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v F 7] =

7] w33 2= AR (electron) S FYstE & (cathode) ¥ AF(hole) S FYst= % (anode) Abolo] w33

ol FAdE F2E 7Y, S04 dAE Az 2 G4 B AFe] T R FYdHd 9 A
o] A, AdHE AAEo] 7|4 H (excited state)olA] 7]# )

o
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)=
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I B A7l 4P S ZYLL ohle ABHAAS %Y P w8 2] A Fol A A8
o, 58 Mage wget 47 B 2ae A hsh 23] E e ®4 gA 488 & 9
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ot BWE FEE Felol 47 WY 2ol e HHE

T lax 299 §7) @3 29 AgAe gHEolm, & 1be Y &7 BF AxA AT FE5=(Hole
Transporting Layer; HTL), 3= (Emitting Layer; EML), ® #x} 443 (Electron Transporting Layer;
ETL)¢] ou=x] ¥i= t}o]o] 12 (Energy Band Diagram)S EA]dH Ho|t},

= laolA & S %ol FHY F7] w3 AAE %F(Anode), A1 A®(1st Stack), A3t XA =(Charge
Generating Layer; CGL), A2 ¥ (2nd Stack), % &= (Cathode)& FE38+3to] o] F o]},

A7 Al 2=8(1st Stack)2 471 F=(Anode) “doll 3Ad=o] A (Blue; B) FS #Fsrt, ojek 22 Al
g(1st Stack)S AF FY=(Hole Injecting Layer; HIL), 8% %4%Z(Hole Transporting Layer; HTL), # %J
(B)9] w4=(Emitting Layer; EML), % %} 443 (Electron Transporting Layer; ETL)S X3}3}o] o] Fojzl
=
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ofst, mHE FxE W Ayl utA AAdo] vaA A AYs)w B,

L 2v B el o Moo mE 4F 555 HIL), HAMB)e 33T (Enitting Layer; EML), ¥ H2k 5%
Z(ETL) 9] olgx] wi= t}o]o] 12 (Energy Band Diagram)S E=A]3F ZHolt},

T 20 & = o], B ool o Ao wtEw, Ay FM(B)e] 3= (Emitting Layer: EML)olA A&
(hole; h)¥} HAF(electron; e)2] ¥ (balance)S WHEOZMN WA JA(Emission Area)o] 7] A (B)o] &
B35 (EML) Woll A=, 26 wel &Axpe] F5A8s @& 4 ).

3], B drol o AAdel wpEw, AV FAB)e] WFS(EML) Y AF olsrE Aoz, Ay A
(B)e] &FZCEML)ANAN F3(h)H AR (e)d] dHF(balance)s & T AT},

TS, B owgo] o AAde] w2, A FAB)e wEEFEM) 2 A7 Axk 25F([EIL) Y At olvEE
sgA oz, Al FAMB)Y HFZ(EML)A AR e)d ALHS FUMAA AT AR e)d 4

(balance)= %& & .

olstoll = - ] Thgg HAAlde] WE 7] W AxY] HF Frxol tjal AHstr]E gt

-

E 32 2 dye] o AAdd mE f7] g 229 AEE] drko|t,
T 394 & 4 o], B oulkgo] o Arde] wE {7 @ AxE F=(Anode), A1 2®(1st Stack), #

&} XA =(Charge Generating Layer; CGL), A2 =¥ (2nd Stack), & S=(Cathode)S F &3} o]Fojzit}.

271 % (Anode) AEA W Ad<=(work function)”’} =& , o 24 IT0(Indium Tin

=

T =
Oxide), I1ZO(Indium Zinc Oxide), Sn0, HE+: 7Zn0 SO0 8 o]Fojzd 4= X uk wt=A] 10 dAHEE= AL oy
=

71 Al

He wAEd
[e)

(1st Stack)> 7] %= (Anode) 2ol Ao H
Stack)< é F99=(Hole Injecting Layer; HIL), Al A¥F &
Al ¥-4=(1st Emitting Layer; 1st EML), 2 A1 AR F52(1
Z3tste] o] Folxl

71 ¥ FYSHIL) S 37 %= (Anode) gl @45, MTDATA(4,4" ,4"~tris(3-
methylphenylphenylamino)triphenylamine), CuPc(copper  phthalocyanine)  H+  PEDOT/PSS(poly(3,4-
ethylenedioxythiphene, polystyrene sulfonate) SO & o]Fo]lZd 4= A TF HWt=A] 710 3AAEE= AL o}y
o 7] AEF FASTHILS A7) Al AF 455 (1st HIL)S FAse &2 PEIYS EHEV = 5o o]
Fold F5 g,

