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diphenyl-N,N'-bis(3-methylphenyl)-1,1'-biphenyl-4,4'-diamine, TPD), NPD, MIDATA, 1,3-H]2=(N-7pu}&3)
WA (1,3-bis(N-carbazolyl)benzene, mCP), CuPC, TCTA, EZXA(EZZFen|ddH=2)-EgA~(4-FIutxd-
9-d-wd)o}Hl(tris(trifluorovinyl ether)-tris(4-carbazoyl-9-yl-phenyl)amine, TFV-TCTA), Ez~[4-(Y
odolr ) s d ol (tris[4-(diethylamino)phenyl lamine), N-(H}o] | d -4~ )-9, 9-t] W & -N-(4-(9-5 < -
OH-7HiHE-3-) #ld ) -9H-& F 2. d-2-o}71, Eg-p-EZolWl(tri-ptolylamine), N-[1,1'-#Hlo]# d ]-4-Y-
9,9-t] & -N-[4-(9-5'd-9H-7hkE-3-2) ¥ d ]-o} 1 (N-[1, 1" ~bipheny1]-4-y1-9,9-diMethyl-N-[4-(9-pheny -

9H-carbazol-3-yl)phenyl ]-amine), 4,40 2~(N-7}eE2)-1,1' -vlo] #H d (4,4 -bis(N-carbazolyl)-1,1'-
biphenyl, CBP) /= 1,1-8] 2= (4=-(N,N'-t] (p-E &) ol ) | ) Alo] 2 & AH(1, 1-bis(4-(N,N'~

di(ptolyl)amino)phenyl)cyclohexane, TAPC) GO =& o]Foz oA HAEEHE o el EFZ o]Fojd
T Ao,

A FAolA, 7] AFFEFTHIL, 141) E24ES 33 2]3hd ofvlsstE o

e
pass
il

&7 @A g (B-EML, 142)2 HA S2E Sd4BH) 2 A d3dd =4

m
i
i
=
A
tlo
kel
i
)
i)

d FHAAA, A7) AN T2E EHBH)S gQEHA Ade EAS X3 = o, FAHoRE, v A
Z2E EABHS 9,10-9-(2-U=8)etEe}A(9,10-di-(2-naphtyl )anthracene, ADN), 2-EJE-¥E-9 10-T]
(2-U=g)etE LAl (2-tert-butyl-9, 10-di (2-naphthyl )anthracene), 2-1El-9 10-t](2-1} = el)otE e} Al (2-
methyl1-9,10-di(2-naphtyl)anthracene, MADN) % o]|59] Zgo g o]|Fojxl FoZXE AdH s ¥x3gs}
= 34 g3 325 EACBDHY 4 A

d FHAAA, A7) AN FFAY ZHE EFBD)S Fdoldl ofl A EAS EFAS s 4 Quh.
Aoz, A7 HA Fgdd =4

] = 1,6-Bis(diphenylamine)pyrene, TBPe(tetrakis(t-
butyl)perylene) S ZFE Aag 4=

= EAE)E
51, 2 olge] &l e, ol wAsA e,

A7) A WEEBEL, 42)E 37 34 @y SHE BAEDS 1 A 5 ows dHoR 2dU S
ek, 7] A RFFEEL, 42 37 FF WA 37 34 FPrY SWE BAGDLS £Fdt],
S oUA de) 20 ERHOR WEG S YRS T 5 Avh. 7] 4 FPuY SWE BABDY
Fepol 4] welE Emshs 49 RHE BA wE &g WAzl uswdAe &f 7avt SeEv
W, 7] A GRY SHE BAED)) Gl 47 WY vinel 4%, BrEdM ERED ud A9
of ol A, Ret FEe] W SAS AA Faa WHFoA Furso] WAse] el 2am e o
2 4 ek,

A7) AAGESS(HIL, 144)2 A 33 (B-EML, 142)7} A2 A=(120) Aol YA 4 i, AR 555
L& st 9EE $.

d& 59, HAFSFSTWIL, 144) B4 SAHo}E(oxadiazole), E#|olE(triazole), HHE
(phenanthroline), Wl&A}&(benzoxazole), WZE|o}F(benzothiazole), WlZolH|tE, Egold T #
d Ut

