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A1l LA,

71 A2 28 A7) A3 2 A7t Ay $ESS Este] o] FoA|aL
471 A3 28] Ay FEFe] FAE A7) A2 298 Ay 55 FARY AL #7] Bd At
A7E 11

7]

&7 7 gl FulE Bhe EfR AEHS; 2

A7) vttt ERAA BT el FHlE f7] 2d AxE EgFetoe] o] FolA|ar,

A7 71 R 2 ded A1 WA A T ool @ el mE f7] T AR o] T f7] E

2 odyge §7] g Al @ Aoz A, By FAFoRE MRS wagstE 7] @y Aol #3E Ao
o}

W 3 7] &

7] W Axle ﬁl}(electron)% TFY43l= S (cathode) ¥ A3 (hole)S FYU3t= U= (anode) /\}Oloﬂ t”’%
ol AdE F2E A, S0l TAE AR D A AAE FFo] HFT UE FAdHE F Kl

#F 8l Aol ZAgsto] ‘?‘—V\]%(excmon)ol ABEE AL, A A Eo]l o7 H (excited state)ol A 71X1’%ﬂ1

(ground state) = HOJAUAN W35 k= AE o8 nAfolr.

ol A& 7] I Axbs =Wwwt ofvEh AAREAEA ] Y F B mA A Tl vdshA A8

F e, 58 BAags Bk 7] wF abe A gEe 2Fstel F A 24 A 484 5 9l

.

ofst =Wl FzEm Falo f7] L iAol dsiN dEsrw dt

= lav FAe 718G 2] ARl wikela, & lbe Sl f7] W sAbe] g AAERS B
T LEzet

= laold & 5 kel Felel 7] @ k= F(Anode), Al Z~B(Ist Stack), A8t A4 F(Charge

Generating Layer; CGL), A2 2¥(2nd Stack), & *u—ﬂ(Cathode)g ¥ &5}o] o] FojZt),

271 A1 2¥(1st Stack)S A7) %=F(Anode) Aol FAwW A MM (Blue; B) ¥4 (Emitting Layer; EML)<&
X Eele] o] FoXiT),

A7 Ast WAF(CGL)S A7) Al =¥ (1st Stack) ¥ A7) A2 2~¥1(2nd Stack) Afolo] dAE o] Ar] Al =
B (1st Stack)™ A7) A2 =¥ (2nd Stack) Aol AstE A 243},

471 A2 28 (2nd Stack)S A7) As AYAF(CEL)F 7] &=(Cathode) Aleolol FAHW =2 (Yellow
Green; YG) 233=(Emitting Layer; EML)S ¥ &3} o]Fojxzt},

oo} 2 Fefol R7] G Ao A, A7) Al =¥ (1st Stack)e] M (B) LFFT(EM)AA LFeE H e
B3} 7] A2 2~®(2nd Stack)2 %%*%‘(YG) W3S (EML) ol A g s Fo] E3kxo] WAl (fhite)o] 3
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< HEIY.

gy, Fee] {7 B Ak 2 e A e T 2 2FERS HoRA S3Es R4S W A
AdEol "ojA= dide] gl

;&= IbellA & 5 9%l FEel A, 7] Al 2B (Ist Stack)olA WEHE FA(B) Fell olEA it
el Al atte] d]a shdo] vehba 7] A2 2¥(2nd Stack)ellA WEEE ER5AN6) el osA
& el Al shtel A sbgo] yEehdth. ofeb o] Fubd tiellA shihe] va spguto] uehdo =M

Lo N

FEG F s A A9 BEET meb ARdEe] "ol wae] vk 53, Felel A5 47 Al
8(2nd Stack)®l FFANG) FFFEULE FAA HAGF AARE FAA Fdl, o] A AR
Fafo] we BAZL .

w59 1§
Al A

® was AQdEe] "olx= T £AHS sk faA dEd = lao] oA A2 ¥ (2nd
Stack)ell 52 (Y6) LFS(EML)F B=o] AAR) L35S F7F=2 AT 71 T Akl disiA H=Ed

e,

oA, Pold f71 BY 247 wbg el d sl M3 342 dehdn gd deeld el o

2 94 dea Hel 4% A A9 f3 Bge A Hn wmd AA@e] Fasr s
steleh ey

ey, A2 2= (2nd Stack)el FEA(YG) 3 (EML) 2 A A (R) @350 g
Fo] ojxl= EAZF 2AEE, 22 A MAEE] AHNEA FeS FAsct.

webd, B owge AA@F 540 1Y BEe B
F a9 aF olgW 7] WY B AT AFHE

79 §d T
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Stack)2 ¥ FY3(Hole Injecting Layer; HIL), A1 A
A1 EF=(1st Emitting Layer; 1st EML), & Al A} &=
Z3ste] o] Fojxt},