271 Al BE FEFst HILS A7l B8 FUSHIL) ol 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) S22 o]Fojd < Xt HE=A] Z1o] A
AL olyt. A7 Al AF 455 (1st HIL) PEIYJS =HEV} ¥ > s

SHIL) T} 53 E2d= o]FAqd § glon, o] 4§ 5d3 4 Zohﬂoﬂjﬂ AL S THoE A7 AF

PSHIL)H Al Be 535 (1st HILS AT 5+ Aot

A(B) Fe TFFH. olek 2 Al 2E(Ist

2
2~
<5

Z(1st Hole Transporting Layer; 1st HTL),

& OH J&'é

st Electron Transporting Layer; 1st ETL)<
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1N A

Nz e

L fo

71 Al WFF(1st BML) 47] Al B8 753 (1st HIL) Aol A€t 47 All 233 (1st EML)> A
(B) F& TFshs A EFTow ofFon

7] A1 33 (1st ML) M (B) &, dF £ FA(peak) 37 H$I7F 440nm =] 480nm A1 A 3
dgst £ Qe f71EAS 238 4 gon, FAHoeR, tEFHAl(anthracene) =4, Iho] @ (pyrene)
2 HH@(perylene) FEAZ o]FoF aFolA AEE HoJx slte] A1 T2E EFo| A1 A &

|2
£} EgHo] o) %old 4 AW, WAl qe] FHHE 2L opit,

rEL Jo o ox

71 A1 EFEAst BML) el 23 Al 32E =42 JF ol kst 53 24 o|Fofin. FAHew,

A7 Al BAE BAL 1.0x10 on/Vs o]AFe] AF o|EwZ spxi= slo] wlEtAsth. Ay Al AE 24

©] 1.0x10 cn'/Vs vl¥ke] HE o] E=E 1A A HW, A7) Al w3E(1st ML) WelA Axke] o] 5&md] w)
slo] AEel olE&msl Ui gl whagedole] 7] Al wH3E(1st BML)T A7) Al AF S42(1st HIL) A
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ole] Al Aol F4E heAdel 7] witoltt.

F7] 1.0%10 en’/Vs ool AF o] Em=Z 74A7] 9F)A, 7] Al EAE
%2}‘“ﬂ TR, AV Al Z2E 4L ¢tEdt4l(anthracene) -
kel

ALl (perylene) FiAel] 7] opwl7]7} spspdshe F22 o]Fold 4 3l

LI, 7] Al EES(Ist EML) Wiell A7 @eo] B g AEE §h] fsiA, 7] Al EAE 2E2 1

24L& o}lv¥l7](amine group)E *E
T % =
. T

A, dol@(pyrene) F=A %

i

=)

10 en /Vs olde] $5% A4 ol BEE /b= Aol mgAe & vk, 7] 1x10 en Vs olde] 5@ A
olF=E A7 f&iAd, 7] Al 32E EHe W] (pyridine group) HEE I U] Y7 (pyrimidine
group)E e = . FAFHCR, AV Al SAE E4E etEdAl(anthracene) FEA, ko]l (pyrene)
A = HADHA(perylene) F=Al 7] H2ld7](pyridine group) Ei& I 2|u|d”](pyrimidine group)”k
e FERE o]FolA 4 It

A, A7) Al EAE B AR olFErE v AW, 7] Al #FS(Ist BML) WlellA A Fo] o] 5&HEe
Hlgto] HApe] o] & ETF U el Ar] g ol A Al WEF(1st EML) A7) Al BF FEF(Ist
HIL) Atele] A Aol @449 7Fedol it

i?L:l

58+

oo

ek, A7 AL IFAst BL) del 03 90l 398 Qe ] A, ) AL sas

AR ol FEE 7] Al BAE Bhe] 4F oFE 0} &

47 AL AR FEF(st IS 471 AL W35 (1st BIL) Aol F4H0, st (carbazole), SA}
)

(oxadiazole), E=zgo}Z(triazole), HYWEZ¥(phenanthroline), WZFHAE(benzoxazole) HEe #l

(benzthiazole) o o]Fo|A 4 AR, WF=EA] 1o A H = R ofyr}.

