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o] AE F2E 7AW, 5004 TR A 9 oA dAE Aol AT YR FIHW TP A
2} 2 AFo] Adtsle] dA|E(exciton)o] AL, AHE AAEo] 7] El(excited state)olA 71 el
(ground state)® BoJX|HAA HFS& st U E o] &3 Axfolry,

oSt @e f7] WY AAE 2B ohyet APEAIA Y B wE HA FH Fol valA 488
o, 58 wage wge 47 B 2ae e hs 23] E e w4 ZA 488 & 9
o,

= 104 & $ dEo], FHY f7] ¥F 2= %F(Anode), A1 A®(1st Stack), 3 A =(Charge
Generating Layer; CGL), A2 =¥ (2nd Stack), % S (Cathode)S E3F3}e] o] Fo|At},

471 Al 2=8(1st Stack)2 471 &= (Anode) “doll 3 d=o] A (Blue; B) 3& ddt}t, ojef 22 Al &~
H(1st Stack)E AF FY=(Hole Injecting Layer; HIL), A& % Z(Hole Transporting Layer; HIL), g%
(B)e] w43 (Emitting Layer; EML), % A} 4=4F(Electron Transporting Layer; ETL)S X3}slo] o]Fo3R]

o}

A7 Ast S (CEL) 7] Al =¥ (1st Stack)?} 7] #|2 ¥ (2nd Stack) Aloldl EAE A7) A1 &~
Bl (1st Stack)®} A7) A2 2~®(2nd Stack) AlololA AsS #HHA =H3c).

rlo

71 A2 28(2nd Stack)> 7] Ast AAHS(CGL)F 7] S=F(Cathode) AFolol] A= o] B=Al(Yellow
Green; YG) 4 23438k 4= <t} o]e} & A2 2¥(2nd Stack)S AF F=EHZFHIL), F=A(NY6) w33
(EML), A=} 4= (ETL), ¥ Hx} F9U=(Electron Injecting Layer; EIL)S 3¥3}slo] o] Fojzit},

o9} o =y o {7 WG A= A Al 2" (1st Stack)olA wEeEtE= MBS F3 A7) A2 ~¥(2nd
Stack)oll A WFst= S5 (Y6) Q] Fo] £3ts| o] Wale] Fo] WEHT),

aEu, FHel f7] B ks v 22 dRel

o)

Zole) A% A7) Al 283st Stack)el FHIE FAB)S) WASEIL)] B ERES el A, o
S} 2 ¥y SHER wY nae] 24 Gk mebd, Fd 7] 0¥ 24E 4] 9% 2AES Egehs

A (B)e] W= (RML) ol o)A E&o] Wolx= whdo] 9lt).

79 dEd T4

Bogyge ] BAS egs] A4, FF3 2T, % Y] FF0 gr] &F Aolel s YA 3o
WY PSS TG shte] 282 TPl olFolAm, 4] WYFEL FrE B, A9 P =
E g ) s2E BAe AES 47 P9 §Y =AED AU ANE A9 uRe wFst] ofF
AR f7] WY 274E AT

Bodge /1% gl FulE w4 EAA2EE, W ] ue EAA2ES A Ul 471 0 a5
B 2gstn, A7) H7) BY AAE FE &, % ] FT ) &F Apelo] FulsEm 3 & u
she WYFL TG shie] 26 £Fae] ool x, AV WYFL TAE BY, I IF U=
9 7] E2E BAe GAES 4V Mo ¥F mRED AUsE AE AW WARe EFete] o Folx
7] WY BA BAE ATA,
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(Cathode)& E3sle] o] Fojxit},

d 24 ITO(Indium Tin

271 F=(Anode) S AxA 2 A¥4(work function)’} ¥ FH3I = 2|
A 4 JANE, WEA o A EHE A

Oxide), IZ0(Indium Zinc Oxide), Sn0, ¥ 7Zn0 & XF3}o] o] Fof

55 dFow oFolAxL,
[e)
[e)

237] A1 22¥(1st Stack)e 7] F=(Anode) Aol BAE o] FM(Blue; B) BS wrisith, o]9} e A1 ~
Bl (1st Stack)> H¥ FYUZF(Hole Injecting Layer: HIL), #11 A& 4% (1st Hole Transporting Layer;
Ist HIL), A1 &35 (Ist Emitting Layer: Ist EML), 3 A1 x4} 5+&3(1st Electron Transporting Layer:
Ist ETL)S &slo] o] Fojxit,

371 s FYS(HIL) & &7 %= (Anode) gl 4=, MTDATA(4,4" ,4"~tris(3-
methylphenylphenylamino)triphenylamine),  CuPc(copper  phthalocyanine)  H+&  PEDOT/PSS(poly(3,4-
ethylenedioxythiphene, polystyrene sulfonate) SO & o]Fo]d 4 x|k HWI=A] 10 FALE AL o}y
o A7 A FESHIL S 471 Al AF 455 1st HIL)S 7433 £ PEIYS ZHEY EgH o o]

o4 $= Q.