AF7] & FJ=(HIL) & A+7] 9F=(Anode) Aol HAQ L | MTDATA(4,4' ,4"-tris(3-
methylphenylphenylamino)triphenylamine), CuPc(copper  phthalocyanine) %+  PEDOT/PSS(poly(3,4-

¥ 445 (1st Hole Transporting Layer; 1st HIL),
4Z(1st Electron Transporting Layer; 1lst ETL)S

ethylenedioxythiphene, polystyrene sulfonate) SO & o]Fojd = UX|qk WrE=A] 10 ?&7(43]‘“ AL olY
o AV Ay FASFHILDS 47 Al As £55(1st HIL) S 748 249 PEIYY EHEVF =3 Fo] o
o]xl 55 o1t+

271 Al Ay FEFAst HIL)2 A7 BE FYSHIL) ol P85, TPDIN,N'-diphenyl-N,N'-bis(3-

methylphenyl)-1,1'-bi-phenyl-4,4'-diamine), NPD(N, N-dinaphthyl-N, N

NPB(N,N'-di(naphthalen-1-y1)-N,N'-diphenyl-benzidine) o2 o]Fojz& <=

AL ol k. A7) Al AF $45%(1st HIL)S PEFY Y EHET ¥35 A & AL

%(HIL)T% AT EAR o]Fold g dom, o] A9 FdT T A A& T2 FAHoRE U] A
o]

SHIL I A1 A& 55 (1st HIL)S 4T 5 A

’ -diphenyl benzidine), L&
QAT wEA ol 9y

471 Al %%g(lst EML)L & l xﬂl 4E wES (st HIL) Aol F48v. 471 Al 245 (1st BML)2 A

dE 9 ¥ (peak) T HH7F 440nm A 480nm W] HA F

A7) A1 3= (1st BML)S 34 (B) &

S Wgst £ Qe fUIEAS XY 4 9on, FAH ez, otEZtAl(anthracene) §%=A4, dho] @ (pyrene)
fFEA 2 LA (perylene) FEAR o] Fojxl LFolA AEE Hojw shte] TAE B HA =HEV}
T3 5o] o]Fold 4 QA Wltx] 7o A EE AL oflr),

71 A1 AR S (Ist ETL)S 47] A1l w33 (1st EML) 7ol #4¥w, 7hilE(carbazole), FAM olE
(oxadiazole), Eg]o}Z(triazole), I FEEH(phenanthroline), WZFAE(benzoxazole) = WIZE|o}E
(benzthiazole) SO & o|Fod = YA, W= A] 1o A E = AL ofUt),

271 A1 As AAAZ(1st (GL)S A7) Al1 =¥ (1st Stack) @} A7) A12 2~¥l(2nd Stack) Aolol] &Ad=o] A
A7) Al Ask AAS(1st GL)S A7) Al 2€(1st Stack) Aol A =™ A7) A1 29 (1st Stack)e] <A
Sl sk NG ek A4S 2 A NG dat A4F el BN A7) A2 2E2nd Stack)el EHA
1Ak Py Aet BT Tl o] Fold & Uk,

A7) N& Adst AASFES A7) Al 29 (1st Stack) & HAA(electron)E FYsFa, 7] PE At A&
271 A2 .&4( nd Stack) 22 A¥(hole)S FAss=tt. A7) N& Ast AAZE Li, Na, K, T (¢ 2&
aze] 54, EE Mg, Sr, Ba, & Ra®} 22 478 EF£02 E3H fU|5oR o|FAd F Qv A7
Py A3} AT AF3FF5sEHol JdE A7Ede EHEY B35 ]—Foﬁ A Q.

A7 A2 2¥(2nd Stack)2 7] A1 At AAAS(1st CGL) Aol #AFE o] HM(Red; R) 3 E =52 (Green;
G) FE& EFE 5 v},

o]

9} e A2 2~¥(2nd Stack)e A2 AFE $4Z(2nd HIL), A2 2333(2nd EML), A3 233(3rd EML), ¥
2 A2} 4% (2nd ETL)S X g3le] o]FojHt),

471 A2 AE F455nd HTL)S 7] A1 A3F PS5 (Ist CGL) Aol PA =™, 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]|Fojz& 4 AT HI=A] 10 IAHFH=
AL ottt 7] A2 AF F55(2nd HIL)S 7] A1 A 55 (1st HIL) T 543 Ed=2 o]Fojd F
A, Aol weld Az Aold BAZ olFold £E Ut
A7) A2 3E(2nd BML)-2 A7) A2 AF 445 (2nd HTL) Aol FA=c}.
&7] A2 EFF(2nd ML) AA(R) F, dE o I3 37 HH7F 600nm WA 650nm H e FES
#e & gon, PAdew AlEA R FE 34 B olwoln BAE B

