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[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

SIHS3 10-2017-0034067

stk 4= 9tk oS Eo], nE(400)E, FHSH BRSO AER 45E 25 FROIAY FHES, xS ¢
FiZo] AHE 4F5H 3% F2Y F v A FE(Cw), 2, ZEwPd) I 22 55 BEHA=
o]FAd 4 v},

HAE(6OO)‘“ e (500) Aol HIX E W, 93E(500) 2 AR (electron)

5 o9 EE ddgsts dsoltk. A
E(600)E, &(Ag), mbaulF(g), S-vtadld(Agily) 53 e F% 24, =& 10, 170 53 22 10
u;]i o]_,_o]ﬂ 2= oh:]r

S

o == (400) 9} AMAZ(600) Abolol] HIXE WFE(500)E, EFo] ~EI(510, 520, 530)F HFo] ~®I(510,
520, 530) Alelell fIX3h= A1 dsl AT (540) 2 A2 dst AAZ(550)S EF3E. 1 HAA oA =, o=
=(400) 7 FHAE(600) Akelell 37He] 2~¥lo] QX|&t= ZoR EAlsta AWetglont, old g a, A
Aol wel, 271e] 28 = 47) o] e 8o g Fgdd Fm gt}

Ho] ~®l(510, 520, 530) & o%==(400)9F 7 ZPgA wixE Al 2"9(510)L, Al AF F5Z=(hole
transporting layer, 511), A1 F=(emission layer, 512) % A1 X} $%Z(electron transporting
layer, 513)& ¥3-3ic),

-

Al AE FE55(G1D)E, ofmr(400)ZHE Ad Ei=
v 98-S b 94 AFEslixel, wER(500)
71 g FA] X (1000)2] EAlo] AAHE
g EA (1000)9] 54, FAHe=Z, F5 A, ¢F E% 92 Frgol] JEs mHx
W xEe thekdt AES Ea, £ TXF(mixed structure)E zZrE Al AF F5ZF(511)E dHdto A,
e
B

g EA Li](IOOO)Q] TE A%, EF a8 9 FES A
}\

= Fud AF(hole)o] EFH(500) W= L&A 553
e fF715Ee] 72 e fUISEY A5 A B
[e]

\oh. ol v R, Al e #ESGIDE 7] 2

T

AR

)

=

iv‘
>—A
S
N
L
é
=
a
=
8
2
Hel
%
i,
2
=
ot
ok
4 1
OH )

AL FH=0Gl1DE, Al
A=)

1
TE FINIIE A AL EES(512) e REH

N

Bop FAHeR ) Al AE 550G A1 E4(511a) 2 A2 E4(G1h)S £ £ 129 =
(single layer)olt}. Al A& F55G1DY Al EAGIA)L, Al AF F$FGIHOEYEH Al

(512) 0.2 AFC] olFo] FAHEE A2 EA(511h) thy] BAF o]|FErt & EAolt}. wa, Al A
S(511)9] A2 EA(511h)2 A1 HFF(512) 02 HH Al BF FFF(511) 2] AAe] o]Fo] FHAE

A1 &2 (511a) tiv] 253 x| A& (triplet energy level, Tl)o] &2 EZo|t}.

(e}
H o o

FUy o 1o

Jt opr o o

ofr

fx

Z (1D Z3E A1 52 (511a)2, A2 4 (511h) tiy] Aoz gF o]

, N=E=(400)ZEE AY == %%El 4EE B} 4 SFE(500) W=
CutE s =, Al EA(511a)o] ¢F 1X10-4ar/Vs o4 AF o|FEE 7Yoo zH,
go| Hr} gd vk, olo] wah, f7] WF ®A] FX(1000)] HE HSte

g 4= 9ok &, Al A 555110 A2 E4(511b) Win] HF ols=r) A

T O
z O
T o ot i

i 2 N o

>

i

xEggozHN, T olFo] gL &oldAER, Al FF 55611 A2 &
(511b) 2R o] Fojx &Y FF(single structure)9} Hlust] F7] Wy FA| &X](1000)e] & et 2 g

o

71 2 A AA(1000) 8] AE olE wHe FEAT] sk, Al AE FES
UAA 2 sd2 @48 HH, 33 (500) HE FAv e et dxke] 7
FA A (1000) 9] FHo]l AstE = wAZE EAAE = Ao S, AR oiE] AR A d
(500) W= Fdxlo] Faat dape] Aol A A ,\3}% =2 o] <ol F7kHaL, ol& lal WP
(500)¢] fr715E0l 45 #F71 &d FA FA(1000)¢] o] Astd = At