\

A7l Al AE 755 st HIL 2 7] 3 FUSHIL) o FA=w, TPDIN,N'-diphenyl-N,N'-bis(3-
methylphenyl)-1,1'-bi-phenyl-4,4'-diamine), NPD(N, N-dinaphthyl-N, N -diphenyl benzidine), Y&
NPB(N,N'-di (naphthalen-1-y1)-N,N'-diphenyl-benzidine) So& o]Fojd = UAXqk WE=A] o] TAHEE=
AL olutt. A7) Al AF 55 (st HIL)S PEFYO] EHEVE X85 A &2 A& At A7 AT F
FHIL Y sde BEd& o]Fold & glon, o] 5

[e) 3L
. [e)
A% 598 A AN A% % FAOR 47 4F
YEMLF AL AF $53(1st KIS 4T & Aok,

o rrr

N o

o bl h

A71 Al WF=(1st EML) S A7) Al AF 43 (1st HIL) Ao dAEr. A7) Al 3332 (1st EML)S A
3

A E 59 A (peak) I W7} 440nm A 480nm B Q] A 3

A71 Al E3E=(1st EML)S ¢tE#}Al(anthracene) %4, Fo]@(pyrene) =4 2 #H| L@ (perylene) FE=
A7 o]FojA IaFoA MEld Holk d}e] TAE B U HMo =HEZS ¥gslo] o]Fojd 42 xRk,

] =
Hle Al 7o SR EE AL olyth, Ay] Al 3= (1st EML) o) E¥E HA EHEE YF “HER o|Fo|zl

A71 AL AR =E5Z(1st ETL)S 7] A1 2333 (1st BML) Aol dAE™, JFalZ(carbazole), SAltjolE
(oxadiazole), Ego}¢(triazine), E#o}Z(triazole), #FN'FEZH (phenanthroline), WZFA}ZE(benzoxazole)
T wlZElol&E (benzthiazole) o2 o]Fd 4= AT, HIE=A] o dHgH = AL ol

271 A1 A BAS(1st CGL)& A7) Al 2= (1st Stack)®F A7) A2 ~81(2nd Stack) Alelel]l dAw o] A
7] A1 2~¥(1st Stack)d} 7] A2 2B (2nd Stack) AlolollA AFE FdHHA ZHse 9L 3},

A7 Al As ABAS(1st CGL)S A7) Al 2®(1st Stack) Aol FAEW A7) A1 28 (1st Stack)el] <14
SHAl f1A1ekE N8 st S 2 A7) N& dst AT gl FAdEH A7) A2 2=8(2nd Stack)oll AFSHA
A8 PE A ST S E8sle] o]FoF & .

] Ast AHES A7) Al 28 (1st Stack) 22 A} (electron) S FLaFa, A7) PE Ast A=
471 A2 228 (2nd Stack) 2 Z AHF(hole)S FUslErh. 7] N At 4SS Li, Na, K, =& (s 2
adzke] T4, EE Mg, Sr, Ba, & Ragl g2 47 EgLoew =349 %

At PAFL AFTETEHo Jde F7ISZd THEV =3 F o] o]Fojd 4= ),

o]

471 A2 28(2nd Stack)> 7] Al sk S (1st CGL) 7ol FdH

_7_
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2o A2 ¥ (2nd Stack)S A2 A¥F $45F(2nd HIL), A2 2335 (2nd EML) 2 A2 A& =4%(2nd ETL)S
Egako] ol Fojalnh,
471 A2 BE F455nd HTL)S 7] 211 AsF A 5(1st CGL) Aol FA =™, 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]Fo|&d < JX|wt HEA] 1o FAHH=
AL oyt 7] A2 AF $45F5(2nd HIL)S 7] Al As 4535 (1st HIL)F 5L S22 o]Fod &
RATE, Ag-ol wepr] AR Folg EAR o]Fold FE gt

A7) A2 #3335 (2nd EML)2 7] A2 4F 743 (2nd HIL) “dol FAd€Tt.