o,

F7] AL Az 265 (Ist ETL)2 AAb o] s 27F $-578 242 o] Folxl Aol, 47] Al #3335 (1st EML) W=
< & AR wEE o] whE A olok T2 A aefste], 4] Al A #ES(Ist ETL) O] A

2} o] EEE 3.0x10 cn/Vs o3l Ao upEE 5 Q)

&2

A7) 3.0%10 en'/Vs olitel AR olEEE X7 YelM, A7) Al A FEF(st B 397
(pyridine group) T+ I #U| W 7|(pyrimidine group)E ¥3+st = o). FAZH o=z A7) Al AR F455
(1st ETL)2 7}¥}=(carbazole), ZAlt]o}Z(oxadiazole), E#o}Z(triazole), I|WFEZE% (phenanthroline),
WAL 2 (benzoxazole) X #IZE]o}Z(benzthiazole)ol A7) I 2ld7|(pyridine group) %X ¥gn|d7]
(pyrimidine group)”7} 34T 22 o] Fojd + Ut}

w3, A7) Al AR #5F(1st ETL) 9] LUMO(Lowest Unoccupied Molecular Orbital) @3} 7] 3l HA%
(Charge Generating Layer; CGL)ol 3¢l N& s} A4S (N-CGL)9] LINO @ e] Afol7} |y AW, 7] N¥
At YAZ(N-CGL) A A AR A= A7) Al AR 42 (1st ETL) o2 &34 FUHA L=, oA,
B Axel A8 FAL AAA A7) AL A $ESst B LN elsk 47 NG s AdF0-
CGL)S] LUMO #®e] zo]:= 0.1eVels}el Aol nparza s},

B7] Ak ARF L) 37 AL 28 (st Stack)# A7) A2 28(2nd Stack) Abelel BAdEo] 7] A1 2
Bl (1st Stack)¥} A7) #12 ¥ (2nd Stack) AlololA AsES #HHA 2= IS i),

ole} # 313} AAZ(CGL)& A7) Al ~®(1st Stack) Aol dAE o] A7) Al ~®(1st Stack)ol <1HdHA
x8k= N8 de AAAS(N-CGL) 2 A7) N& dst AAAAS(N-CGL) Aol dAdwo] A7) A2 ~¥9(2nd Stack)dll
o1 stAl 91 Ast S (P-CGL) S >xgslo] o]Fod 4 Ut}

&7

o 2
ol

rr

A
t= PE

[

N Ast A5 (N-CGL)2 7] A1 2=¥)(1st Stack) 22 HA(electron)E& F
3% (P-CGL)> 7] A2 =¥ (2nd Stack) 22 A¥(hole)S FHa;MET. 7] N& Hat BAHS(N- CGL)o Li,
E Y

Na, K, B+ Csob 22 2@ &4, ®x Mg, Sr, Ba, B Radh 28 e EgHor =34 f7]goR
ojfold & vk 7] PE At AT (P-CEL)2 Aerdsdel e frlEdd ZAE} =g5o] o F
Z 2= o)

= T M

A7) A2 2~¥(2nd Stack)& A7) Ad AAHF(CCL) Aol BA= o F=M(Yellow Green) F& 333 = g},
ole} & A2 ~¥(2nd Stack)S A2 AF F45(2nd HIL), A2 TF=(2nd EML), A2 AR %
ETL), % =} 9= (Electron Injecting Layer; EIL)S XE3Fale] o] Fojxlt),
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71 A2 4F 55 (@nd HIL)S 7] Ast APF(CEL) Aol =™, 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]Fojd 4 UXvk, WI=Al 1o =
A ofUrh, A7) A2 A FE5(@2nd HIL)2 7] Al A5 55 (1st HIL)F 593 EAR o|Fo4d +
QA, AT WA AR ol B EAL oD R AT

A7 A2 3= (2nd EML)S A7) A2 AE 4453 (2nd HIL) Aol A9

A2 W (2nd EML)2 354 3 oS E9] ¥ (peak) ¥ WH7F 520nm WA 590nm HH Q) F& 2
2348 4 o, FAHR, JHEA IFE e 55 FEE o)Fo3] A2 3AE
HEV =350 o]Fojd £ . 7] FHtEA ﬁié? & (BP(4,4-N,N'—dicarbazole-
biphenyl), CBP %A, mCP(N,N'-dicarbazolyl-3,5-benzene) =& mCP skst 4= Qlal, A7) &
=
=

