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A7 AEEE A, R EE AR 0] AAEEA St ol A% HlA e 9T TIW & AT

A1 A2 Fol BT FEALEE A S0 ASA, OIF FHALES o1E Solol Il AR
g = glolth, e,

2 wwel 1 A el A2 FHAAY FE S

AAelEe] 2% BAEe] PRAoE Et ANHOR AR AF E 2T sbsd

o 49
2 O 9% 9 FEol s, 4 gAdEe] AR mstel FRHeR W A FE g
o

ofst, ERe FE L wyel vigrad Aol tlaA A Anelrz s

T 25 B o] o AAdo] wE AF $43(1st HIL, 2nd HIL), HA(B)Y 234=(Emitting Layer; EML),
2 AR F=EFEIL) Q) oy x] W= tho]o] 13 (Energy Band Diagram)2 A3 Zio]‘?

T 2014 & 4 gl%o], £ wge] A Ao o UJrE , A7) AAB)Y wB=(Emitting Layer; EML)OIA B3
(hole; h)¥} AAF(electron; e)o] 3 o7x 23 dA(Emission Area)o] A7) HA(B)el 4t
FS(EML) ol PA=]ar, 1o wha) =

e

E3], & wgo] o Ao w2, 47| 4F 555 (1st HIL, 2nd HIL)o] Al A¥ 43 (1st HIL) 2 A2
AE 755 (2nd HIL)S X3t o]Folzlt). ojwf, 7] A2 AF #4535 (2nd HILS A7 Al BT 5%
Ist HID BT AF()e] 9 2 % 540 5% ARE xdsto] o|Fojxm, 1o wal A7) HA(B)9
g5 (EML) Al A 3 (h) 2 A= (e) o] 3 (balance)o] T xIt}.

~

A7 AAB)Y EFF(EML)AA AF(h) 2 HAAH(e)e] #¥(balance)S W7 84, 7] A2 45 435
(2nd HTL)9] HOMO(Highest Occupied Molecular Orbital) #S A7) A1 A& $45=(1st HTL) S HOMO )&=}
A7) HAB)e] HFZ(EML)Q] T 2=E(Host) E22 HOMO #Hel Ape] ks zbe= Flo] upgha s}, o} o],
471 A2 e %5 (2nd HIL) S HOMO #e] 7] A1 A& 55 (1st HIL) S HOMO @83t 7] A (B)<]
E‘*ﬂ(EML)«] FT~E(Host) 22 HOMO #l'Be] Abe] #s Al =W, %= (Anode)dAF-E 7] HA(B)2 &
FS(BM7ZHA] AF(h) e =49 9 FFo] &34 4 F Ut

ol
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471 Al A eES (st HIL) ] HOMO =83} 7] A (B)o] T3 (EML) o] & AE(Host) =2 ] HOMO 28
7] A2 4F S5 (2nd HIL) S HOMO @& 5.5 eV UlA] 6.0 eV M E 7k Aol w28t

T3, Fe(h)e] 48 F9 B FES A, 7] A2 BE 555 (2nd HIL) 9] HONO =83t 7] 4 (B) <]
W35 (EML) 9] E2E(Host) =29 HOMO @ Afo]e] Zpol= 0.4 eV o|akel Aol upghzlsirt. whek, 7] A2
B3 $E5Z(2nd HIL) S HOMO =3} A7) A(B)e] w32 (EML) ¢l S AE(Host) &2 HOMO #H'2
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= 0.1 eV ool uEAE 4= Qlok. wkek, 7] A2 HF 55 (@nd HTL)2 HOMO ¥z} 7] Al ¥ %
S(1st HIL)] HOMO # A}o]o] Zfol7} 0.1 eV Euk ZAl =W, 47 A2 ZF +E35(2nd HIL) S| HOMO #'8
I} A7) A (B9 HEF(EML) ] HOMO & Afele] xpol7F v A 4= 7] wliolt).