=2
o] o]Fo]z 4= ut. Aby] FMulEA 3}EE-S (BP(4,4-N,N'-dicarbazole-biphenyl), CBP

2 ol

Jo = o
i1 lo e
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A, mCP(N,N'-dicarbazolyl-3,5-benzene) =¥ mCP HFEA S5& XTI ¢ Y, A7 5 FEL
ZnPBO(phenyloxazole) &% Z& @& ZnPBT(phenylthiazole) & & £S5 ¥3a 4 g},

A7) A3 @F3(3rd EML)S A7) A2 w33(2nd EML) Aol @A €t}

s, Agidoz AuAS datsl= Al A2 WagE(2nd BML)ES Fo] WExE
(Anode)ell 7MgAl wixgto 24 wlo]a 2 FWE](Micro cavity) &35 JA1Z 4 ).
A7) A2 AR £45=(2nd ETL)S A7) A3 233=(3rd EML) Aol AW, Fhul=(carbazole), 2AltjolE

(oxadiazole), Edo}=Z(triazole), A FEZH(phenanthroline), WEALZE(benzoxazole) FEE HWIZE ol
(benzthiazole) SO 2 o]Fo]d 4 YAuE HIE=A] 710 FAHE AL ot}

fan

A7) A2 AR 45 (2nd ETL)2 A7) A1 AAF 45 (1st EIL) 3 $Y3 EFZ o] Fod 4= UA|qh, Hi=A]
a9 AEE AL oYt}

A7) A2 At BAZ=(2nd CGL)S A7) A2 ~®(2nd Stack)®F A7) A3 ~®B1(3rd Stack) Atelel] dAE o] A
7] A2 2= (2nd Stack)™} A7) A3 2B (3rd Stack) AlololA HalE HHHA 2dse IS 3o,

A7 A2 A AAZ=(2nd (GL)S A7) A2 2= (2nd Stack) Aol AW A7) A2 A= (2nd Stack)el AA
SHAl YAt N8 st S 2 A7) N& st AT gl FAdEH A7) A3 2=8(3rd Stack)oll AF3HA
A3 PE At YAFS E8sle] o]FoFE & .

7] N& At A A7) A2 29 (2nd Stack) &2 HA(electron)E FL&FL, A7) PY et BAHAES
A7) A3 2B (3rd Stack) 22 AFF(hole)S FYalFt. 7] N& At PSS Li, Na, K, =& Cs9f ¢
&7 54, EE Mg, Sr, Ba, ¥ Rast £ ¢ZE EFH0E E3dH fU|ToRE olFoA F nt. A7l
Py Hal TS AITFEsYol e A7IEZ EHET =g Fo] o]Fojd 4t

A& (2nd CGL)S A7) A1 A8k BAZ(1st CGL) I L3 B4R o]Fold 4= QA Wk=A]
ol FAF = AL oy,

B(3rd Stack)e A7) A2 el AAE(2nd 6T A7) £ (Cathode) Abolol @gEo] A
WFY 5 Aok,

oj9} & A3 2¥(3rd Stack)2 A3 AF FEF(3rd HIL), A4 @43 (4th EML), A3 #A F5ZF(3rd
ETL), 3 A2 FUFEILS EFsto] o] Fo|xlt},

A7 A3 AE F553rd HTL)2 A7) A2 A3t AAS(2nd CGL) “gol &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), %E+&
NPB(N,N'-di(naphthalen-1-y1)-N,N'-diphenyl-benzidine) S22 o]Fo|d 4 At HEA] 1o SAH=
AL ofUth. 7] A3 AF 55 (3rd HIL)2 7] Al A3 F535(1st HIL) e 7] A2 AT 435 (2nd
HIL)ZF 5¢3 B4R o]FAd 4 UXA|RE, A5o waba] Aolsk L2 o|Fojd F% Q.

A7) A4 FH3(4th BML)S A7) A3 AE $53(3rd HIL) Aol dA 9. A7) A4 233(4th EML)S A
(B) #E Wy A4 BHZ o ojFolqTt,

= [s] f

7] A4 (4th BML)2 A (B) F, dE E° FA(peak) T HLI7F 440nm A 480nm B9l A 3
A

=0 [o 3N}
S WgE § Qe R %e‘—% ¥31g $= o pAAFHoR | ¢tEd Al (anthracene) %A, dto]d(pyrene)
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FEA 2 AL (perylene) FEAZ o]Fof3 IFAA A8lE Aok el T2E o A =HEV}
T 5o] o]Fojd 4 QAITE, HEEA] 1o g EE AL ol
AAefle] w2, A7) Al 2=8(1st Stack)Z} 7] A3 22¥(3rd Stack)e] Z}7} HA(B) TFT