4 &2 ZnPBO(phenyloxazole) &% #& H+& ZnPBT(phenylthiazole) w3ar 2= 9

A7) A2 AR F5E(2nd ETL)S A7) A2 ¥333(2nd EML) Aol dAE™, JFul=(carbazole), SAltjol=
(oxadiazole), E@o}Z(triazole), HA'FEZ¥(phenanthroline), WZHA}Z(benzoxazole) TE wWlZEo}l=
k=

(benzthiazole) SO 2 o]Fo]d 4 QAN Al 9] BAHE= AL ofyt},

A7) A2 AR 245 (2nd ETL)S 7] Al A 4535 (1st ETL) 3 Ao]dt BdR o]FojZ
A AR dHstd they P

b
%,
=
o
o
K

271 Al A2 S (1st EIL) 2 247 N3 A3 ‘3*3%(N—CGL)9—EP|L Y AA(electron) & T, 7] A2
AR} 45 (2nd ETL)2 A7) &= (Cathode) &2 F¥ 7] A2} FUS(EIL)S AF3t AAH(electron) & 375
W=t o, 7] N& dst 4435 (N-CGL) 255 ¢ dx} -ru“—\rln:_ of wlste] A7) &= (Cathode) O = F-E] 9

A7 9427} whar,

webA 7] AL A FEF(Ist B2 iAoz A FYE5%7F =1 7] NE

e AR (electron) S aww7] wiol, A7) Al DA} =4%(1st EIL) 9 AAF o5 xs 5(},}},\]7 = Ao] u}
BAs 4 ). o9} e olf®, A7) Al WA FE5Z(1st BIL)L A7 o] F %7} 3.0x10 n /Vs o141 A
o] mpEgala, 7] A o|FEE kA7 YalA T W) (pyridine group) EE 3@ WE 7] (pyrimidine
group)”} 3}8tATtE FxZ o]Fo]W o] upEAs 4= gir}.

Z1o wksle] ) A A2 AR 42455 (nd EIL)2 A8 oz dAx 44527 w2 A7) &= (Cathode) & 2 H-E]
A (electron) & &g wt7] witol, A7) A2 A2 4535 (2nd ETL)S] AR} o]5%E A7) A1 AAF 553 (1st
ETL) o] HA} olg=rtt A FA4ste Aol 7Fsstar, 1o wgl A7) I d7](pyridine group) EE F v
A7) (pyrimidine group)”} 3}8tAdE A ko FxZ o]Fojd 4= 9r}.

71 A FYJSEILS A7l A2 A 535 (2nd ETL) Mﬂ AAE™, LiF(lithium fluoride) Hx
LiQ(lithium quinolate) SO &2 o]Foj&d 4= Jx|ut, Wr=A] 19 AT E= AL ofyr),

A7) &= (Cathode)& A7) A2 ~¥(2nd Stack) Aol FAHT}. A7) &=(Cathode)S e dT4E 7HAE=
T4, dZA, dFuEAD), 2(Ag), "taulE0g), SELD) BE Z4ECa) T2 o|FAd & AT, Hi=
Al 2ol A EE AL ofu T},

4= o] ugE AAjdel mE #7] 2 Ao Al deolt

T 4o & F 9dkel, & I o Axjde mE f7] g iX}E %=(Anode), A1 2=¥l(1st Stack),
A1 A3t XS (1st Charge Generating Layer; 1st CGL), #12 22®!(2nd Stack), A2 A3} 4% (2nd Charge
Generating Layer; 2nd CGL), A3 2~¥1(3rd Stack), % ol(Cathode S x3}slo] o] Rz},

ki

o

}7] %= (Anode) & A% = 30] w2 Arde] FF(Anode) T AT ABE o] FoIAuR MHAY L Ak
1712 gk,

A71 A1 28 (1st Stack)S 7] = (Anode) Aol A AT, A7) Al =¥ (1st Stack)S A& FYSUHIL),
Al AF 555 (1st HTL) *%‘(B) FE gEe Al 2EE(1st BML), 2 Al AR 4535 (1st ETL) S %3
3to] o] Fojx|w | Z}7he] F& HeEd E 3o wE Arlde] 7] F3 $dE ARE o]Fo|ARRE wHEET
< A7 g

ofr
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[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]
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71 A1 AeF AAdF(Ist CGL)-2 7371 Al 28 (1st Stack) ol FAdE ).