TARSR, 7] HAAFESTHIL, 144)2 Alg3, 2-ufoldld-4-d-5-(4-E|M -2 Hd)-1,3,4-SAl] o} 2 (2-
biphenyl-4-y1-5-(4~tbutylphenyl)-1,3,4-oxadiazole, PBD), 2=3}o] Z-PBD, Bk HAzdolE
(lithiumquinolate,  Liq),  2-[4-(9,10-t]-2-Uz ety d-2-otE A d) 3| d |-1-3 I-1H-¥l = o] m| T} 2 (2- [ 4-
(9,10-Di-2-naphthalenyl-2-anthracenyl )phenyl ]-1-phenyl-1Hbenzimidazol), 3-(u}e]dd-4-Y)-5-(4-E] 25
g d)-4-3d-4H-1,2,4-E 2] o}Z(3-(biphenyl-4-y1)-5-(4-tertbutylphenyl )-4-phenyl-4H-1,2,4-triazole,
TAZ), 4,7-99d-1,10-#FEE9 (4, 7-diphenyl-1, 10-phenanthroline, Bphen), Efa(ddA sy
) (tris(phenylquinoxaline, TPQ), 1,3,5-EZ[(3-9&4d)-2A-3-L4 A (1,3,5-Tri[(3-pyridyl)-phen-3-
yllbenzene, TmPyPB) %/XE+= 1,3,5-EgA(N-dHdwllZo|n|t}E-2-2)HlAl(1,3,5-tris(N-phenylbenzimiazole—
2-yl)benzene, TPBD) T} 22 A} % EH=R o]Fod & .

A FAeellA, BF7] AAFESHIL, 144) =22 Jvd AL =49 5 vt
Adgidew, A7 AAeESHIL, 144)2 Z247) Gy 55 T e a5 spdeo] =g F o] ofFold
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[0070]

[0071]
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T AT, AV ARASFESSAIL, 144)9] EHER 21849 § 9 545 A8 5L, YEFNa), ZHK
2 AE(Cs)eF e 474y F5 L/xs vfadlgg), 2EEZE(Sr), vHEBa), BHERa)Y e d4ZAYEF
%5 ¥alA|u, old dWAHE A grerh. d#E] 5 e 9Z4EE I 3EES diFF 1 WA 20 S99

MER H7kE S AT, o)l @A W

47) WFR(U0)E, AEHoR, FFFYFMIL), AAFYFEIL) 52 Do uet 443 15 o4 o
¥T % vk
3

TTFYFHIL) S Al A=(12003 3555 (142, HIL) Abolol] X & vk, 7] BFFJSHIL) S F
71820 Al A=501200 3 #7129 BeFES(142, HIL) Atole] AW 545

& 5o, deFUS(HIL) 2 4,4' A"-EA3-vdddudoln| ) Eg]ddolul(4,4' 4" ~tris(3-
methylphenylphenylamino)triphenylamine, MTDATA), X®-=ZAJold+¥](copper phthalocyanine, CuPc), E# 2
(4-7purz U -9-A - d) o} ¥l(Tris(4-carbazoyl-9-yl-phenyl)amine, TCTA), N,N'-TJ#'d-N,N'-H]2(1-L}2E)-
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-AloxlEg) A d Al A7t LY EE(1,4,5,8,9, 11-hexaazatr iphenylenehexacarbonitrile, HATCN),
1,3,5-Eg|2=[4-(HHdolv] x) A d [l 71 (1,3,5-tris[4-(diphenylamino)phenyl lbenzene, TDAPB), 32](3,4-°l

AT A E o H)Ze A~ <=3 Y| o] E(poly(3,4-ethylenedioxythiphene)polystyrene sulfonate,
PEDOT/PSS) , 2,3,5,6~-HEHZF 0 2-7 7,8 8-HEZA o}l = =)W € (2,3,5,6-tetraf luoro-7,7,8, 8-
tetracyanoquinodimethane, F4-TCNQ) , /=

N-(H] 3 d-4-2)-9, 9-t] | & -N-(4-(9-= d-9H-7Fu} £-3- 4 ) 5l ) -9H-2F & & -2-0} ¥l (N-(biphenyl-4-y1)-9,9-
dimethyl1-N-(4-(9-phenyl-9H-carbazol-3-y1)phenyl)-9H-f luoren-2-amine) SolA A&F = o= o] E4&
25 4 Q.