2 435 (2nd BML)2 A B) &, & 5o JA(peak) 3 H17F 440nm A 480nm i 9le] B4

A7) A2 wFZ(2nd ML) TAE B4, HAMY EHE ) 2 dXE(exciton) AL wAEL ZLFslo] o] Fo]

A7 52~E 2L otEgAl(anthracene) %24, Ito]@l(pyrene) =4 2 HHd(perylene) FEAZ o] F
oAzl IgolA AgdE Hojk she EdE& 2T 4 JATE, WEA 6 A EHE AL ofYth, A A2
1EF(2nd BML) 9 52 B4E A7) Al BEF(1st B9 2E 243 5dd BAR o]Fold F 9
Tk, REEA] T9] A EHE A2 ol

A7 Aol RHEE ¥ ZHERZ o]FoRY. V] A2 w33 (2nd EML)S] H A ¥HF =HEE A7) Al
W3 (Ist EML) 2] H Ao 3 “HES} Fds AR o]Fod 4 QXAgh, dt=A] o a4 EHE 32 oy
=

A7) AAE A QS A7) T2E FHo AdFE(S1) oy g 2w AS3(TL) oy gle] dAES
A7 e g3 =HE UdFE(S]) duyA dER Adgsls 9 ).

5 32 B EHe o Arjde mE SAE EE, dAE AY wiAE, 3 AN FF EHE Alo]9] offx|
gl 2 dAE dd &S HoFE JPgkoltt. & 394 HAH FAaTE AMAEY AY AZE EAG A
ot},

Aol AAEE 47 GAE AG AR AFF AUAGSD) AN AR 7] FY 2HEY AFY

UA(S) AME Ausa, £ 7] 52E BAG 5% JUAGD 08l GES diAt 4] AE

A vhAEe] AfetA 9 A% A7) 9% mAE %Y oquA(S) AW A
ol

oje} o], F wHel A AAlde wEw, 7] dAE AL wirfEel M 7] TAE 2de 4T oY
A(S1) #e] Al Eo] By gaapHow 7] @ =HES AdFF AUA(S]) dEE dd"d S glo]
]

o] A duA(TD) dEe 7] 32E B9 4Fd ouA(T) #ddrc
o,

oluf, A7 TAE EA AFF o (S1) @A} A TAE
OD7F Z7] 2o, A7 T2E Bdo] A3 o= (T1) #*% 3
Z(S1) e = ALdE R E3la, 4 ANE A iAE Aed ouA(T1) iz dgd=En,

0=
N
12

71 A E A wiEe] AT YA R FY] AAE AL viglEe] A | A (T il Aol
o] Apol(D2)= 7] =2E =49 dFd YA wdz 37 S2E &5 A5 olUA(TD) #HE Aol
o] kel ET 7] wiZoll, 7] A& A wpyi=e] A olUA(TD) #Me] drES 7] A= A
g uiEe] AT AUA(SD dEE dedd = dn. webA, A7l I2E S22 AT oy A(TD) wEe
A= A7) AE AL wiiEe] AT AYATD @ R Y] dAE dF vylEe] 4 uASD
Ails ARote] 47 @3 =RES AT oUA(Sh d¥E ded 5 v aga, A 3% =9 ES]
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A= o Y(S1) R ADH AAEL 74 FE(S0)E o] HA 43S 3o},

A7) AANE AG oj/ES 484 A G (Thermally Activated Delayed Fluorescence; TADF) E&=Z o]
oF 4= tl. AV AAE AL miER o]&xe= A Ad FF(TADF) EFS @3S 3= THER 7|5
SHA @3, 7] T2E E49] AU HHe dAES A7) Ao PJF =HES AU HHER AL Y
TS TN, HAo Wy g8 FIAT|A Hoh

gutdel 3y THEE= YHE Izl 8(IQE)°] Hul 25% ALY wste], 47 484 Ad G BPe Yy
A a&(1QE)o] Hdl 100%elt. wheka, 7] A2 233 (2nd EML)°] 7] €84 Ad dF ELES X3S
497y 28R g2 Ao st HA(B)e] WG a&o] 1.75 ~ 28] AL F4E F .