A2 2~¥(2nd Stack) Atolell TH]E A1 N
ghste] o] FolXnk. A7l Al N& sk A
=3 & 3o mE AAlde] 47 N& Hs)
oAl nE whEAdne AgFEy|R gt

o]

F71 A1 Ak S (Ist CGL)2 7] Al =8 (1st Stack) T 7]
d At YAS(1st N-CGL) 2 Al PY 3l BA=(1st P-(GL)S £
4% (Ist N-CGL) 2 &7] A1 PY 3t AP (1st P-CGL)S 747t A
S (N-CGL) B 7] PY sl AT (P-CGL) P TUg AR o] F

A

5

A7 A2 2¥(2nd Stack)> 7] A1 AsE ABAS(1st CGL) Aol FAIHO =2 (Yellow Green) Hi= A
(Green) #< w333k = givk. o]9} e A2 ~¥(2nd Stack)S A2 A¥F F43(2nd HIL), A2 2%3=(2nd
EML), @ A2 A} £43=(2nd ETL)E X 38to] o] Folxit},

A7) A2 AF 445 (2nd HTL)S A& & 39 & Ao A2 ¥ 4435(2nd HTL) I} 53 A8 2 o]
FojABR RiEAMAEe A2 g,

7] A2 HFF(2nd ML) 7] A2 43 543 (2nd HIL) gl Z4€ .

7] A2 @335 (2nd EML)S 34 33 o & 5o 9T (peak) I W7 520nm A 590nm W o] F&
g de FUIEAS 2EY 4 o, FAAHCRE, JEA EE v w5 FER o|FoX A2 32E
Edo| F=A9 A2 THEV =g Fo] o]FoA = Qlth. 4] 7}H}+ Al s‘z}t}% CBP(4,4-N,N'-dicarbazole-

3 L3S 2= 9)\_]_/_’ )(\)]-7] =

biphenyl), CBP %A, mCP(N,N'-dicarbazolyl-3,5- benzene) T= mCP

& 252 7nPBO(phenyloxazole) < ZE T+ ZnPBT(phenylthiazole) &

2=
T
F5(nd EML)> 54 3, <& S 93 3 H7F 540nm WA 590nm B Q] F&
=

A7) A2 et
NBAS ETF 5 gon, TAHOR B FFE i F5 FEL o|Fofd Az EAE B 549
A2 ERESL £350] o)fold 5 gtk

7] A2 AAF 4% (2nd ETL)-2 7] #|2 23335(2nd EML) ol g€t

271 A2 AAp —’Fiz(an ETL)S 7}u}Z(carbazole), A o}Z(oxadiazole), E#o}Z(triazole), HIEE
d (phenanthroline), WMZAME (benzoxazole) & WlZE|olE(benzthiazole) S Eg3ste] o]Fod 4 Q.

ohak, W43t Al AR 455 2nd ETL)# w37 A 2, A7) A2 12 £430@2nd ETL) % 9897 (pyridine

group) TEE= 3)2)u]7) (pyrimidine growp)7} S8 ATE TEZ o]Fold = i, 3.0x10 en/Vs o]k A
2 olEwE A4d gl

A7) A2 Ask AAZ(2nd CGL)E A7) A2 2¥(2nd Stack) @ A7) A3 2€(3rd Stack) Aleld] FH]E A2 N
& Aat MAZ=(2nd N-CGL) 2 A2 PE st BAZ=(2nd P-CCL) S EFslo] o]Folxth. A7 A2 N& Hst A
AZ(2nd N-CGL) 2 A7) A2 P8 s} BAd=(2nd P-CGL)S ZF7F A3 30 WE A A7 NE HsH

l:
A4S (N-CGL) B 7] PR Aol S (P-CGL)H sLF Arz o] FolAne jhgdg2 Asr|2 v,

A7) A3 28(3rd Stack)S A7) A2 Ha AAZ(2nd CGL) Aol FAd=o] HAM(Blue) #S 233 4 gl
ol¢} e A3 ~¥(3rd Stack)e A3 AT F£4=(3rd HIL), A3 233=(3rd EML), #13 HA $4=(3rd

ETL), ¥ A=} FYZ(EIL)E FE3Hsto] o] Fojxit}.

