Y LUMO oA @@= BD ¢ LUMO oy #®e] xfo]:= 0.1 eV o]3te e}
LUA=

Hl 3] 1

o}elo] 5x10 ~7x10° torrdl AF AWo|A, 110 7% (cfwt) o] BEFUS, AEFEZ(HIL2), A 23

s, 4 el
g =d1E 246D, 4 wth =), AAFEES(EIL2), AAFTAS(LiF)

At

T 78 A7) AFE f71dgriol 9 =9 HIL2/BHBD/EIL2 ¢ oA #H¥E w2138k ouix] tho]ojzeolt}.
oz #Hs #Hrsk Axt A AR frldgrel =, HTL19 HOMO =] @l'¥xt BD 9] HOMO oA
gAe] AJolE 0.1 eVE 2338k ar, ETL1S LUMO =] @83} BD ¢ LIMO oldA] #e] 2ol 0.1 eVE
H3FE et = 7oA, Ao FAIE HTL1Sl HOMO olv=] =¥} BD 9] HOMO oy =] @l#e] x}o]= 0.1 eV
F3S Yo, FHAo® FAE EIL1S LUMO oAl #¥ =} BD ¢ LUMO oly=] @™o xfo]= 0.1 eV 233t
= vEhdn.

=
=
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[0107]

[0108]

AAlel 19} Blalel] 1o ARER Almel 1 =A% tet 2

SIHSd 10-2019-0076485

s 5 HOM | LUMO | T,
OeV)| (eV) | (eV)
O O
H1TL %O -5.79 | —2.57 | 2.82
DCO
Hgt %{:}—{}; | -5.50 | —2.42 | 2.52
()
ETLT -6.21 | -2.73 | 2.67

_14_



e 2% HOM | LUMO | T,
O (eV) | (eV) (eV)
ETL2 | =\ O O O -599 | —2.98 | 2.1
BH QQ 8 O -6.00 | -2.99 | 1.85
BD -5.61 | -2.81
[0109]
[0110] Aslo 1. fr]urgt}o] E4 Hrt
[0111] AAle) 13 wlae] 1604 2H2E ARE frlEgrel e s g EA4S Brhe )
[0112] 7] F 10 AA 1 14 vlue] 19 frdgtle] o= tele] HAHE AS-AFLE, Ie-AFas, I=-9
B g&(EQE), &4 EAHS 7IAsA Y.
X 1
[0113] T At Ag-ARdE - gAas 1
(V) (Cd/A) (EQE) (hr)
A 1 3.7 8.0 8.1 50
Hluld 1 4.5 6.0 6.2 30
[0114] Hlalo] 1o AR HTL29F BHSFS] HOMO oA @l Z}o]7} AA|d 1o H]&] a1, TLZ«] LUMO ollu=#] #lo]
BDS] LUMO oY A] Rt o Qx]o k. 2 Ay, vjue 12 37 21& 25 s,
[0115] (mh) A7 AFTES 2242 HMO olyA] e 7] AA Jagukd THE 729 [OM0 oluv#] dEH ¢
of EA18tH, F AUA9 Zel&= 0.1 eV o]t (MaLd] 1014 F oy~

apoli= 0.1 eV Z3batet.)

SIHSd 10-2019-0076485



[0116]

[0117]

[0118]

[0119]

SIHSd 10-2019-0076485

(AP 7] AAFES =49 L0 duA] dde A Fgdgd SHE B4 L0 oyx] #dnc 9o &
At | F o9 xpo]= 0.1 eV olatd (o] 194 F = 0.1 eV 233}))

7] E 19 AR, v 1 A 19 sl TF 54 dAeln, 249 £ oA FE AL #

)]
pos

0O

It
A<
gk 4=

ML B owne] MAdE FAO
T 4 glek, miebd, olel@ WA W

Aoz olgfd ¢ & Aot

Roo] H9
100, 200, 300, 500: 7|2 riolo =

110, 210, 310, 410, 510: A1

2
i

Bl

120, 220, 320, 420, 520: A2 A
140, 240, 530: g

141, 241, 341, 351: AEF5%
142, 242, 342, 352: @A wrg=
144, 244, 344, 354 AAFEZ
243 AFTAS

245 AATAHS

340: A1 ghg

3500 A2 whg

360: HaAAS

362: N& MBS

364: P¥ HIAWAZ

400: 71 BEA A

_16_
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el
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= e T
T | =
m 1 o o
i = & |d i
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S @ |2 |2 5
= e — =
-3 @)
= T
= Ikl < Icko o
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EH2
100
+—120
ETL ~+—144
140 - B-EML +—142
HTL 141
~+—110
EH3
200
~+—220
EIL 245
ETL 244
240 1 B-EML 242
HTL 241
HIL 243
~+—210
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[

—320

——354

ST2 |
(350)

[

——352

——351

CGL

——364

(360)

——362

L —344

ST1
(340)

—342

L —341

—310
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£
400
500
—
452 454 472 470 510 5:?0 520
L ) | ] 1 —490
| ) AR R RaanDnRnaD 1 —480
| —=r ' ]
7 AN N R
| { = ) ﬂ/‘440
N < ———420
| |
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