2 ool A Adel me f7) BF w4 AN10009 Al 4T 2EFGIDE, 4F olFEst 2 Al 24
(Glla)3h AtAoR 4F o557l He A2 BAGINS Tdahs B¢ PR oFoldond, urh goja

FGIDE AT ol5Es A
of FuA 037 F7]
we o) Aol WY

me

-

83 AFe

o
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[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

SIHS3 10-2017-0034067

| Axret AFe #FHS wE: £ . w3, AV FAEE G 1], Al AF £52G1DY Al E
x‘(511a)ﬂr A2 EA(511b)2] T HAE(weight percent) &S Ao ZH, WFH(500) e EHash
AFolyt date] o] TUMHA gorz {7 WP ®A FX(1000)9] FHe] ddE 4 Q).

23 7z Al AF £EZ2GIDC Z238E A2 EAGLIL) S, Al BA(511a) tH] Aoz 223 oz
dE(TDo] & BEFR, A1 $35(512) W DAL Al AF F453 (51O o)F5xHE A& HaAe 9
&5 g}, nrEASHAE, A2 EABGLID) o] F -2.7eV o] -2.6eV ©l3te] AtEd JduA HHE(TD)S 7o =
A, Al EEEG12) 258 ARy Fak(diffusion)HE Aol A" = Ak F, Al Y 53511 9]
e oA HE(TD o] =2 A2 22(511b)S EFo N, Al HFFT(512) 225 o)5H Al 23|

Al 3T #53GIDY S0 2ad F Aok, ol wel, Al FF £436G1D] FRA0E 45 oA
ABTDO] e AL BAGUa)ZW o] Foizl wel Tz ulaste], §7] WY EA FH(1000)9] FHel
49 % ek,

Hop pAHeR, & 3% Fastd, A2 22(511b)e] Aed duA dE(Th) Al =4(511a)9] 453 ol
WA AP (Tla) B & @& 2ed. Al A $E53(G1D 0] Ao e o] 5d oduA (Tl
a)& zhe Al 22611 2R o] Fo bl 729l A, Al wFF(512)9 A5 A wdAME(Tle)# Al
=d(511a)] 25 oldA] @i (Tla) ko] Apolol o) Al W3 (512)2HH Al ¥ 535Gl A

A7 ol i B 4 Ak AL AF FEFGID U 0% B FaE AR Al 4T FEE61D)
A £AATA A, ol= olsl f7] W EA AR (100009 FHe] FaEE BAZ olojd 4 At
woue] o Axele] we f7 WA wA AA(100009) A1 AF FEFGIDE, AoHen we gel 47

)
g ouA dEA(TIh) S 2zt A2 B2 (511h)S ¥338te &3 7%= o] FoF o:w A1 AF 5556119
Al B2 (511a) 29 o] o) g Fxeob Hluwate], Al FF(512)9 A5 Ay @ (Tle)he] o7}
ZF7VeHA "ok, =, Al 2332(512) 9] 4HEE A @ (Tle) 3} A2 “X1(511b)91 23 olux] ¥ (T1b)
o] Apol7, Al wF=(512)9) AEE oA @l (Tle) A1 E2(511a)9 453 olu=] d¥(Tla) Aol B
th F7kEe], Al $FF(512)9 AAE Al BE FES(BIDSRE Sk e olFHE Zlo] Had F Q.
olo wig}, Mxfell o) A1 AF FEE(511)o] EAEE EAV ZAHER, §7] #F FA AX(1000)9] 4