F7 A3 AF $55Brd HTL)> 7] A2 Ast A4S (2nd CGL) 7ol #EA=w, 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) S22 o]Fo|d & At HEA] 1o AH=
A& ofyr},

871 A3

THF3rd LS 37] A3 3F F4FGrd ML) Aol 948 7] A3 233Grd B 34
(B) #& 3

S WA WYF o o) ojAr),
}

o of

7] A3 EFF(3rd ML) A (B) F, d= S dA(peak) 3 H97F 440nm WA 480nm 9ol FAM P
st = e AVIEEAS XS 4 9on, FAHez, ¢tEdtAl(anthracene) F%=A], dko] @ (pyrene)
| = |Fo1%0 Z1FolA AdEE Holm shte] A3 TAE EHo| A3 A &=
7F 5o} o]Fold 4= ARk, Hk=A] Zo] A EE L oput),

7] A3 HFF(Brd EML) E3E A3 S2E 242 FE olekrt % 2ER o|Fojn. AR,

b=}
)
e
=
)
@
=
=
@
=
e
Jo
k1
N
it

o

o

7] A3 BAE BAL 1.0%10 o' /Vs ool AF o|FEE X o] wgAsth. 4] A3 FAE 24

o
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[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]
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o] 1.0X10 ‘en /Vs PIRre] 4T o] FwF 7 A7) A3 EE(3rd BML) elA AAbe] o] E&wd] v
3lo] AFe] olE&Tr UF =y w3 ool ] A3 w4=(3rd EML) I A7) A3 AE $53(3rd HIL) A
ole] AW Aol PP 5ol 2lv] wEol,

X
>

0

=)

-

ke

7] 1.0x10° Yem /VS olde] HF olsrE 7HA7] A, 7] A3 E2E B4 oF7l7]|(amine group)E
0

el 5= gk, FAF R, A7) A3 TAE BES #E}/\ﬂ(anthracene) Fr&=Al, goldl(pyrene) FE=A £
A (perylene) FEA] A7) oful7|7F &stAd s Fxz o] Fo]d 4 gt}
525& g71 A3 S(3rd EML) Wol Hdzb7b @o] 2 5= =5 &) feiA, A7) A3 IAE =de 1%

N

10 em /Vs ©4Fe] 98 Ax} o] EEE A o] wpEAE 4 k. A7) 1x10 om /Vs o4kl 53 A
olFEE A7 HslA, 47l A3 E2E EFHL 9w (pyridine group) EE P ™ 7] (pyrimidine
group)E E&3 ¢+ gt FAFHoRE AU A3 TAE EZS orEd A (anthracene) FEA|, Io]d (pyrene)
G4 == dAE A (perylene) FE=A A7) & W7] (pyr

s Adgtsl 2R o] Fold & Tt

idine group) %+ 07| (pyrimidine group)”}

ShH, A7) A3 32E B A ol vt UF |, 7] A3 @35 (3rd EML) WA gFo] o] sEmo
Hlgto] HAfe] o] F& % F U el Ar] wgg o] 4] A3 wFT(3rd EML) I 7] A3 BF 635 (3rd
HTL) Atole] AH Ao FAdE 75l Aot

wEhA], A7) A3 BFS(3rd BML) dlol 2 o] FAgE & J&F st HdalA, A7) A3 E2E B
AR olEEE 7] A3 EAE BA0 4F o]Ere] 1x10° WA 9x10' ] Wl Ao] meAT 4 ),

A7) A3 AR $45(3rd ETL)S A7) A3 23335(3rd EML) Abell @A =W, F4}=(carbazole), SAlt]ol=
(oxadiazole), Ego}Z(triazole), #HAFEZ(phenanthroline), WEALZ(benzoxazole) HEE HWIXE]o}Z
(benzthiazole) 52 & o]Fo]& 4= AR HF=A] 1o AT = AL ofyt}.

A7 A3 AR 443(3rd ETL)2 47] A1 AR #4535 (1st ETL) 3 ZJolst 42 o]Fojd 4 g},

A7 A1 AR 55 (1st ETL)2 A7) Al N&g A3 XS (1st N-CGL) S ZH-E HAF(electron) & FFHal,
A71 A3 AR $£45(3rd ETL)S A7) &3 (Cathode) S ZFE A7l AR FYUE(EIL)S AHste] HA
(electron) & Tt

w7 Al AR 55 (1st ETL) S Aty oz Az 9557 =9 A7) Al N8 As XS (1st N-
CGLs) o2 5E Az (electron)E FFW7] wjiol, A7 Al DA $4Z(1st EIL) AR} o]F == 3.0x10