=
EF3}7] o M(B o Wy mael ¥R & Atk

X471 A3 AR 4% (3rd ETL)S A7) A4 w333=(4th EML) Aol AW | JFulZ(carbazole), ZAltjol=
(oxadiazole), Edo}=Z(triazole), A FEZH(phenanthroline), WEALZ(benzoxazole) TEE HWIZE ol
(benzthiazole) o= o]Fojd 4= QAT RE=A] o] A EHE= A2 oYt}

71 A3 AR £452(3rd ETL)S A7) Al A} £452(1st ETL) == A7) A2 A2 5452 (2nd EIL) T =9
St 4= o]Fojd 4 AN, A mEkA Aol EdR o]Fod Fx .

A7) AR FYUEEILS A7) A3 AR £4Z3rd ETL) Aol #4549, LiF(lithium fluoride) ZE&
LiQ(lithium quinolate) SO &2 o]Foj& 4= x|k, wWt=A] 19 AATE AL ofyr),

271 &= (Cathode)2 7] #13 2~¥8(3rd Stack) el A HAT. 7] = (Cathode)S dstF7 Fe F55,
24, FRUEAD, S4g), FlEN), AELD) EE 24C) 5o olFid F 3 ¥
A= AL o,

ol9} Ze E el A AAde mE §7] g axfel A= A7) Al 28 (1st) 9] Al HFS (st EML) T
7] A3 ~¥(3rd)e] A4 WFZ(4th EML)OIA 2Z® HA(B)o F, A 1 1 2" (2nd Stack)e] A2 wP=
(2nd EML)OlA] sl A A(R)S] 33 2 A7) A2 2= (2nd Stack)e] A3 4= (3rd EML) oA 238 =A(G)
o] Fo] Egtw o] wAl(White) Fo] wFHT},

oluf, MR ¥, HA(GY F, 2 HAMB)2 Fo 88 FHAT] e V] Al EFF(Ist
A2 WFZ(2nd EML), A3 &333(3rd EML), 2 Al4 FF3(4th EML) S A3 HAE HH3T a7} o,

HA6) B AR S DFee dFEde] afol vlgte] ANB)Y FS wFste dF=HEY G850
< e adste], 4, MBS EFsks Al W3S (Ist ML) Al4 EF3(4th BML) 2] A5 AAE A
gotal, o Foll, A7 AAR)S EFsks A2 EES(@nd ML) 47 SA4(0)& e A3 23S (8rd

A7 A2 wr33=(2nd EML)®F A7) A3 2333(3rd EML) 9] A= 9= A7) A2 ~89(2nd Stack) We] A2 A

45 (2nd HTL) 2} A7) A3 228 (3rd Stack) o] A3 ¥ 445 Grd HIL) 2 FAE ZHste] AAHAT &
Atk FAHoR, A7) A3 HEF 55 Grd HIL)Q FAE A2 4F $%55(@nd HTL)9] FARG T84 ¥4
stoza, A7) A2 WF3(2nd EML)Z A7) A3 ¥33(3rd EML)S A7) %= (Anode)d} A7) &=F(Cathode)
Atole] AAgk 91xlo] AT = Qla, 1o wep, AAMR)F 5G] HF EE&S FHAZA 5 ATt

oA, olef e = 20 WE fY] HF axte] A HAAR)E HFste A2 $FS(2nd BML) I S8(6)E
sk A3 TFS(Brd EML) o] AE Halms FAgso] A7) wlidl, 7] A2 #3335 (2nd EML) 2 7] A3
133 (3rd ML) 9] A5 X5 AAst=d dA7F k. oleh o], 7] A2 ¥FS(2nd EML) T 7] A3 %
F=(3rd ML) A= Hilﬂ HA 3 = A Bl Alokzbel] mel AMAF Wyl AR AAjopz EAo] HojH &
=

o|glol| A= Alokztel w2 A WEE FojA] MAJobzt EAS A 4 E 2 dEe] g2 AAde w)
2 f7] 3G a2 disiA Ager|E gt

T 32 B EHe g& AAde] wE 7] @d 22e] JfFEAH]] diEeltt. & 39 wE §f7] g X
A2 ~¥(2nd Stack)olA AA(R)ES wFste A2 35 (2nd EML) T HA(6)S dste A3 #3335 (3rd EML)

Atolo Wk A3 (Emission Control Layer; ECL)°] 712 PFAHH RS AYsta A&t = 20 & {7] &
I At sy, wEkA, olstol A= Adeolst A 52 AWsr2 St

T 39 mE f7] G AAoAM = HAR)S FFEE A2 $FF5(2nd EML)F 5A4(6) S HEstE A3 wFS
(3rd EML) Apolell g - Z(ECL)o] F7t=2 FAPOZEMN, Aokl mE A4 Wy FojEo] Aok &
Aol dadd 4= ).