ES
AAFAS(EIL) S AALES(ETL)H A2 A=(120) Atoldll /X 4= i, HApe] =48 4 s o
S Fth. G S S0, AAFYEZ(EIL)S LiF, NaF, KF, RbF, CsF, FrF, BeF,, MgF,, CaF,, SrF,, BaF, ¥
RaF, 59 &z ddelol=d &2 /T Lig(lithium quinolate), #H WZFolo]E(lithium benzoate), AH

Hlol#| o] E(sodium stearate), Alqs, BAlq, PBD, 23}o]EZ-PBD, TAZ 59 F7|A E4S& ¥ 4= ).

32 B atgo] oalAHel o2 AA e wel Al A=(210), FE(240) 2 A2 AF(2200E £
o] 9 =(200) 2 MFH o2 TAE duzolt, & 304, Av] SEE(240)E HITFASMHIL, 243),
&S (HIL, 241) A w33 (B-EML, 242), HAFEF(ETL, 244) B AAFHYS(EIL, 245)S EFsir).
A7) 7 Eg o] 2. =(200) 2] ZF Foll B3 GAE e Hedk uhel 7t

o N K1

ke

47 Ryl oEt Aol 27) ol4e] MRS EFsh: W (tanden) FEE HE 5 Aok,
3

TR, 7] FF(142, 242)= AL EFFola, FY] AL A5 R Y] A2 A= Afole] A2 g

et ol shiel F71H BYVE o EIE 5 Ak

T 4e 2 o] oAARl E tE AAFEC wek Al d5(310), Al 3F-(ST1, 340) %138} 2d S (Charge
generation layer, CGL, 360), A2 23X (ST2, 350) % A2 AZ(320)5 X33t F7]dFrlo] 2 =(300)=
MFHo R EAS dae|ty, X 404, A7) Al EFF(STL, 340)E Al AFFES(HIL, 341), A1 HA
Wha=(342) 2 Al ARFESS(EIL, 344)F E3ksta, A7) A2 F#E(ST2, 350)= A2 AF5E53(HIL,
351), A2 A whag3(352) 9 A2 MASFES(ETL, 3b54)E 23S, mgh, A7) zﬂl b3 EL(ST1, 340) 2
A7) A2 ER(ST2, 350)% 77 Ao welbd ATFYS, ATTES, dALES, dAFYS 59 77
=5 u 23 £ k. AV F7183o]| 9. 5(300)] ZF Zo T A AHe d%d uiel 2.

2

7ol 2 =(300)= Al H‘S’ér%(sn 340)¢}F A2 WFE(ST2, 350) Aboldl], zhzhe] ubsgZola WA
3 AR 28S U7, ASE 48 Bule 4= == AsAA S (Charge generation layer, CGL,
360)°o] ATt =, de}‘g"é%(SGO)% Al HFE-(ST1, 340)9F A2 FF(ST2, 350) Arolel] £1x]}™, A
1 2g5-(ST1L, 340)9F A2 #E-5-(ST2, 350)& %iow*é%(%o)oﬂ ofa] dddn. A YS(360) NI A3t
AEF(362) 7 PH M3t S(364) 0] A A AAXeHEA HE PN-H3 d3AETd & ATt.

NG ASAFG6)E AL BYT(STL, 340F FHES A2ekn, PY AP FE60S A2 R30S
GRS QAP AFPAFEe0L AAE AL B % A2 Bestel Al L A2 WY (340,
350)] A R AT FHAT.
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[0080]

[0081]

[0082]
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[0084]
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=, N A3 Z(362)2 A1 HFHF(ST1, 340)2 AAE FF3skar, Al A=(310)o] AHS A1 FFF(STL,
340)ell AAE Faeitk. k|, P WAL T (364)2 A2 FFF(ST2, 350)2 F3S FastaL, A2 35S
(3512 A2 A=(320)0 A5 s A2 LFH-(ST2, 350)d H3S Fagrt.