“om Vs o1kl Aol mpakAstaL, 4] AR ol FEE 74X7] $lalA w2 w 7] (pyridine group) Ei @ uY]
P

(pyrimidine group)”7} 3}sHAJ E Fx2 o] Rzl Ao nuphAd 4= 9},

Tef wkste], A7) A3 AR $£EF(Brd EIL) S FuiH o R A2 Fd&ersh whe 47] 55 (Cathode) & H-E
At(electron) & &HE7] WEol, 7] A3 A2 $535(3rd ETL) 9] A o] $=E 7] All A 555 (1st
ETL)9] A7} ol mrtt vt 748k 2ol 7Fsatar, 1ol wet A7) 92197](pyridine group) E= I
7] (pyrimidine group)7h S}StAFH A o2 2= 1$°iél T

A7 AR FAZ(EILS A7) A3 HAAR $433rd EIL) Ael dA=w, LiF(lithium fluoride) ZE¥
LiQ(lithium quinolate) SO & o]Foj& 4= JX|ut, Wr=A] 19 AT = AL ofyr),

A7) &= (Cathode)& A7) A3 28 (3rd Stack) Aol dAHT}. A7) S=F(Cathode) S 2o dT4E 7MAE=

=5, dZA, dFaEAD), 2(Ag), "taulE0g), SELD) EBE Z4ECa) 522 o|FAd & AT, Hi=

Al 1o $gu e AL ofyr).

T 5w B ¥EY d AAdd mE f7] wd FA G Mg dHERA, oE HMed = 3 2 K 49
2 f7] B33 AxE H 83 Aol

T 594 & o], B dtgo] o Ao wE f{7] wg mA FXE 7|9(10), 9E E
Hekshs(30), Al A=(40), WAF(B0), F71560), F A2 AF(70)S 2Fste] o] Fo T},

271 718(10)2 18] e Y 2 e FHE ERkay, d2A, EdonErt of8E 5 AR,
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[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]
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[0110]
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A7) dhel EAX 2B F(20) A7) 713(10) AelA dEAE o] k. o]ek e whuk EWMAAEF(20)2 Aol
E AZ(21), AoE HFAuk(22), SFEAZ(23), A2 A(24a), =9 A(24h), T BEI(25)S Edtalo

71 AClE A2 471 718(10) el e FAdE o, 7] AlelE dAH(22)L 7] AllE A=
(21) el =] 3lar, 47 MEAF(23)2 A7) AlolE dAuH(22) el Y @A i, ] A
EAS(23) ol Mz vpFstes dj'l Ao o, 37 B

TEH(25) = *&7] A2 A5(24a) 3 A7) =29l A=(24b) el A H o] St

ZHolE AlolE

A=(2D)0] RE=AF(23) ofefol A H= vbE Alo]E(bottom gate) T%E =AISFAAIRE, 7
olE AIF(21)0] ¥E -

5
AF(23) 9o BYHE B Ao E(top gate) TER o] Fold >
47) AEHFE0)S A7) e EAA2EF(20) gel BAHC] Y% BAS AasATh ol e Bk
(300 ZE ofads} g §7] AAnow olfold & AW, W %

7] AL AFU0)E 47] FREF(30) Aol FAHel ATk A7) AL AF@0)S A7) BETH5) B 4] 3
BEEE00] TulE TEES B4 A7) v EAAAHZ0)S Sl AF(24b) E s AF(24a)3
SEEEES

7] AL AFUOE A% E 3 EE % 49 FT(Anode) OF o]FoW 4 At}
g4 ¥of

o

7] WAZE0)E A7) AL AF40) D A7) BREE(30) Aol DA
(G0 Bl HaE Aole A doel MEYs TxE IPPOR
o] Aelsit},

471 F715(60)L 371 AL A=(40) el GEE ] vk, 7] 7F715(60)2 7] AT (50) ol F4dE

1
F oAt F, 37 4715608 sha M RelHA gn Qgshe sha Aol Az 428 +

A7 F715(60) Awd £ 39 A1 2~ (1st Stack), sk BAZ(CGL), @ A2 ~®(2nd Stack)e] A& F
Z2 o]FolA F i, H&d L 49 A1 2=(1st Stack), A1 A3} AAHZ(Ist CGL), A2 2= (2nd
Stack), A2 A3} AAZ(2nd CGL), 2 A3 22¥1(3rd Stack)e] A3 Fxz o)Fd & drt. webr], A7)
G712 (60)ol A= WA (Fhite) Fo] W= $ dr}.