5, & 39 W2 7] wF AR A, ] g 243 (ECL) O A ] AAR)E Hgste A2 HES
(2nd EML) ¥} =5A(G)S 2333l A3 ©3435(3rd EML)o] M= olA%a, 1o wel A7) H24(6)S &¢43te A

O
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[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

SIHSd 10-2018-0062222

3 @333 (3rd EML)©] 4= (Anode) Rt} &= (Cathode)oll 7F2Al HAXSHA =Hol =4(6)e] &g d&o] T7HEL
Alokzte] wE A Wyt ZojEA Hr).

7] wsg 2AF(BCL)S HAb(electron) ©]%Fo] fold AF, oF Eo A7 Al WA A3 AR $535
(Ist~3rd ETL)¢] =43} 2 A #F& 54| v Amek Ae(hole) olFe] &l Am, A5 5o &

AL WA A3 FE 4255 (1st~3rd HTLM =243} o] Ay w5 5A4cl %
ATH. 7] G iéjo(ECL)O s X47‘}(electron) o7 A& (hole) ©]

5=
E 4t 2 el AAd 13 A6 26 B2 7] W 23] g wRAslE welFt Tdxelt. =
e A&# & 20 M2 7] WY Adoln, AAeE A&E % 30 mE 7] BY aAolr).
% 404 o & gl%el, AARE WAt A2 WHF(nd LT S 2 wFE A3 FPF(3rd BIL)
Apolel W 2AFECL)S Fold Ao 27F 47] W 2AFEL)S FlehA G AAld 1o wske] i
520mme] =A4(G) shgelel WEAZF R ok & ek

o

w3, AAle] 27F AAld 1ol wlete] kgl &S (shoulder) Fto] EEA Ho] ATt FEES &

E 5 ¥ wgel AAd] 13 Aale) 20] W §7) WG s Aope] mE AWMEES wolFi el
O SolA AAe 1& A%F £ 20 mhE f7] BY adeln, e A% £ 3o B f7] BY &

E 5 & g Q%] AAR)E EHSE A2 HFF(2nd EML) T 5A(6) S TFshe A3 #2335 (3rd EML)

Z(ECL)ES FHsk AAld 271 A7) @3 243 (ECL)S THISHA &2 A 1°ﬂ H|ake] Alof
sh-&o] ZFouEv S & F k. wEA, v #F 2ES(ECL)S THIgE AAld 27 A7) i
TH|EEA] & AAfe] 1o HEte] MAJokzt BEAo] FFEE & F Ut

T 68 UUE 242 AR U 2452 A8 mE Saud BgA7] e molFe aEes, o

r
X<
&
=3
o
X
(2
—
=
By
%
&
(@)
=2
8o
il
N
ox
lo
1]
o
BN
i)
ofj
tlo
a
oo
et
po
o
1\1

ol E 18 A1 AME WA A6 ME gz gk @5zl g & (external quantum efficiency; EQE), & =4
(Green)¥ A (Red)2] A3te w447l (Normalized Intensity) 235 HojFEt},

£ 1
ECL EQE Normalized Intensity
P-type E-type Green Red
A1 10 0 20.0 1 0.10(H"24)
ME 2 7 3 19.6 1 0.36
AE 3 5 5 20.4 1 0.48
ME 4 3 7 19.4 0.71 1
AE 5 0 10 17.8 0.15 1
AME 6 Bipolar 19.5 1 0.46

A9l x 1olA, AE 12 A FF 545 7T A5(P-type) o ® ool Wy 2-F(ECL)S ©] &3 A
olar, ¥E 2= A¥ FF 54 THIT ARP-type)st A #F 54 FHIE AR (E-type)d] FTHHIIT
7:30.%2 o]Folxl g HF(ECL)= 01%} Aolal, ME 32 A¥ % 54& THIE AR (P-type)ot HAt
TE& 58S 7R AR(E-type)®] T@H|7L 5:50% o]Fojxl g 2HF(ECL)S o83 Aolil, A& 4%
e v 5S4 TR ZHE(P—type)g‘r Az wF 545 R AR (E-type) ol TBH7F 3172 o] Fofxl
F 2ESE)E ol&7 Aolar, AE 5= A & SA4s THIE A& (E-type) oz o] Folxl oF 2HS
(ECL)S o838 Zlolar, AE 62 F=A(bipolar) AEE o] Fojxl g £HZ(ECL)S o] &3 7]



[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

SIHSd 10-2018-0062222

6% % 1& #Axed, AF 2, AE 3, AF 4, © AF 62 JFEYA A S (external quantum efficiency;
EQE)e] 43t =M (Green) 2 A M (Red)2] A fsld #33A|7](Normalized Intensity)® S & &
o}

wEha] | A7) s Z2EE(ECL)S YA (bipolar) ARZ o] FX ALY T Ax 4 EAS pHE Anet
A T& AL 9IS AR Atole EH|Eo] 3:7~7:39] HAE A= Ao] upgAEgS & 4 ).