w3, A7) A2 AF FE5(2nd HIL) S A< f’o AYAN(TD) W2 2.6 eVolsdol H= Aol vpaAg 4 Slvt.
qkeF, A7) A2 AE 55 (2nd HIL) 9] A5 @ olWA(T1) @™ol 2.6 eV vivto] =W, 7] FA(B)e] LHd<S
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u, 7] A2 4F 5455 (2nd HTL) ] A3 AAUA|(T1) Ho] 2.6 eV o] do] & H9-,
G5 (BML) Wlell AAF(electron)E 7H& 4 Joi(confine) F &85 A4 4 Urt.
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I HAk(e)e] w3 (balance) s EF=d FaT 4 Aok, 2=y, A7) A2 ¥ 74535 (2nd HTL) 9] A+ (h) °]
FEZF UE wEA HA, AF(h)ol 47 AR FESEIL)7HA =dstA Ho] Ax $yo] dEd 4 9l

ols} e AL mEE w, A7) A2 BE FE42(2nd HIL)C AE(h) OJEEE= 1.0x10 en/Vs WA 1.0X10
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o]Fold sFsAol ATk, EF, weF 4] A2 AF FHF(2nd HILS FF(h) olFEIF 1.0x10 ‘en /s Rk
Wl Y Aol 4] AR SEFEILAA S Hel 43 Fdel uEa 4 )

olabz} 7ol A7] A2 AF 43 (2nd HIL)-S A<3F HOMO @', AHE3F U (T1) @, 2 A3 (h) °ol&=
H S xgsle] o]FoiXH, 1 o ZA olql Ade fU|ES XTSI o]Fo|H F
AARE, HH=A] 1o G E e e ofyt,

w7 A2 AF 5453 (2nd HIL)S 7<47<}(electron)°ﬂ & A EAEA Fe Aol vigAsitt. &, dAx
(electron)= 7471 AR %3 (ET F3 47l AAMBY LFF(EM)oE HAEEANE AR Ak
(electron)= 7] FA(B)e] TFF(EML)& S3sto] 7] A2 F& 55 (2nd HIL)7HA] =28 5 9l
o, F7] ARpell A Fr] A2 AF 75T (2nd HIL)o] FA 42 A9 &2 3o @2 4 . we
S P 4°H A EFEA FEE 7] Hsﬂ’ﬂ "L7] A2 Xé%" +%4Z(2nd HIL)& A3} oF
stability)S FAE & v s g3 A 53], AAE s 5 3
Z o] H]—%"X‘O]—q- dZzA, A7) A2 BE —T—%—%(Zrld HTL)% ?——li(Nltrogen) T= thol
35

D3 P AAE WE S U AWF TIF 5 Aok
olstl ¥ Wwe] thd A ME F7] W Ao A Fxol dA AR ek

£ 3¢ R 3gel 9 A e f7] BY 29 AEe wEol,
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T 3o & F Qo] ¥ W] o AAjdd WE {7 F A= FF(Anode), A1 2~ (Ist Stack),
3} A4 =(Charge Generating Layer; CGL), A2 =¥ (2nd Stack), ¥ S (Cathode)& Z &3l o] Fo| AT},

A1 ITO(Indium Tin
S E = A& olY

71 %= (Anode)S A=A 2 Ad<E(work function)7} e Holk =HAEFE, o=
3 o

=

=
Oxide), I1Z0(Indium Zinc Oxide), SnO, ¥+= 7Zn0 5o 2 o]Fojd 4= AWk wWl=A] 1
=

71 Al 28 (1st Stack)e 7] 9= (Anode) ol FAE A AAN(B) FS @33}, o]9} & Al 2= (1st
Stack)e A& FU=(Hole Injecting Layer; HIL), A1 A& 4%3(1st Hole Transporting Layer; 1st HIL),
A2 AH 4435 (2nd Hole Transporting Layer; 2nd HTL), A1 233=(1st Emitting Layer; 1st EML), % A1
AR} %% (1st Electron Transporting Layer; 1st ETL)S 3¥3}slo] o] Fojzit},