A7 484 Ad JH EAL o]l e o] k. a#uh, 37 A2 @335 (2nd EML)o| X FgE 484
A &G Edo] HHS dov|v EHER Y|EshA] @3 Y] A2 233 (2nd EML)o] HEe] FF EHEE
ZEsta 7] wtel o] oA EAE EU 4 ATt

A7) 484 Ad dF BFS JbtE, olagd, EE udxygrs EdetE FU|ER o|Fojd F YA
HEE A 1o A= AL ofyh

shd | 37] A2 W35 (2nd EML) oAl ZA(B) 3o WHFasS &FA717] H3lA 47] A2 ¥F35(2nd EML) U

o] AFd AuA(T1) @Y AAES 37] A2 335 (2nd EML) el 7Fe(confine) + UTh. o]& H3&iA,
7] A2 wFF(2nd EML) ] stHel 91§ A2 HE 5455 (2nd HIL) O] A olUA(T1) elde] 7] A2 i
F%(2nd EML) 9] T2E EA 45 oUA|(TD) @ HBuoh =3, 53 7] A2 @333(2nd EML) 2] Al
A A2 AAF 45 (2nd ETL) 2] 48 U (T o] A7) A2 @33 (2nd EML) 9] T2E Ed9] 453 o
HA(TD) M B} =2 Ao| updz g 4= g},

A = 282 Fxed, A7) A2 A $£45(2nd ETL)S A7) A2 w333(2nd EML) Aol FA449Y, 7huiz
(carbazole), L A}t]o}lE (oxadiazole), Egjo}z(triazine), EdolZ(triazole), HGESZY
(phenanthroline), Wl&AZ(benzoxazole) & WZE|o}Z (benzthiazole) SO & o]Fo]d = AA|RE, HEZA|

e FAE = AL oy,

47 A2 AR $5%(2nd EIDE 47 AL A% 553 (1st B3} $U% BAR o] old = 94w, A
= Ao

el FAE = AL oy,

A7) A2 Hsk AP Z(2nd CGL)S A7) A2 2¥(2nd Stack)¥ A7) A3 2¥l(3rd Stack) Atolo] FA =)o A
7] A2 2®(2nd Stack)®} A7) A3 2B (3rd Stack) AlololA HslE HHHA zdse IS 3o,

A7 A2 Ask BA4Z(2nd CGL)S A7) A2 2~¥(2nd Stack) Aol AAEW A7) A2 2¥(2nd Stack)dl] H

sHAl $1xshHE N8 dat S 2 A7) N st AT ol FAg=™ 7] A3 28(3rd Stack)ell A3

A PY A YAHFS 35kl o] Fojd = g},

A7 N8 At AAAZLS A7) A2 2= (2nd Stack) 22 HAH(electron)E FLEANF, A7) PY A =L

7] A3 2~¥(3rd Stack) 0.2 H¥F(hole) S FUalz=rh. A7) N8 As AAZS Li, Na, K, BE (9} e

obe] F4, T Mg, Sr, Ba, =& Ras} T2 &ZE EgSo2 =3HE U502 o|FoF F itk A
A 5

3 AAEE AFFEEel At f71240 EAES} EgHo o

el A= AL oy,

A3 2=¥(3rd Stack) 7] A2 A3k BAAF(2nd CGL) Aol B4 = o] HM(Blue) Brh Fopge] Fg g

ol9} & A3 2®(3rd Stack)2 A3 AF 44ZF(3rd HIL), A3 4= (3rd EML), A3 AR 443 (3rd
ETL), ¥ A=} FYZ(EIL)E FE3Hste] o] Fojxt}.

7 A3 AE 755 3rd HIL)S 7] A2 Adst 435 (2nd CGL) “dell #@d=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 4 At HE=A] 1o AH=
AL ofrt. A7) A3 AF FEF(3rd HIL)S A7) Al BE 55 (1st HIL) & 47 A2 3T 55 (nd

HIL) 3 #9437 =22 o]Fojd o AR, Ao wahA Aol 28z o]Fojd = 3.
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[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]
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A7) A3 H3FF(3rd EML)S A7) A3 BE £453(3rd HIL) Aol AR A7) A3 233 (3rd EML) & 34
(Blue) 2.t} %1%91 FE Fehe AT eR o|FoXn. FAFoR, 4V A3 $FT(3rd EML)S A
2 M(Red; R) &3 2 =MA(Green; G) WFZE FoA Holx slteo 3=
Xkt o 24, A7) A3 @435 (3rd EML) S A (Y6) 2ES3 HA[R) 2F
2}\3 jl—}_l:/\“(YG) H]— o