N A3 S(362)2 E2E-EHE Axgoz oz N EHE B4 9 Ng 32E 54& 33T
g 9. N3 E=HE BEALS FU)EX A Al F E A2 £ F5 B AR =Y F e fUE Ee
ojge EFEY F Utk dE 5o, N¥ E¥HE 242 97y 35 2 €2 E5S5 T o= i 9l
o, =, NY deAAd3(362) ﬂ%( ) YEFWNa), ZEK), e AaCs) 22 429 5%, == 1
avlEMg), 2EEF(Sr), vEBa), v d5Ra)Y 22 478 EFH0E 3% {7502 ojFdd F
AARE, old SAHLA] ek, N 3A2E B, AxE AT F e EF, oAE 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), %A}t]o}Z(oxadiazole), Eglo}Z(triazole), Y EEH
(phenanthroline), WZFA}Z(benzoxazole) Wi WlZFE]o}Z(benzthiazole) & o] FoJF oA AEHE o= 3}
o olew olfeld 4 glovl, oo @AHA .

T NE ASAHAIZ(362)L TAE-EHE A|lAHoZ JTARX S 4 k. = Ng A3AUAAZ(362)S N
] =HE 238 ¥384 &S S Tt
PE A3 E(364)8 PYH “HE B2 9 Py TAE EAS %38 &

=# Ak, P M3t S(364)> NF A
SHA/85(362) Aol wix o] N& At S(362) % AP +x5 7M. PH EHE B4 55 AshE,
HEGZF o 2-H EgfA ol = F =t] u| €k (F4-TCNQ), HAT-CN(Hexaazatriphenylenehexacarbonitrile), SA}o}AIE
gaddl 527 2L F71E EE V05, MOy, W0, 53 22 o EZAR o]Fod F UXvh, Wr=A] o] g7
= Zo] ofyr. PE I2E 242, Aee A9F F de= =4, dE E°], NPDIN,N-dinaphthyl-N,N'-
dipheny!l 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',64-Tris(N-3-methylphenyl-N-phenyl-
amino)- triphenylamine) & o]0z oA AEEH o s} oS XFsE BFRZ o|Fold F Xk,
HEEA] ofo] A ¥ = Aol ofitt,

A

mlm

271 F7HAQD g AMR), 546 e S (Yellow, V)& &3 = 9

Bhube] o a] Aol AAFe ol A, Al EEE(STL, 340)E FAMS w34etar, A2 H335(ST2, 350)= FMuch &
g9l FA(6), FSANG), FAY) EE% LAX S wgsk 4= gl

o 1 71

TEdol A, F7] fFridEte]le=E HAGS g YAl AMR), 54(6G), FANB)Y LHFELS
0 frldg o] o=l 4 gk, oE B9, ] 94 frddtie] == Al EgE(STL, 340)=
whagstar, A2 wEE(ST2, 350)°] shuhe] E~E9 d29 EHEE ¥3sle], JMB)T d29-(V) &
AL ZIEE goway wags pEEd 4= Qul. Ay WAl frjdbgtjel o= FEA] A1l wEH-(STL,
340)¢} A2 WFE(ST2, 350)0l A 233 E= Fo] &3 a3t o9& WAgo] P A HE Aot}

A

L o
ol 1= MY

In o rr ne
i

A2, = 55 B odtgo] oAFel AAFH ] wE 714G FAAXE PR EAE dE o),

T 5o EAIE wke} o], U1 FAIEA(400)= 7]1H(401) T, F71EF o] L=(500) 9, 71 riel o=
(GO0 E HE APREHNHZT(490)S X8 F Ak, 7]F(40D) Foles F&5 A8 F5 HHEWX]2E(Td)
9} 5 whE N AE(Td)d AZ4=EE §7)@gtlo] ©=(500)7F €)X 3ot

ZAIEHA] gko), 719 (401) ol AR wAtet AP HES st AlClE A dloly wld, ACE
Wl 2 dlolg wjd F o sty HesiA olAE o] JdFEE =Y wld, AelE uld o dolE wjdel o
AxEe 293 vEAX Y, 349 wd 2 A9 W EMNA A A HdId AAdxE AEFHA A EH
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[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]
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[0094]
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| gyac,

T BHEMN~H(Td)E =93 FHEWAA 2Hol| A, dHEAZ(410)FF, AllE HA=(430)7}, &=
(452)3 =99l A=(454)8 X383t

1]?(410)3 713(401) ol FAHEH,

A A 2 o2 A AY tad AdEew olfold 4
ek, EEAFGI0C] ARE LA A2 olF | o
=] = [e)