71 ¥ TS (HIL) & 371 %= (Anode) gl Y, MTDATA(4,4' ,4"~tris(3-
methylphenylphenylamino)triphenylamine), CuPc(copper  phthalocyanine) %+  PEDOT/PSS(poly(3,4-
ethylenedioxythiphene, polystyrene sulfonate) SO & o]Fo]lZ 4= A TF Ht=A] 710 31AEE= AL o}y
o 7] A FASHIL)S A7) Al AF 455 (1st HIL)S FAse &40 PEIYS ZHEV = 5o o]
Fold F5 g,
271 Al BE FEF(Ist HIL S A7l B8 FYSHIL) el FA=™, TPDIN,N'-diphenyl-N,N'-bis(3-
methylphenyl)-1,1'-bi-phenyl-4,4'-diamine), NPD(N, N-dinaphthyl-N, N -diphenyl benzidine),
NPB(N,N'~di (naphthalen-1-y1)-N,N'~diphenyl-benzidine) SOo& o]Fojd = Ux|gt, Wr=A] 1o &4
AL ofytt, A7) Al AE 4535 (1st HIL)S PEIY Y =HEVF ¥3tuA] ¢ Aelstal 7] B&
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5 1
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N 2 e
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HIL)& =g vpo} 22 5485 7HA 1 2

, A7 A2 AF 55 (Cnd HTL) S A7) Al AF 455 (Ist HILED F3F(h)e 9 2 4 540

%
)l Al T (Ist EML)OIAM e (h)3} dzk(e) o] 44

r& N
)
ol
il
ke
(a) 521_[
, S
£
)
u
2
Ry
H
[
=2
k=)
=
o
N
oX)
& °
%

T, 37l AAB)Y A1 HFS(1st EML)OIA A3 (h) T AR (e)e] #3 (balance)S 957 $IalAl, 7] Al
¥ 745 (2nd HIL) 9] HOMO @82 7] Al A¥ 53 (1st HIL) S HOMO @@} 7] HA(B)o] Al w435
(1st EML)®] Z2~E(Host) &2 HOMO @] Alo] #tE zt= Ao npgalsitt. FAHo=, A7 A2 ¥ F
%% (2nd HIL)©] HOMO #-2 5.5 eV WA 6.0 eV ®9E 7IA= Ao vlE3] 3.

N}

T, Ae(he] 443 79 2 FF5S A, 37 A2 A8 FE535(2nd HIL) ] HONO &2t 371 34 (B) <]
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[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

SIHS3S 10-2018-0077765

A1 wES(1st EML) 9] E2~E(Host) EZ 9] HOMO & Ake]e] Apo]&= 0.4 eV o]31Ql Aol vpgkalstar, 7] A

2 AE 455 (2nd HIL)S] HOMO @™ 7] A1l AF F53(1st HIL)S HOMO & Afo]e] el 0.1 eV o]
Aol wiAE 5 gk,

R, 7] A2 AE 455 (2nd HIL) O] A3 AIUAI(TD) @M 2.6 eVel/dol == Aol 47 FA(B)9] Al
WS (1st EML)ellA o] 23 a8 FHAZL 5 o] npeA st

v, A7) A2 AF F4Z0nd HIL)S AE(h) o]5%E 1.0X10 cm /Vs WA 1.0x<10 cm /VS HEA 40]
1 A2 4F 5 ECnd M B BAME AL BIS(st B ATAA B ol Tl e
sha, AFMel 471 AL A% F53 (st ELAA Edahs 22 wAT 5 ol wAsie,

TE<(2nd HIL)2 =% HOMO @8, A5& olyx(TD) =@, R Ag(h) °]

1 3
T 5 Qe 471 £F] o FolAu, 1 Az okm AGe] F/1EL L] o] FolF

4 ‘;ﬁ

wek, A o GA A 2
stability) & A & s AE
3

(Dibenzofuran)

i

S
rlo
[
>
il
12
ftlo
-+
X0,
rlr

hul
r@
N,
Ll
Hd
ot
]
-+
30,
o

S(Ist EML)2 7] A2 A¥ +E3(2nd HIL) el F4€Th. 471 Al 233 (1st EML) 2 H A

A7) A1 EE(1st EML)S A (B) F, oS So] 3]F(peak) 4 W Y7F 440nm WA 480nm WY H M G
S WFY F e fUIERSE 2T S dow, FAFeR, dEANl(anthracene) %A, Io] @ (pyrene)
-

Al 2 Al (perylene) FriAl®E o] FoX IgellA AEE AHojk shte] AE S FA =HETL
=g Ee] olFold F AN, RtEA] o] @A HE A2 ofytt
3}

A7] Al AR 55 (1st ETL)2 A7) All &335(1st EML) Aol A5 ™, JlubZE(carbazole), Aol
(oxadiazole), E=#o}Z(triazole), IHAYFEZ(phenanthroline), WZHAIE(benzoxazole) He WIZE|o}lE
o