’ o 717 =

= 1o
o
ofy
ol
o
fr
(o]
rt
2
i

u )y o _I

N

S o

A7t 520nm WA 620nm H

T doen, FAHoR JhEA FFE e 55 HER o|Fozl a2

CHEY =50 o]Fold ¢ Q. A7) JhukEA 3FES CBP(4,4-

—-dicarbazole-biphenyl), CBP +%A], mCP(N,N'-dicarbazolyl-3,5-benzene) = mCP F%=3] 5

A3, 47 5% 222 ZnPBO(phenyloxazole) &4 Z& X ZnPBT(phenylthiazole) 4% &
T YA, WEA] T @A HE A ofyrt.

o 2
w
it}
=
ol
@
o,
5!
=
Z
o
bl
s
i
rr
oldt

o i
=
=
<
i)
L o
of\i
rlo
2
il
N
i
Y
H
=)
o

i oz

o
=2
oldt
I
& r
- Lo,
ofl
E
t
rlr
o

3L

N

o o

.
S
=

et S Z m 1o ox

e = =A(6) dgEe O So 93 3 A7) 540nm WA 590nm HY
= 1=3

F5 ABE oFold T

e o ox
W go N
i)
oj;l
ol
ol
rir
Jo
)

i
Y,
o
g T
d
1 o

m

A3 w42=(3rd EML)ol ®3¥ = HAR) @4FS o 5o vz 3 H7F 600nm A 650nm
g f71EES X9 5 9 2ol 2% REg o]2olA
E

of Aol Wy i QY mHES w5

o o o
W go N

71 A3 AR 45 (3rd ETL)S 7] A3 @333 (3rd EML) Aol A, 7]-31-}—(carbazole) L Alr]olE
(oxadiazole), E#o}f (triazine), E#|o}Z(triazole), H|WFEEH (phenanthroline), WZFHAFZE(benzoxazole)

= HlZEo}Z(benzthiazole) SO 2 o]Fold £ X uk WrEA] 10 AHE AL 0}143}_

A7) A3 AR F£4=(3rd ETL)L A7) Al AR} $£43(1st ETL) == A7) A2 AA $£4=02nd ETL) T 59
gt R o]Fold ¢ AT, Aol uEtA Aol EHE o]Fod £ T}

A7) AR FYEEIL)ES A7) A3 A= $£423rd EIL) Aol FAY™, LiF(lithium fluoride) &
LiQ(lithium quinolate) SO & o]Fojd 4= x|t wr=A] 1o AL E AL ofyr),

247] & (Cathode)S 7] A3 2¥(3rd Stack) ol Q€. A7) & (Cathode) S Ud7t e F& 4
2ZA, dFuEAD, 2Ag), tadlall), 2lEWLD) v Z#(Ca) 522 o)Fojd F JAT, NIEA] 19|
FAEE AL oYtk 7] 55 (Cathode)e ¥ WHo] wE {7 &F 2xprh sh g w9l Ag-ol= uk
Ab AFom o]Rojxa, B W] f7] g Azt AN L WAl AfelE £ Aoz oRod

o)
%S

ojef & & o] o A wE f{7] F A AE 7] Al 2E(1st Stack)H 7] A2 == (2nd
Stack)ollA 2335 FAB)e 3, = A7 A3 28 (3rd Stack)olA wEH SEAYG), HA(G) ZL/EE HA
(R)9] Feo] 3= o] WAl (fhite) Fo] WdFHT},

2 odlio]l o AA g wEW, A7) Al 2®(1st Stack)e Al WFE(1st EML) 2 A7) A2 ¥ (2nd

=
Stack)®] A2 WFS(2nd EML)©] 242} A (B) LFF o= o] Fox|7] wiiel] FA(B)e] & mio] FdE =+

58], & ol A AAjee] wad, 7] A2 2¥(2nd Stack)®] A2 F3(2nd EML) o] €84 AA FF E
o EF7] wiel, FAMB)e g 5ol By ddE 5 U

Eode F oEEe] o AAdel mhE f7] g axbe] RERARl v et k4o whE {7 g A=
A1 =¥ (1st Stack)©] Al FFZF(1st EML) 2 A2 22¥(2nd Stack)®] A2 @333 (2nd EML)©] WAE 2& A
ojstal dadh & 20 wE 7] 2 aAek sdsith. weEbd, $dd Aol dsiMe sdd md FEE
HFofshglar, ofstell M= Aol el thsiM vt sty dhot