A7) A2 AF(70)2 A7 F715(60) 7ol A Utk 7] A2 AS(70)2 Aed & 3 BE & 49 55
(Cathode) o2 o] Fojd 4 i},

ole} 22 A7) Al A=(30), F71%5(60), E A2 A=(70)9 HF T2 A& & 3 BE & 49 oE {7
Wb AR o] F ol 4= Q).

ShH, EASHRE AT, U gt E Y] 715600 A WEHE WA (Thite) FE 3 H=2 ZEFH
st7] f1sk Ae] "Ej7F FUt= FelE 4l ] de Y e 3o ols AR g AAdEY. =, 37 f7
Z(60)l A WEH Fo] 3159 7](10) WEFoz APst= 49 HlE olv]H (Bottom Emission) W22 7d--o

= 7 A- dE7E A7) /7156009 offel AL, 7] 71560004 BEE ol AH-e] A2 A=
(70) WFoz Hgste 29 © ovH(Top Emission) W2le] Zgole 7] Ao eI A7 7715(60)9
el et

5 62 Ao & wlude wE FEALT AFE HoFE gzolr,
7] AA = e & 4ol wE §7] g azbe] FRA Al wEF(Ist BML O] Al E2E EF 9 A3
W2 (3rd BML) 9] A3 E4E BARA 3.0x10 on’/Vse] AE o]S%® 2 3.6X10 on’/Vse] Az} o|Ew2 7}

A §7)1BS o] 8519, Al AR FE2(1st BIL) 2 A2 A2 42 (2nd EIL) 924 5.6X10 on’ /Vse] Az}
(e}
o

A §8S ol gada, Al AR F42(1st EIL) 2 A2 A2 $42(2nd ETL) 024 3.1X10 on /Vse] Az

_12_
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» 2nd stack
r 1st stack

Cathode
EIL
ETL

EML(YG)
HTL
CGL
ETL

EML(B)
HTL
HIL

Anode
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EHIb
Emission area
@/\ —(e)e
HTL
ETL
E EML(B)
EH2
Emission area
HTL
ETL
EML(B)
@@@—’@
EHE3
Cathode
EIL
2nd ETL
2nd stack
2nd EML(YG)
2nd HTL
P-CGL
CGL
N-CGL
Ist ETL
1st EML(B)
Ist stack
Ist HTL
HIL
Anode

_14_



Cathode

EIL

3rd ETL

3rd EML(B)

3rd HTL

2nd P-CGL

2nd CGL<|

2nd N-CGL

2nd ETL

2nd EML(YG or G)

2nd HTL

Ist CGL{

Ist P-CGL

Ist N-CGL

Ist ETL

1st EML(B)

Ist HTL

HIL

Anode

|

3rd stack

2nd stack

Ist stack
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J(mA/cm?2)

140 1
120 1
100 1

D x©
(=) (=}
1 1

S
(=]
1

20

Voltage(V)
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THMBW(EF)

[ i (S RIR) A ()

RF(EFR)AGE)

FRI&R BB A

S\EReERE

BE@®F)

EHREBRARTUBAN LB SR —FPIFEFARMBAR & B
FARFBAR Z AINE—BE , HAE—LAXEZSEEEF1.0x106/VsH
BANZENIBXRMNE—ERME , URFERAZENEXATHENEN .

HERER.

BNAXBHNEREN BT RE

KR1020180062234A

KR1020160162289
RELTERLAF
LGE RFBRAF
YOONDEOK HAN
ey

TAESUN YOO

SER

HO1L51/50 HO1L27/32 HO1L51/00 HO1L51/52

2018-06-08

2016-11-30

patsnap

HO01L51/5044 HO1L51/5278 HO1L51/5024 HO1L27/3209 HO1L51/5072 HO1L51/5004 HO1L27/3262

HO1L51/0059 HO1L51/0067 HO1L2251/552

Espacenet

REHE

2nd CGL{

1st CGL{

Cathode

EIL

3rd ETL

3rd EML(B)

3rd stack

3rd HTL

2nd P-CGL

2nd N-CGL

2nd ETL

2nd EML(YG or G)

2nd HTL

} 2nd stack

1st P-CGL

1st N-CGL

1st ETL

1st EML(B)

1st HTL

1st stack

HIL

Anode
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