(
(benzthiazole) o= o]Fojd F QA|vk, WE=A] To] A EH= Z2 ofyT,

271 A1 AR 4% (1st ETL)9] LUMO(Lowest Unoccupied Molecular Orbital) @3} 7] A3 BAEAZF
(Charge Generating Layer; CGL)o| 3% N3 3} AAAS(N-CGL)S] LUMO d#e] =ol7} v&F W, 7] Ng
Ast AT (N-CEL) I AR A7 A7) Al AAF 5245 (1st EIL) o2 §olsiA A v, webA,
27 AAre] 4&8% FUS A 7] Al AR 55 (st ETL)9] LNO 82 A7) N& gl AP (N-
CGL)S] LUMO #1™e] ztoli= 0.1eVol3d}l Aol wpg&lsit.

A7) AsE AAAZ(CGL)E A7) Al 2=¥(1st Stack) T A7) A2 2=¥1(2nd Stack) Alole] A= A7) A1 2
Bl (1st Stack)¥} 7] A2 =B (2nd Stack) Alolold AsE ddHA 2dse JdS 3o,

o9} 7& Hat MAZ(CGL)S A7) Al 2~¥(1st Stack) Aol A =o] A7) A1 2~¥(1st Stack)el 1A
QA3= NE dsF AAZS(N-CGL) 2 A7) N& dst AAZS(N-CGL) Aol A w o] A7) A2 ~®(2nd Stack)el
SIH3A YAsl= PE AdE AAHE(P-CGL)S E3Fsle] o] Fojz = i},

71 N& AsE AAPFS(N-CGL)S 7] Al =¥ (1st Stack)o.& x4Z}(electron)E
45 (P-CGL) 7471 #l2 22¥)(2nd Stack) o2 AF(hole) S FHsl=rh. 7
a, K, == Cs9} 22 474y &4, £+ Mg, Sr, Ba, =+ Ras}
ojFojd 4 . 47] PY A3t ‘g**Z(P (L) A3TF5Hol

o

A7) A2 29 (2nd Stack)S A7) AdF AAZF(CGL) Aol dAE] = (Yellow Green) S 2343k
o9} 2 A2 ~®(2nd Stack)2> A3 FF F455(Brd HIL), A2 &FZF(2nd EML), A2 Az F
ETL), ¥ A=A} FY=(Electron Injecting Layer; EIL)S ¥3alo] o] Fojzit}

Oll

rlr

=2
N
ot 08‘4 -1N
2
ols
ol
0%
ox
ofj
=
«
fop)
)
rlo
)

30 mi oF
rlr rlo
ks
mﬂ
e

i

PN
=R

=)

471 A3 AE 45 Grd HIL)S A7) de AAS(CEL) ol A=,  TPD(N,N'-diphenyl-N,N'-bis(3-
methylphenyl)-1,1'-bi-phenyl-4,4'-diamine), NPD(N, N-dinaphthyl-N, N -diphenyl benzidine), &
NPB(N,N'-di(naphthalen-1-y1)-N,N'-diphenyl-benzidine) 22 o]Fold = QXvk, Wlt=A] 0] 345 E
AL olyth, A7) A3 AE FE5E5Brd HIL)S A7 Al ¥ F£53(1st HIL) I} 593 ZQdZ o]Fojd 4
BARE, Aol webd M2 Aol EAR o]Fold £ 9t
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[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

SIHS 35 10-2018-0077765

371 A2 EFF(2nd EML)S 7] A3 3 555 (3rd HIL) Aol Fd€rt.

7] A2 w335 (2nd EML) 2 54 F ) o & 59 3 A (peak) ¢ WI7F 520nm WA 590nm AL o] FS U

2 A
g e AIEEAS XFEE 5 oo, FAFoR, JhEA SE e w5 FER o]Fo T2E E
Aol F=AMe] =HEY o] o]Fo]F £ rt. A7) 7]"#4&—] 3} ES (BP(4,4-N,N'-dicarbazole-
biphenyl), CBP %A, mCP(N,N'-dicarbazolyl-3,5-benzene) ¥+ mCP 524 55 ¥3a 4 Y1, 7] &
& 252 7nPBO(phenyloxazole) 5% #E T+ ZnPBT(phenylthiazole) 5% #E 52 ¥3d & 9l
7] A2 #HZ(2nd EML)2 =4 #& Wgste 78RS 298 = Q.
471 A2 AR F£E5F(nd EIL)S A7) A2 233(2nd EML) Aol FA S0, FHlZE(carbazole), ZAlTjolZE

o
(oxadiazole), Edo}=(triazole), H'FEZ%(phenanthroline), WHA=(benzoxazole) TEE HIXEol=
o= o|Fojd & AT, WMEA] T FHH= AL ol