53], A& 2, MF 3, © AL 4 FoA AL 39 AU AE 2 D AE 49 H|ste] 95t E & (external
quantum efficiency; EQE)¥} =2 (Green) % ZM(Red)o] A t3l¥l 23347 (Normalized Intensity)”} -3+

o 2=
S g 59l

2AFELC A4 55 54 TS ARG AT 55 5L TR ARe ERER
A Sd QS T AR E SE BAS PN AR ool EPIEE 559 A

7 R 2ASEC) ] 7 WSt mE AAjopt 54 WSE HolFe ot

=72 = 3o wE {7 W axfelM I AT (BCL)S] FAZE Wakstel] uheh Majopzt o] wsheh=
EES HoE. = 7dllA & 5 gkol, i%—_-i%(ECLM Tvﬂﬂ 50A, 100A, % 200A°= 57}%#011 ut
2} 607 o Alepztell Al AWshE

E3), 23 2EZ(ECL) Y FA7F 30049 A9 @3 2HZ(ECL)o] AF8%A 242 F(ECL 0)ol Hlse] 60
° o AlopZto A A slgo] 238 AA HE

weba], 7] g 243 (ECL) o] FAIE 300AR| e s MAst= Zlo] vighz] sttt

T 82 Hlae], AAje] 1, & AAJo 20] wpE f{F7] TG Az er%}tH%‘ BF AVE BT agze]ar,
T 9v Hlad, AAe 1, 2 AAld 26 W& f7] g Axpe] Al §HE HojFE agzola, & 102 Hla

o, AAe] 1, @ A 20] WE {7] EF A Aoz w}a A SES HolFE g xolr),
ofg] ® 2+ Hlale], AAld 1 W HAH 20 WE F7] FF Ao gtk & 8 WA E 108 ZHE HoFEH

¥ 2
A28 |GEE |G MFF RES (R AxE BT2020 A okzr
(%) (%) = 3Hm)( (Au'v')
X N X Y

vlale]  |R/YG 100 0.279  10.660 [100 0.678 0.322 72.6 0.022

AN A1 |R/G 107 0.217  [0.706 90 0.692 0.307 83.8 0.030

A Ald2 |R/ECL/G |109 0.209 [0.712 |82 0.692 0.206 85.1 0.024

F 2014, Hlalds AEd = 26 wE f7] 2 axpelA A3 ©EFT(3rd EML) 22 S5A(G) thAlel A
(Y6) & TFstes BFSS o83 Zolar, A 12 A& = 20 W& {7] 4 Labola, AAld 2=

=% = 3 wE f7] B Aol

£ 8 ¥ 204 & S glel, Al 1R Axe) 29] 97} Haele] wakel AMR) Fo| WH EES @
AAAR HA(G) Fo) WY EEol PPFEL ¢ F Advh F, E g4 & 5 dFel, ¥4 A F(Green (L)
o W2 e Arle 12 A 29] %4 shgoel W3 49 AL & 5 v

webd, AAel 1% AAe) 29 97 wlmelo] vske] AeEst gE S ek, 53, A 29 B9t
ARG 1] ulse] HA(G) Fel W gl FAFOl AwAt $4FE & 5 AT

90 E 204 & 5 o], AAd 1R A 29 A5t wlaelel] wste] BAT & A= A WA
e g AAdEel SHLE L F G 53l AAN 29 AL DA 10 Mael LA S g
4 W97t o aeb A4 dgol e,

g1%ol, el 18 el 2% ulaele] ulske] 60° o AloFzlel A AhAsEo] Tha
2= Ao 19] kel 60° o] Alopztel A Amslgo] A3 wlao]she] Aol
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[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

SIHS3S 10-2018-0062222

b AA @es & vk wEA, AAjd 28] A9 AAle] 1o mlste] Mozt 5o dFHEE &

T 112 B ¥ o Ao w2 {7 @ A A g dHERA o AEd ® 2 EE = 3
of W}E f7) WG AAE L3 Aot}
T O1leA & F 9dko], B dde] A AAde] wE fr] 23 F EAXAE S

g A A= 71(10), 9y
(20), HF&3}F(30), Al A=(40), WAF(50), F715(60), R A2 A5(70)& E3Fate] o] FolXitt.