Aes = 20 WEW, A1 29 (1st Stack)d A1 W3F=(1st EML)o] M) &4 THEE ¥
3, A2 2®(2nd Stack)9] A2 WE3(2nd EML)o] H el ¥ =HE H A3 A ¥ B (TADF) I 22
AAE A &S ¥t o] FoH,
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[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]
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. Al 22¥1(1st Stack)®] A1 WF=(1st EML)o] HMe] % THE 9 34 X
A Y EAL(TAR) I 22 dAE A uES st o]FojA a1, A2 2~¥(2nd Stack)e] #12 #34Z(2nd
EML)o] A Mol 8% =HEZS X3 slo] o] FojXit},

L 58 B gHe & g AN wE {7 @ Ao JfgFQ] v kot & o] WE f7] v &%
= A2 2¥(2nd Stack)®] A2 2333 (2nd EML) ¥ A3 2~¥1(3rd Stack)gl A3 BFZ=(3rd EML)o] HAE AL
ALsta Aed = 20 B {7 F 29 sttt mebd, sdd S dsiMe 9 =W FEE
F-oakql L, o]t A= Aolgh gl tisiA Tt dHetr] e gt

= 20 wrEW | A2 2¥(2nd Stack) ] A2 @333 (2nd EML)o] Ao &34 THE L AFA Ao I
ADF) 3 7228 AANE AY uj/fES xEse] o]Fojxa, A3 2= (3rd Stack)d] A3 2FZ=(3rd EML)©]
(Yellow-Green; YG) ¥3%, A (Red; R) ¥F35, E 5 (Green; ) W335 ToA Hoj= shfe] g

e,

2~
=
s

to &= 3 r;'ﬂ

ofd ot mn

=

=
=

=
S

ol dksled ) = 5o whEwW, A2 ~¥(2nd Stack)e] A2 233=(2nd EML)©] #F=A(Yellow-Green; YG)
B3, 8 Red; R) 23T, 2 FA(Green; ¢) LFT FolA Hox shvte] w3SS xFsta, A3 =¥
(3rd Stack)e] A3 ¥3Z=(3rd EML)o] M &% ©HE 2 dgA A9 d3F SZ(TADR) Y & A E A
A ES 23t o] FolXint.

T 62 2 oUW T thE AA e mE f7] IF Axpe] RSl g Eoltt, 6ol W& 7] WF A2z}
= Al 2¥(1st Stack)d] Al ¥F=(1st EML)3 A3 2 (3rd Stack)d] A3 23 %( 3rd EML)o] WA AL
AQletil Mgk & 5ol WE f7] g Aol sdeith, webs, sdd o dEiAE sd9E Y FeE
Folstglar, olstell A& Aoldt A3 tiaiA s AWty = gt

A&eh & 5o wpEw, Al 2= (1st Stack)9] A1 333 (1st EML)o] H Aol ¥F =HEE Xgsle] o]Fox
L, A3 == (3rd Stack)Q] A3 W35 (3rd EML) o] FAe] 3 =HE 92 434 XA ¥y EZ(TADP) I 22

NNE A WSS TFE ol T,

1o wkste], = =W A1 28 (Ist Stack)®] Al FS(1st EML)o] e g =HE 2 d&4 A
d g3 t'é(TADF)ﬂ} %‘—O— A= AL eSS EFebe] o] FolAaL, A3 £E(3rd Stack)e] A3 EFS(3rd

l

© o7& B owne ® e Qe mE f7] wF A4 AFHe guselt. w7 mE §7
= 2B (1st Stack)2] A1 ¥FS(1st EML)Z A3 =B (3rd Stack)2] #13 &43(3rd EML)
S AEd ® 20 WE f7] WY 249 FAs e, SAR A HAAE B
shela, olsfol A Aol g Aol dlalder AR du.