371 A2 AR #6F(2nd ETL)E 7] Al A2 55 (1st EIL) 3 598 =

g4z ol%old FE 9

(benzthiazole)

2l

= ool % 9la, Aol

o

A7) AR FIZRILLS A7) A2 AA $£4=(2nd EIL) mﬂ A5, LiF(lithiun fluoride) X
LiQ(lithium quinolate) SO 2 o]Fojd 4= x|t wt=A] 1o AL E AL ofyr),

=

7] &= (Cathode)2 37| A2 2=®l(2nd Stack) ol AT, 7] &= (Cathode)S R 45 VXA +=
=4, dZA, ¢FEAD, 2Ag), "taulE0g), FEQLD) EBe ZECa) 522 o|FAd & AT, [

o th Aol B 7] W 2xpe] A gnl,

44 & g Qxeo], A tE AAjdd mE {7 TF A= F5(Anode), Al =€ (1st Stack),
A1 A BAAZS(1st Charge Generating Layer; 1st CGL), #12 Z~¥1(2nd Stack), A2 A3} AFA=(2nd Charge
Generating Layer; 2nd CGL), A3 ¥ (3rd Stack), % &= (Cathode)S X3} o]FoZt},

!

7] FF(hnode) & A&E = 30] w1 Aol FF(Anode)d FAH ARZ o] FoIAmE WEAFE A
71 gt

A7 Al 228 (1st Stack)S A7) %= (Anode) Aol FAlETH. A7) Al =¥ (1st Stack)S A& FYFUIL),
Al A& $4551st HIL), A2 A+ 445(2nd HIL), FAB) FS WPt Al $F35(1st BML), 2 Al
AR 55 (1st ETL)S 2F3te] o]Fofxn, Zh7he] F2 &gt & 39 i AAjde 7bz7te) S3 Fds
AZZ o]FoAAER JHEMAH e ey g},

O~
T
=

o

A7) A1 A AAFZ(1st GL)L 7] Al 2" (1st Stack) Aol FAHT},

A7 AL dsk A F (st CGL)2 7] A1 =¥ (Ist Stack)# 7] A2 =¥ (2nd Stack) Akele] FH]E A1 N
& Adst A5 (Ist N-CGL) 2 A1 P Ask AAF(Ist P-CGL)& Egate] o]zt 7] A1 NF s}t A
A5 (1st N-CGL) 2 7] Al PY Ast AAZ(Ist P-CGL)S 247 #&d = 30 w2 AAde 47 N3 s}
AAF(N-CEL) % 7] PR At S (P-CEL) 5L ARZ o] FojARR Wiy Atsr| 2 gt
47] A2 2=¥(2nd Stack)2 7] Al A3t AT (1st CGL) ol P F=5A(Yellow Green) Eis 4
(Green) #& 23g 4= Qo). o]9} e A2 2¥(2nd Stack)S A3 AF 4455 (3rd HIL), A2 243 (2nd
EML), % A2 #2t 43 (2nd ETL)S X3ate] o] ol

A7) A3 AF FEFGrd ML A48 & 30 o Axde A3 47 >
FolBE MEARe Y2 I,

o}-}

Z(3rd HTL) ¥} 543 A5=Z o]

471 A2 3F(2nd EML)-S 7] A3 Be 535 (3rd HIL) 7ol F8€Th.

A7) A2 WEE(end LS 354 3, ol & ol 9 (peak) THF W97F 5200 1A 590m Wele] F&
5 Qe A1RAS TIY = gon, FAeR, S SR wE FE FBE oFol1 BAE B

Aol FmaAe] =HEZ E=yo] o]fold F gtk A7) JhEA 3ELS (BP(4,4-N,N'-dicarbazole-
biphenyl), CBP %A, mCP(N,N'-dicarbazolyl-3,5-benzene) %+ mCP %=X