A 735 WEAS(410) sH-ell= AR E (A 8kx
Blo] JAbe= 2lE WAske] WEEAIS(401)0] B
al

/'<
o]Fold S glom, o] A9 whe

ON
i1
o
rH
o
Ul

= o] 1uH(420)0] 713(401) HHel FAET. AlolE AAdt
(420)° *‘ﬂi’iﬁ‘r% e AyEdsted £2 FIEdEARE o] Fod & Sl
AOlE ddu(429) el 53 22 =84 S22 o] Fox] AlolE Hd=(430)0] wH=AIF(410)0] T4l
d&stel 4. AolE @3(430)% 2913 A EIAAEH Ad T

Al E 5(430) dols AAZSAR o] Fox F3 AA(440)0] 7] (401) AW FdE. S3F dA
(440)& A Eikstgoy  Ag|24d3E #e Fr7] AdEA=R YAHAY Wl zALo| S 25
(benzocyclobutene) o]y} EEo}I ™ (photo-acryl)¥ 2 7] dAEARE IJA=E S Ur}

HAAT(440)L NEAZ(410)Y S wZ23E Al D A2 NEAS ZHE (442, 444)S 2T Al 2
A2 MFEA S SE(442, 444)2 Aol 5o AIE A=(430) i} ol Ax=]o] 9|},

I
&y
A
N
LW
N
©

AAU(440) Bole w5 2 B 2dE o]FoiAE an AFU52)3 =9l AdF(454)0] A
b A2 AS452) 3 =99l AF(464) AlolE HS(430)S FAHoR ojAEe] A5, 2zt Al B A2

% ]1__ -
A% SEE42, 44)S B WHEAZU0)0] FET HFAT}. hx DTS T WA (] mA])

HEE A (410) 2, Al°IE A5(430), A2 AF(452), =8 A504564)2 5 THEMA=E(TD)E o] FH,
T5 SHHEWAA2E(Td)E HEAF(410)9] ol AClE AF(430), &2 HA=(452) 2 =291 HF(454)¢]
Y Ael= ZEZ2H(coplanar) T+ERE 7HAH

olet &), & WUEMAE(Td)E REEAZTY shitel AloE HFo] fAeta HEAZ] dhol A2 A
=3 =g ¢l AFo] At 9 AEAS(inverted staggered) 7%= 7Fd 4 Q). o] A, WMEAZL H)
44 AdEl2oR o]Fojd 4 v}, | 29 WHENAAH(MEA)E o SHEMRA2EH(Td) 9 AEH
SR TUdY FxE VM A

S FU1E BARA(400)E 71 Tre]l 2 =(500) 004 A E HS S48t e HEHU60)E ¥ S
ATk, dE =9, Ae FEH(360)= X—1*—'1(13), =A(G), FAAMB) L AW FS S5 ¢ Jdy. o] Hg-, F
S F5cke A4, =4 g Haol Ay I ddo] 717t stadd HE R IYgE ¢ o, olE
Zvzve] Ay e Y Fstaxt sk 3 gige] WS WESE f718Ete] 2=(500) 9 FU1dEE
(530)3} 47+ SHEA wixE 4 vk, Ay ZEU460)E AEsown, 71 TAFR400)E E-HAYE
T8 4 v},

dE 5o, F7IddTele= TAFX(400)7F - g BFQIQl A, frIdETe] L =(500) 9 dl-sste T3t
AAuh(440) ARl FE St 4y 8 460)7F AXE 4 vk, AeHQ AAYEHA A, §71F TAG
Z(400)7F 25 g Bl A9, Ay e WgTol 2 =(500)9] A, S A2 AF(520) -l AT 5
T 9}, ez, de] DY U60)E= 2 A 5 mY FAR D F ot ou, §7) o] 2 =(500) & =
4ol TAH Q& WY FXE 7 WA d@griele=d - .

shd, T SHEARAE(Td) Y] =dQ] AT454)S &35 =EQd FYE(472)S 2t RE5(470)°] F+5
W E WA AEH(Td)E dor d-E.

REFU0) AAE S BAFWDE B FE FEAN2HTO] S AF050 AAHE AL
q

A1 A=(510)2 F=(anode)d = glom, A3t Fho] My
1=
=

5], A1 A=(510) 1T0.