A=dt T 20 W2, A1 =¥ (1st Stack)9] A1 HFS(1st EML)o] FA] P33 EHEE ¥3sle] o] FoiX
a1, A3 ~®=(3rd Stack)gl A3 #3F=(3rd EML)©] 352 (Yellow-Green; YG) 233, M (Red; R) &&=,
9 52 (Green; G) HFT FolA Holk sl wFTS E T3] o] Fojxit).

o) wrasle], T 7o) wEW, Al ~®(1st Stack)e] A1l TF=(1st EML)O]
3% A A (Red; R) B335, 2 % (Green; ¢) 2335 FolA Hojx shte] whp
A3 228 (3rd Stack)2] A3 2F35(3rd EML)o] A Mo P =HES X gslo] o]Fojxi),

=M (Yel low-Green; YG)
= O
=5

gl o] Fofx|aL

O

L8 & WY T thE AA e mE f7] wad A JfERAQl kot & 8o WE f7] WF &z}
= A2 ~¥(2nd Stack)e] A2 #3=(2nd EML)# A3 A1 (3rd Stack)®] A3 333 (3rd EML)o] WAH RS
ALzt e £ 74 w2 {7 ©F x4t sdsith. wEbA, 54 A dEiAe sdd &H F5E
FoJslelar, olstell A= Aoldt T tiaiA T dgsr|= g

Aes = 70 w2, A2 2= (2nd Stack)] A2 33 (2nd EML) o] A9 & =HE H 3y XA G
&2 (TADR) 3} 7 -8— ANE A wjfES E38le] o] Fojx|ar, A3 28 (3rd Stack)e] A3 2333 (3rd EML)©]
JMel HY THEF X Fste] o]FoFiY.

1o Wkaled, &= 8o whEw | Al2 ~®l(2nd Stack)d] A2 23335(2nd EML)o] HMe] ¥4 THEZS ¥3H3le] o]
Fo]A AL, A3 2~¥(3rd Stack)®] A3 WF=(3rd EML)o] M 3 =HE @ gFA A
I g AAE AL v/ S ¥ sle] o] FojNT),
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[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]
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% 0% B ool O AAde] B f7] @Y A P9 AFH wrzolt,
%94 & QFel, B owge] A Adee] whe §7] W EA AAE J1(10), B ERA2EF20),
BEAF60), AL AF0), BAEE0), F715(60), L A2 AHT0 S L] o Foj et

87) 71%(10)2 Fe = % FRYAG G F ode FHE By, o2, Eeevtst olgd F YA,
WEA o] @A AL ol

7] ureh ERAXEF 2002 37] 719(10) delA FEe] vk, ofsh g w E
E A2, JolE MAuk(22), WEAF(23), ~2 A(24a), ZeQ) AH(24), 4

o] o] xIt},

71 AlelE A=(2D)2 A7) 718(10) Zdoll | FAEo] qlaL, 7] AlolE dAu(22)2 7] AlolE A5
(21) ol FA= i, 7] MEAF(23)2 A7) AlE AAuH(22) Aol HH P i, 7] A
AT (242) 3 7] =89l A5(24b)& 7] WEEA|Z(23) dolA MR mpstes diEl PAEo] i, B B
SHH25) A7) Az A=(24a)3 A7) =41 A5(24b) ol FAd o] Tk

Edoll= AlolE H=(21)0] WH=AS(23) ool FAH = viE Alo]E(bottom gate) TXE EAISHIAAT, Al
o]E AF(21)0] HF=AF(23) 9ol A= ® ACE(top gate) TERE o]Fo]d & Q).

7] BEEE(30) 7] v ERA2EF(20) Aol P Ve WS HusiAict. e} 2 HEkst
TG0 XE opm "y} g2 f7] ddvtem ofFojd F AN, wh=A]l de FAHE A2 opy

71 A1 AS(40)2 7] BEsE(30) doll FAE o] k. Y] Al A540)2 7] 2E9h(25) 9 4] 3
B8l (30) o] FHjE ZYES FalA A v EdXAES(20)9] =99l AF(24b) EE A2 AS(24a)
Sl

A7) AL AFUOS AET E 2 W E 4 WA % 8l BAE §7] %P 249 FF(Anode) 0 o] Fold
it

A7) WAFGE0)S A7) AL AFU0) W 7] BEEEE0) Aol B4 S G9e oA 3] 923
(50)& B5e] st Abold] 47 Qoo EH: TR FYBOEM, 7] WAZG0 M G
QECEEY

715(60) 71 A1 A=(40) 7ol FAd= ol 3

1 712(60)L A7) Wa3(50) Aollx A
F Atk F, A7) #71E360)L 3ta ¥ Byyx @2 AdHs)