T X & 1, A7 =
4 22 ZnPBO(phenyloxazole) &4 Z& H+= ZnPBT(phenylthiazole) w4 &
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[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

SIHS3S 10-2018-0077765

371 A2 EFS(2nd BML)S =4 3, ¢lE 5ol ¥ 33 WA7F 540om WX 590mm Wl Fe TEEs A
ede 29T 4 oy, FAFeR JEEA SE B B4 AER olFofxl ZAE g w49 =

471 A2 A 55 (2nd ETL)2 7] A2 2335 (2nd EML) ol Fd€.

A7) A2 AR 43 (2nd ETL)S 7Ml=(carbazole), SAtjolZ(oxadiazole), Eglo}Z(triazole), HGE
@ (phenanthroline), #ZALZE(benzoxazole) Hi= WlZE]o}Z (benzthiazole) & ¥ $H5le] o]Fojd 4= Q).

7] A2 Ask AAAZF(2nd CGL) 7] A2 2=¥(2nd Stack)3} 7] =

g dst ¥AS(2nd N-CGL) B A2 P st A4S (2nd P-CGL) =
3

13 2B (3rd Stack) A}olell -H]E A2 N
Z3tate] o] FojHnt. A7) A2 N st A
Z(2nd N-CGL) % A7) A2 PE Adt WAF(2nd P-CGL)S ZHZF A&3 = 30 w2 AAqoe] A7) N& 3}
A5 (N-CGL) 2 7] P Hd3st S (P-CGL) Y 5d3 A2 o]Foix|ug ghg Ay Agslr|2 s},
471 A3 228 (3rd Stack)> 7] A2 Ast S

ol¢} e A3 ~¥(3rd Stack)> A4 H¥F —’f—%—%(ﬁuh HTL) ﬂS
EML), A3 AA 455 (3rd ETL), ¥ A2 FY4F )

(2nd CGL) “gell Fd=o] HA(Blue) ¥ 3T 5 o},
%% (5th HIL), A3 #34Z(3rd

A7 A4 AY F455(4th HIL)S 7] A2 Ast AAS=(2nd CGL) Ao A==, TPD(N,N'-diphenyl-N,N'-
bis(3-methylphenyl)-1,1'-bi-phenyl-4,4'-diamine), NPD(N, N-dinaphthyl-N, N -diphenyl benzidine), %+
NPB(N,N'-di(naphthalen-1-y1)-N,N'-diphenyl-benzidine) 2% o]Foj& < AAT, HI=A] 9] A EH=
A& oYt}

271 A4 AF FES(4th HIL)O HOMO @8z 7] A2 Py Hel A4S (2nd P-CGL)S] LUMO(Lowest
Unoccupied Molecular Orbital) #|® Ale]2] Z}ol= 0.1 eV o]3}el Aol ufabzld 4= Q). wheF A7) A4 F
F %35 (4th HIL)S] HOMO =3} 7] A2 P& A3t A4S (2nd P-CGL) 2] LUMO(Lowest Unoccupied Molecular
Orbital) @™ Afo]o] o]zt 0.1 eVE ZFal™ A7) A2 PR Hal AHSF(2nd P-CGL)ONA 7] A4 BE &
S(4th HTL) 229 A& (h) olso] d&aetA &F& + 3ot

A7 A5 AFE $£42(5th HIL) S A7) A4 AF 5%

of\i

(4th HTL) “gell €t

v

A7) A5 AE $42(5th HTL)E A7) A4 AE 42 (4th HIL) R AF(h) FY D $£4 EAo] ¢35
ANEE E33le] o] Foxm | o] uwkzl Av] AM(B)e A3 WFZ=(3rd EML)ONA AT (h)I HAxM(e)o 4%
(balance)©o] 2rx Xt}

)
<

7] A B9 A3 WFS(3rd EML) oA AF(h) 2 AR (e)e] #3(balance) s W57] HsliA, 7] #l5 A¥F
$%42(5th HTL)<] HOMO #™e A7) A4 AF 542 (4th HIL)C] HOMO =3} A7) H AW (B)e] A3 W333=(3rd
EML)2] & 2~E(Host) E22] HOMO o] Alo] %k TEE

[¢)
Szt Zlo] wigAeitr. AR ew, 4] As AE
(5th HIL)2] HOMO @2 5.5 eV WA 6.0 eV W ZE 7HA&= Zo| nptg s},