$7) ey ERASHE 200 4] 71FH10) A G} Utk o]gh e Mk EWAAEF(20)S Aol
E A3, Aol BAuh(22), MEAZ(23), A AFH(2a), A AI(24p), D RETH25)S Eitato]

71 AClE A1 471 718(10) el " FAdE o, 7] AlelE dAw(22)L 7] AllE A=
(21) el @F4=o] 3lar, 47 MEAF(23)S A7) AlolE dAU(22) el e A lar, A s
A=(24a) 3 7] =29l A=5(24b)2 7] RE=AIS(23) BollM M= vistes sie d45 o] lar, 47 B

FUH(25)& A7) A AE(242)F A7) =0l A(24b) Abol| A= o] ).

ZHolE AlolE

A2 0] RE=AF(23) obeflol A H= v Alo]E(bottom gate) T%E =AISFAAIRE, 7
olE AIF(21)0] wE -

A%(23) 9ol FARNE § AN E(top gate) TEE o] Fojd &
47 BRAFGOE 37 e EAAZEZ(20) dol B4 /1% EAS FRSAUG. olst g Pl
FG0E EE olmds g §7] AAoR ofFold + YW, WAl o] BHHE e okt

©O:

271 Al A=(40)2 A7) Fesks(30) Aol dAE] vk, 7] Al A=(40)2 7] BEE(25) R 7] ¥
g5k (30)0l THlE FEES FaA 7] 2 ERAAES(20)9] =9l A=(24b) e A2 d=(24a) 3

SEE SIS

271 A A=5(40)2 AEd g Al F=(Anode) o2 o] Fo]d = St}
3

o

O

47 AT (5002 ”7] AL A=(40) B2 7] FEES(30) ol FAE st d9E Ao, A7) Was
(50)2 H=9] 3tas Abole] Al 9ol MERE FxE FPFoRA, 7] WA (B0)l osiA st 9

SEEEES
A7) §71%60)E A7) AL AF0) Aol BAH] AT A7) /71%(60) A7) WAZ(50) AelE B4=
ST Z, A7) f71%60)e Sa Ae Belna g3 Qe sa Alld A% 974" 4 gl

A7) §71%(60) A=d ® 2 = & 39 Al A®(1st Stack), Al AdF AWAZ(1st CGL), A2 A= (2nd
Stack), A2 A3t BAd=(2nd CGL), 2@ A3 2~¥(3rd Stack)?] A& Fx= o]Fold == rt. waha, A7)
G712 (60)o A= WA (White) Fo] W= 5 r}.

71 Az AFT0)E A7) F715(60) ol FAE] slk. A7) A2 AF(T0)e AT TF AN el 53
(Cathode) 2.2 o]Foj& 4= Qit}.

olsh ge A7) AL AFG0), #71560), L A2 AF(T0)e] AF FRE AEH E 2 EE E 3 g §7)
W a4z ol Fold £ vk,

9, wASAE ST, A Sadt 47 §71560 A FESE WA(hite) F& g E2 B
S A% Aol WeF Fow Pl 5 n ) Ao el gel olEAw Al AAEL 3, ) 3]
FE0)NA WEE Fol 3l /|w(10) WFOE APsHe 491 vhE o) (Botton Enission) WAl H5ol

= 47 Ay E7F 4T £71560)9 ofel dAEI, 4] £71560)dA WEE Fo] FE A2 e
(70) WEFo g APst= A9 @ onA(Top Emission) WHAlel o= A7 Ag FAE7E A7) #715(60)9
Aol P},

WS O]/‘c}% A7) 9F=(Anode)o] FH A o]Foix 1 A7] & (Cathode)o] WAL T O 7 o] Fo|z] Ay
] 1 2~®(1st Stack), A2 2= (2nd Stack) L 71]3 B (3rd Stack)ollA 233t Fo] 7] F=(Anode) WO
WEE = ﬂﬂ g §7] wFAae] disiA AW ARE, B wgo] wiEA] o gy e 2l ofya,
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[0121]

[0122]

[0123]

SIHSd 10-2018-0062222

7] F=(Anode) o] AP F O 2 o]Fof2 1 A7 &= (Cathode)o] FHAFOR o]Fofx 47| Al FJJ(1
Stack), A2 2®(2nd Stack) @ A3 2~ (3rd Stack)oﬂf\i ukgsk o] Abr] &= (Cathode) Wako = HI=