3has Afolel]l Mz AdE 5 QU

T
o
N
rlr 40
i

A7 715(60)2 dedt £ 2 W & 4 YA X 8ol EAIE F7] B3 2o Al 2¥(1st Stack), A1 Hsf
AAAZ=(1st CGL), A2 2¥(2nd Stack), A2 As} AWAZ=(2nd CGL), Z A3 2= (3rd Stack)A HZE: FZE o
Fold 4 gtk wEkA, A7 F715(60) oA = WAl (fhite) Fo] WEE 5 U

271 A2 A=(70)L 7] F§715(60) el A k. A7) A2 AF(70) A=d
8ol m=AlE 7] g A S5 (Cathode) &2 o] Fol & glt}.

ki
[\l
e,
1
>~
=
N
i

ol e A7) Al A=(40), F715(60), E A2 AF(70)9 A5 TR Fed = 2 E = 4 YA &= 89
[e]

EAE §7] 2P Az o] FojA 4 Q).

Stz PR 4+ A 47l Ae EE 3
5 el A2 (0 Mo AR Y T B 73%011% g
(6091 1o FARI, 7] FA1FE0)ANA FEH Fol

o = 7] A FEst 7] §71%(6009 obelol FHd.

oV HYE EWE Fmstel B wwe] ANGES US Al Auson, B wue weA oleld A
Az FEHNE A ol B owgel A woluA @t wel delA terel Wy A %
gick. mebd, 2 owwe] ANE ANdEe B oae) )% Ak @4s] A% Aol ohie Ay A%
Aolan, oleld AAele] elste] B wHel )% Abgel WMok @AHE AL ohirh. aeBEE, olgelA 7]
3 AANEES BE WA JAH ol @Hol okl Aow olsfsioptt . B Wy nE W
A7 uelol lskol shAsIolok shm, st FEW W Wl Yk BE /& ARFe 2w Ay Welel ¥
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o
)
rlr
po)
o

2 ajAl ook & ol

[0111] 10: 7% 20: ¥ ERA| ~H

ofj

30: Heksh3 400 Al A=

50: WAZ 60: 715

oy
g
~

Cathode
EIL
ETL

EML(YG)
HTL
CGL
ETL

EML(B)
HTL
HIL

Anode

r 2nd stack

¢ 1st stack

Cathode
EIL
3rd ETL
3rd EML(YG, G, R)
3rd HTL
2nd CGL
2nd ETL
2nd EML(B) TADF ~ 2nd stack
2nd HTL
1st CGL
Ist ETL
1st EML(B) &%
Ist HTL
HIL
Anode

~ 3rd stack

r 1st stack
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S1

T1

DI S1

So

D2

oy
(%)
LN

So

fol
[>
(m
iG]
Sy

STAE A o0

Cathode

EIL

3rd ETL

3rd EML(YG, G, R)

3rd HTL

2nd CGL

2nd ETL

2nd EML(B) &%

2nd HTL

Ist CGL

Ist ETL

1st EML(B) TADF

Ist HTL

HIL

it

¢ 3rd stack

r 2nd stack

r 1st stack

Anode

o2
olg
o
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Cathode

EIL

3rd ETL

3rd EML(B)_TADF

3rd HTL

2nd CGL

2nd ETL

2nd EML(YG, G, R)

2nd HTL

Ist CGL

Ist ETL

1st EML(B) &%

Ist HTL

HIL

Anode

ki

)

Cathode

EIL

3rd ETL

3rd EML(B)_& %

3rd HTL

2nd CGL

2nd ETL

2nd EML(YG, G, R)

2nd HTL

Ist CGL

Ist ETL

1st EML(B) TADF

Ist HTL

HIL

Anode

r 3rd stack

¢ 2nd stack

¢ 1st stack

~ 3rd stack

r 2nd stack

r 1st stack
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Cathode

EIL

3rd ETL

3rd EML(B)_ &%

3rd HTL

2nd CGL

2nd ETL

2nd EML(B)_TADF

2nd HTL

Ist CGL

Ist ETL

1st EML(YG, G, R)

Ist HTL

HIL

Anode

=98

Cathode

EIL

3rd ETL

3rd EML(B)_TADF

3rd HTL

2nd CGL

2nd ETL

2nd EML(B) & %

2nd HTL

st CGL

Ist ETL

1st EML(YG, G, R)

Ist HTL

HIL

Anode

~ 3rd stack

~ 2nd stack

r 1st stack

r 3rd stack

¢ 2nd stack

¢ 1st stack
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