T, FF(h)e 988 79 2 F5S A, 7] A5 FE 555 (5th HIL) 9] HONO &=t A7) 22 (B) <]
A3 4= (3rd EML) 9] ZAE(Host) S22 HOMO @l Alo]e] xfo]& 0.4 eV o]alel Zo] npzhz]sic},

, A7) A5 e 53 (5th HIL) Q) HOMO @l A7) A4 AF F53(4th HTL) <] HOMO 28 Apole] xjo]
eV ool wgAd 4= i,

i
o

w3, 7] A5 FE 53 (5th HIL) S| HOMO @83k 7] A2 PR dst A4S (2nd P-CGL) S| LUNO #™2 Alo]
o] AFoli= 0.4 eV olal Zo] nigrA e = vk, wkeF, A7) A5 A& %5 (5th HIL) 9| HOMO =8} 7] A
2 Py A3t AT (2nd P-CGL)S LUMO @ Ale]e] Zpol7} 0.4 eVE ZFsHA 7] A2 PE st A4S (2nd
P-CGLYNA A AE(h)el 7] Al4 AF 555 (4th HIL)S AH 7] A5 ¥ 545 (5th HIL) 2.2 °]F
sk Zlo] d&ehA &S o sl

3, 7] A5 AE 55 (5th HIL) 9] A& dlUAI(TD) @82 2.6 eVol/de] ¥ Zlo] 47| FA(B)e] A3
W35 (3rd EML) ol A o] g a &S A 5 Slo] v sttt

C A7) A5 A E2(5th HIL)S) AZ2(h) o]S=E 1.0X10 en/Vs WA 1.0%10 cn’/Vs 299l Zlo],
71 A5 A 535 (5th HIL)F 47 FA(B)2] A3 ¥-335(3rd EML) 2] Al A wgo] o] FofX|x] L F
a1, AEMo] A7) A3 A% £ES(3rd EILAA daks A2 WAS + Qo] uia s,

t
rot
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[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

SIHS3 10-2018-0077765

%% (5th HTL)-> &3k HOMO =, =3 o 1?<](T1) dul, 2 F¥F(h) °ols
7é]

T 5 b 4718 EFse] oFolAn, 1 dzA ofyl Ade) §718& Eishe] o] Fol
]

F&H(Dibenzofuran) ¥ 22 HAAE B& F e X3

of
o
—t
=
=
o |
)
rlo
1~>
=
-y
I

o

)

('D

A7) A3 3=(3rd EML)S A7) A5 As $£453(5th HIL) Aol FA4"T. A7) A3 @333(3rd EML)S 3 4
(B) &5 Wshs FA WFF O o] FoFit,

7] A3 wE5(3rd EML)2 HA(B) ¥, odE v T (peak) ¥ WY7F 440nm WA 480nm B o] HA 3
S 29T e fUEASE g MOU% TAH oz, ETkAl(anthracene) XA, ko] (pyrene)
freAd 2 #HAA:(perylene) FEAZ o]Folz IaFoA HEE Aok shte] s~E Edo] HA =HET}
T3 Eo] o]FofA 4 AR, WEEA] 19 A HE AL O}‘/]E}

7] A3 AR 455 (3rd ETL)S A7) A3 &33(3rd EML) Aol EAE™, JlubZE(carbazole), Aol
(oxadiazole), E=g#o}Z(triazole), HAYFEEH(phenanthroline), WZEHAIE(benzoxazole) He WIZE|o}lE
° =

% olRold & A, wEA Te] @AEE AL ot

371 A3 AAF 745 (3rd ETL)2 7] Al AA 7635 (1st EIL) Ex= 7] A2 A4 4635 (2nd EIL) Y 54
01;<

T AR o]Fold i glal Fold 24R o]Fojd £ QY.

ofj

(benzthiazole) &

A7 AR} FAEEIL)L A7) A3 WA $42(3rd EIL) Agoﬂ A5, LiF(lithiun fluoride) X
LiQ(lithium quinolate) SO & o]Fojd 4= x|t wt=A] 1o AL E AL ofyr),

A7) &= (Cathode) & A7) A3 2®(3rd Stack) Ao WAL, A7) S (Cathode)S WFe AE-E 7Mx&=
dFu)H(AD, S(Ag), ttavlgMg), 2lELD) 5 ZE(Ca) T2 o]Fofd 4= A7, w=

el o Aaee] W 0] W A 3RS AR geERa, ol AEE E 8 R % 49

5olA o 4 Sliol, ¥ el o Axde] we §7] wF ®A AAE 7%(10), vk EdXAEE(20),
Bes}E(30), A1 AFA0), WAZ(50), §715(60), D A2 AF(70) EFale] o] Fo] 7).