N
S
q
p
N
=
o
B
N
N
fo
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M | F71e) EAER(400) 7F AR db vEA (top-emission type)e) A%, A1 A=(510) dFEoE WALA =
EE RS S FAdE k. odE B9, AT e WSS dF1EAD, &), UAND), &
Fo)F-ZEFE-72] (aluninum—paladium—copper, APC) @& 5 o]= 3}}=E o] Fojd 4= ¢

H332(470) Aolle A1 A=(510)9 7FExE]S dE Wa3486)0] A ET. WaAZ(480)2 3490 %
ste] Al AF(510)9] FAS w=EAIZT

Al AZ(510) Aol w33 (530)7F AT, deE=, WFR(530)2 & 4o EAH 27 o] wFRE 7}
A ¢ o, oo wet Fr]EFTie] 2 =(500) WY TFFRE 7Hd 4 ).

g (530)7F A3 E 718(401) AEE ﬂl A(520)0] GAEY. A2 AF(520) FAGGe A 95}
u g gho] v 22 THA BHZ o] FolA] AAhE(cathode)Z o] &= F Ut oAE

(520)2 &4=FulgF(Al), a0, ¢F ﬂ] -ut2dlE e (AlMg) 5 o= YR o]Fojd 5 9l

'ﬂ‘ -

A1 A=(510), FFH(530) 2 A2 A=(520)2 F7]¢Ftho] . =(500)5 o]&t.

A2 A=(520) e, 9F FEo] F71EFTol2=(500)2 HFse AS WA G
(encapsulation film, 490)¢] FAJE T}, Z=AISHH] ko), <l
71Zo] £k AZE AEE T2 A F o, ol dAEHA et

ojgl & Wge]l AAd 9 wudE A, 28d dr|e AAlde 2 Eye] o AAlddE B dyo] 3
718k AAldel gy = AL ol

(AN )
A9 1

relo] 5x10 ~7x10 " torrel F AEGIA, IT0 71% (ohm=) Aol ATFUZ, FT5FES(WILD, Y4 2y
Z(RA 522 BAGH 2 AN (0P 2H1E 2ARD, 4 wib £1)), AREEZ(EILD), AFEAZ(LIF)
9 ALEES sHoR ZHse] §r]RBTio) o =S A 2E ).

T 62 A7 AFE §7)@grio] 9 =] HIL1/BH4BD/ETLL o] oluv#] #M-S w2351k o= tho]olrelo]r},
A #RBL Jrrst Au, ] A Grdgrie] S EdA, HIL1S HOMO oY= @3} BD ¢ HOMO <=
de] ztol= 0.1 eV o]3fto]ar, HIL1S LUMO olf=] @z}t BHO] LUMO olUA] #le] 2fo]&= 0.5 eV o]/eld
al, ETL19] LUMO oA @3} BD ¢ LUMO ol =] o] xfoli= 0.1 eV ol&toldrt. = 6ol4, HHez 7
Al HTL19] HOMO llv#] @@=} BD ] HOMO oA #e] Zoli= 0.1 eV ©]3tdS YeERla, Aoz AE
HTL19] LUMO ol \4=] @83 BHS] LUMO olvi=] #e] Apol= 0.5 eV o] S vehila, "4 xAE EILL
o] LUMO =] @z BD ¢ LIMO o= #@e] xto]& 0.1 eV o]8ls YERTE.

Hlule 1

etelo] 5x10 ~7x10 " torrel T AWHA, 110 719 () o] ATFYZS, FBFEZ(HIL2), P4 2y
(A s~ ZAGD 2 FA Y0 cAE ZARD, 4 wih =3)), ARAFEZ(EIL2), AREZ(LIF)
2 ArEE sHor ZHste] fruPrio) e =g AgEY ).

=72 7 ARE #7
oy s i 2

|24 tho] © = HTL2/BH+BD/ETL2 © ou#] &S w2]8at o= tho]o]zalo]t},
I, A7) AEE FrETe] @ =l A, HIL1S] HOMO olvA] & 3% BD €] HOMO oY=

Grlo] zolE 0.1 eVE 2393, ETL1S LUMO oy =] @@} BD ¢ LUMO oy #Me] xfolE= 0.1 eVE =
FHalFTt. = 794, Ao FAE HIL1S] HOMO ol =] @z}t BD 2] HOMO ol =] el 2fol+= 0.1 eV %
H3+S ez, Aoz TAE ETLIS LUMO WA @™} BD ¢ LUMO oly=A] #@'#e] xpo]= 0.1 eV 233}
< yepd.