g g 7] WEadE E3HE

N'J

A7) 2R Wb {7 @ Axke] A9 A7) A2 2" (2nd Stack) Well FHIE HA(R)S WHEStE A2 RS
(2nd EML)o] =5A(()S w33l A3 w435 (3rd BML) B} 7] F9A=9 S=H(Cathode)oll Bud 71A wiX]
2 4 9l
ol HEH =g Fxste] B dyel AAAES G M dYyeigloy, B UdHE wEAl oz A
Ald 2 FesE s AL ofya, & W JeAPES "doux] &= B9 JdA] gdsiA Wby AxE S
A wpehA], 2 Ao JJAIE A EL B U] Ve AMFS 5] g Flo] ofyEt Aetr] fgh
Aola, olyg AAjdo] <oty B AP 7|& APFY WYL dAFE AL ofyn, ajng ) oA 7]
=3 AAdEL BE oA oA]AQd Aol g Aol opd Flow ols|soryt gl I U] BT WHeE
A HRol 9t Ao ok sl 19} TEg HE Ulo v EE V& AME2 B dwyel A Hee x
st Ao A ojor & Flolr
2z 479
10: 7% 20: "t} EAMAAEHF
30: FerstE 400 A1 A=
500 WAZ 60: 715
700 A2 A=
Lg%}
EHIa

Cathode

EML(YG) r 2nd stack

CGL

EML(B) r Ist stack

Anode

_13_



EHIb
1.2
14
2
Z 08
2
RS
E 0.6 -
5
E 04-
Z
0.2 1
0 . T T
400 500 600 700
Wavelength (nm)
EHH2
Cathode
EIL
3rd ETL
4th EML(B) > 3rd stack
3rd HTL
2nd CGL
2nd ETL
3rd EML(G)
r 2nd stack
2nd EML(R)
2nd HTL
Ist CGL
Ist ETL
st EML(B)
¢ 1st stack
Ist HTL
HIL
Anode
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EH3
Cathode
EIL
3rd ETL
4th EML(B) q 3rd StaCk
3rd HTL
2nd CGL
2nd ETL
3rd EML(G)
ECL » 2nd stack
2nd EML(R)
2nd HTL
1st CGL
Ist ETL
st EML(B)
» 1st stack
Ist HTL
HIL
Anode
Ry
1.20
i AAA |
LOO 4y f] Al
z
&é’) 080 4\
E
= 0.60
N Shoulder
< -
g 040 1\ ,"\/ """"""""""""""""
Z A\
020 NN
0.00 T T T
400 500 600 700
Wavelength(nm)
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Color shift(Au'v')

Normalized Intensity

oy
g

Color shift(Au'v')

0.03 ~

0.02

0.01 ~

Al
------ A2

Viewing angle(Degree)

60

e
)
1

o
N
|

o
~
1

021
0 T T T T T T
400 450 500 550 600 650 700
Wavelength(nm)
7
0.04
— --— ECLOA
————— ECL 50A
0031 ECLI00A| /7
------- ECL 200A / S5y
— - — ECL250A T A
0.02 ECL 300A | 7
/// / /’,
/ ar, :,’
0.01 s
2
’/’f
0 T T T
0 15 30 45 60

Viewing angle(Deree)
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Z=H8
1.2
2
5
S
=}
S
=
£
=]
Z
0 T T [
400 500 600 700
Wavelength(nm)
DT ANl —-— A2
Green CL —--—Red CL
EH9
0.7 :
>

0.19

| | | R
,,,,,,,,,,, N S e AR
N — - — AX

0.0

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
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=210
0.04
H] L]
------- AN | ;
= ] L
0039 | ——— anel2 | |
E , ‘ et
3 : : Lo _—]
=1 i 3 Rt
2 002 S At
5 T
[=) P .
O 3 B ‘
0.01 — """""" = // """"""""""""""""""""
///
0 T T T
0.6 15 30 45 60
Viewing Angle(Degree)
EWHII
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patsnap

TRAFROE) BNAXSBHENERENEN L XE RS
NIF(2E)E KR1020180062222A K (2E)R 2018-06-08
HiES KR1020160162259 iR 2016-11-30
IR EERFAFE) FTEIERERATE
BE (T RR)AGE) LGEREBERAT
[FR1KEAA SOYEON AHN

o494

MI YOUNG HAN

2ol

JUNGSOO PARK

gy

YOSUB LEE

ol
KA OFA A

stoly

gy

oleM
IPCH#E H01L51/52 H01L27/32 HO1L51/50
CPCH#E HO1L51/5278 HO1L51/504 H01L27/3209 HO1L51/5048 HO1L51/5056 H01L27/3262 HO1L2251/558
HAEREESE Espacenet
%E(é) Cathode _
AERSKR —NMEVNEBEXSIHE  BRE—BE , F-EENRERE 3:;1

FIRAMARHNE=8F A HPF_BRIBICRXENEZERX
B. BE—FRABANERZRABFNEILXLRE.

4th EML(B)

¢ 3rd stack

3rd HTL

2nd CGL

2nd ETL

3rd EML(G)

ECL

¢ 2nd stack

2nd EML(R)

2nd HTL

1st CGL

1st ETL

1st EML(B)

1st HTL

- 1st stack

HIL

Anode
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