A7) ANBA)E 8 wE PRAAY D s TS Tepad, duA, Zejon=r) ojgd 4 AA,
WEA] o] #EE A by,

rl

o

| dhh ERAAEHS(20)> A7) 718(10) AdellA FAdEH k. o9 2 uhdt EWA ~EF(20) Al
E AI(21), AClE HAT(22), WFEAF(23), A2~ AF(24a), =9 AF(24b), E HIUH(25)S ¥E3H3lo]

A7) AelE A=(21)2 A47] 713(10) el Y FAH o dar, 7] AlelE AAuh(22)& A7) Ael =
(21) ol FAEY Jdar, 7] HEAZF(23) A7) ACE HAuh(22) A WY FAH Ja, 7] hx
A(242) 7 47] =90 A5(24b)2 7] HEEAF(23) ollA MR vlFstes |l FJAEo 9ar, 4] B
FEH(25)2 A7) &2 AF(24a) 7] = AS(24b) Aol FAH Q).

EA=(23) oldol] FAEE vlE AolE(bottom gate) T-F2E EASAA 5, A
A5 (23) $ell A= & AolE(top gate) TEZ o]Fd F& U},

A7) HebslE(30)2 7] vk ERA2EF(20) Aol dAEY i xWS HekstA 7tk ol9} e Helks)
F30)2 XE ofmdy e {7] Ao o]Fojd = JAuk, WtEA] 1o A I = AL oY),

71 A1 AF(40)2 7] BEsE(30) doll FAE o] Ak, Y] Al A540)2 7] 2Eh(25) 9 4] 3
eF3l2(30) 0] THjE ZEES FaA A vt EdXAEHE(20)9 =del AF(24b) TE 4 A (24a) 3
AAx o] 9}
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[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]
[0125]

[0126]

[0127]

SIHSd 10-2018-0077765

A7 AL AFH(40)e ALdF £ 3 mE T 49 %= (Anode) O.F o] FojF 4= ).

=
E35}3(30) Aol &
[e)

A7) WAZ(50) e A7) AL AF40) B A7) 3 Heel Ba 99e @ 47 WaF
(08 el BE Aol A ool dEs Faw GRBeA, ] WAZGOA A s B9
o] Aelst,

W1 ENSE0E W AL D00 3 FYA A B AL ) BATE0) B Iy
SoQTh Z, A7) f71%60)e Sa AR BeHA ga e sa Alld A% d7dE 4 gl

A7 771560) A& = 39 A1 &8 (1st Stack), A3 AAZ(CGL), H A2 ~¥(2nd Stack)9] A5 T
Z2 o|Fojd & gu, ALd T 49 A1 ~®(1st Stack), Al Ast WAAZ=(1st CGL), A2 2= (2nd
Stack), A2 A} AAZ(2nd CGL), L A3 2~¥(3rd Stack)d AZ Fx=Z o]|Fod F& ). webA, A7)

Fr715(60) el A= WA (White) Fo] WE2 + St
3

A7) A2 AZ(70)e A7 8712(60) Ao B Qrk. A7 A2 AI(70)L AEEH w3 EE T 40 o
(Cathode) 0.2 o]Fojd 4= Qlt},

olgh e A7) Al ATH30). §712(60). D A2 AZ(70)e] A= T AL E 3 E= % 4o B2 §7]
ups) 2zl 2 o] Fold 4 glu).

B, LAAE SR AAE Blaols A7) §712(60)0lA WEHE WA (Fhite) FS ¥ We ZHY
a7 @ Az "eZk Rk FaE f vk A7) A dEHE B ojgAgw Ad g4un. 5, 47 §7]
S(60) el A W= Fo] aH-o 7] (10) BFo R Wyst= 49 vHE oW (Bottom Emission) W29 Z-5-¢
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