rlo

AAlel 19} Blalel] 1oM ARERE Alwet 1 =A% Tt 2
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o x ax HOM LUMO T,
O (eV) (eV) (eV)
HIL -5.79 -2.57 2.82
H;-L —5.50 -2.42 | 2.52
ETLT -6.21 -2.73 | 2.67

[0115]
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[0116]
[0117]
[0118]

[0119]

[0120]

[0121]

ZIHSd 10-2019-0111875

o s HOM | LUMO | T,
O (eV) | (eV) (eV)
ETL2 ~6.10 -2.70 2.2
BH -6.00 | -2.99 | 1.85
BD ~5,61 =281 —

Ao 1: fo]dt

Yriolor =4 v}

AAlel 13} Blale]] 104

22} AAE folgTel et TE 54 Wolesith

SH7] 3 20 AAlel] 13} vlale] 19] fr|dgriole = diste] SAHE AY-ARFEE, I =-AFaEE, =9
FSFAa&(EQE), 9 5A4& 71 AT
X 2
TE Ak A-AFLE o Hgta s T
) (Cd/p) (EQE) (hr)
AAA 1 3.7 8.0 8.1 50
Hlnlof 1 4.4 6.3 6.5 25

Hlald] 12 H<&
loﬂ H] oH =
23} HTL2 =2 e

s 0=5),

AT ouxe] Eefel X vAE ARSolt

(U}) 24, () 24 %2 (3h) 2319 9wz
T 1 B I - o S R B D i R ] B

A5 Ty = 2.52 eV < 2.8 eV o|t}. 3,
2.2 eV < 2.6 eV A,

GhelM AxE =4 =,

_17_

1o Yeldt &

HTL29} BH2FS] HOMO energy gap xFo]7F AA] 4]
AgS Fashda, Hlald] 1o A

Hl e 104 AR ETL2 B4 A9 Ty gy =

A WS saEe] AFY UA woks AW (A
(Fs s wEaa) B9,

Hlare] 13 2



[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

SIHSd 10-2019-0111875

ol (Zh) Z7eNA AAG Ty B Tign o oA WD 22 BF 49, FA 43T s2E B 45
g uA et AErET B2 9 AAFET B2 449 AFF oA 3 Aolrt A #A "ok, & 79 A
9, Ao 1] vlate] waLe] 1o] HA g

ols} o], (A}) UL FA wHE TAE AFE dUA Y AEFEEE B @ AAFES B2 7o 4t
= oA A7) 7t Aozt AA ¢ o)A EASoF TS on] gt

471 % 1ol vebd EARES Faskd, AAld 1ol g = 6ol Ty oy = 2.82 eV ©]aL, Ty g = 2.67 eV

) 2o AT duAe] WHE vEeta, @ duAe Aeasds 24 2 dAeds 24
ol

114, ( =
2zkel 4G AUA 27 1 Aot 9 £F

o]

o 19 frlugTeleEE () 2A4L g (ae] 1904 F oluA Aol 0.1 eV 23S P @
Frow ¥ Tl ofdly T FE Age] Bast;, (B) 24 % GH 24 ) (ae] 104 F oy

A ZpelE= 0.1 eV Z2HFH, Ty oy = 2.52 eV < 2.8 eV, Ty g = 2.2 eV < 2.6 eV)3te] AAE o7]27F A
S el A7 ofdth. wlad] 19 B A7 A dgS T Adepedoat U whes doH
A EeEs A4 ¢ dd AdE Seed AN I3RS dEoR FUFE Je EleR A48d 4 vk
oleldt Aus wa frldRTelere] pe5Adol AstEa, frddrele =] s of g v

§71 & 29 AARRY, vad 12 AAld 1o Hgte] 5 54& dAlola, Ak £ 9 FE A& &

Rs9o HYF

100, 200, 300, 500: +7|&Frjole =
110, 210, 310, 410, 510: A1 A=
120, 220, 320, 420, 520: A2 A=

140, 240, 530: g5

141, 241, 341, 351: AZ54E=
142, 242, 342, 352: H A Wg=

144, 244, 344, 354 AATEE
243: AETYUT
2451 AAFIZF
340: A1 @HF
350: A2 @k
360: LS
362: N& A S
364: PY A ABAS

4000 713 FEAEA
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