Wol g 9l

23 Fx9 Al AF £5SGIDYA 28" A2 22 (511b)2, Al E2(511a) Wiy] HOMOChighest occupied
molecular orbitals)#g®o] W EA=Z Al AF 435511 2 Al ©33Z(512) Aol Alde| A&l &4
HE AS Haslele 98-S dvh. viEAS A, A2 EF(511b)o] oF -5.2eV o] -4.7eV o]3}o] HOMOH!'E &
Moz, Al AF 53610 2 Al Al $335(512) Alele] Al AFo] H45E Ao FadE 4 9
ok =, Al A —}F‘—/&?‘o (511)9] A2 =2 (511b)2] HOMOH o] A1 &2 (511a)2] HOMOH K T} HFH o2 YA
TAEH, A T FEFGIDSERH Al HEFF(512) 02 AT FHE= FAAAN, Al 4T FEF

1A T35
(5113 A1 %%0(512) Atole] Ao Aol FAEE FAZE A" = k. ol wet, Al ¥ FET
(511)0] Aoz HoMOEI o] =& A1 E&(511a) 27 o]Fold v Fx9} Hlusle], §7] w4 TA #X
(1000)2] el fz}*c}% T Aot
Bo FAFor, = 38 Fushd, A2 B (511b) ¢ HOMOZ R (Hb)-& A1 &2 (511a)] HOMOH ! (Ha) Bt} &
@ Zreg. Al AT 536Gl AgEor = HMOH M (Ha)S 2t A1l B2 (511a) 24 o] Fojx v

Fzo|ME, Al 9332(512)9] HOMO N (He) T A1 EA(511a)2] HOMOH M (Ha) 7+e] Xfolo] &) |11 AE &

$Z (5125 E A1 $3E(512) 02 AFo] oeHE HAoA ¥ AFo] Al AF FEF(G1DHI A1 2

FE(512) Abole] Ao &= £ vk, ol& g, Al AT FHEFGIDF Al ©33E(512) Alo]e] AW

A7t s o] f7] WF EBAl FX](1000)2] Tl AstE & ST,

AN Al HFEF(512)e, Al AT FHEEGIDFH FAH Hale Fo7, dd-fr15oR

3, Al WFE=(512)3 Al AF $%’?:(511) Atelell F7F §715(dE B9, F7 AE FE5F)0l Al
551D sl wixEE 3%, A1 AF 55506G1IDY F71 5715 Abole] A &3]

Hastd 4 vk, o, F7} Tr7l S Al A 561D Y AY Hdilng, d--fr15es AHE F

ool o AAdo] wE f7] w3 FA] 4100009 A1 A FES(G1De], AoHom vk HoMoH

()& 2= A2 BAGUDES Lshs £3 P22 o 2olgomd, Al 43 5550 Al BAGIa) =Y
ool wal Fxeh ulaste], Al WHF(512)8 HOMOHM(He) o] AHol7h sl BTk F, Al WHE
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[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

SIHS3 10-2017-0034067

(512)<] HOMO#I'® (He) ¥} A2 E&(511b)2] HOMOEIE(Hb)S =AFo]7F, A1 w33(512)<] HOMOHIE (H2) ¥} A1 &
A (511a) ] HOMO#I'(Ha)©] Afolwct} FrAW B, Al A¥ F53 (5110 2HE Al $FF(512)02 3ol
ol 5= HAA, Al HF 450611 2 Al FF ?’5?(511)4 At wiAE AF- K715 Aol Al
Hell AFo] A 5= Ao| Haskd 4 Avk. ofd wel, FAE AT o Al ¥ 7535511 2L Al 3
T F5506GIDY A wiAE AH- F715 Alele] AWe] dslEE EAV AAFER §7] @F HA
F=(1000) 9] o] ddE = Ut

5 p2o) Al AF F4FGIDA EFE A2 BAGIDS Al BAG1a) oy 2 ARo] B BA=,
AL A% FEFGIDS UFHE Holt A Beh. ool wel, AL 4 FEFGID6 AL EAGI 2D
oozl W Fxsh wlwste], f7] WY 000 0] e Eobh A AL EAGL
S A2 SRGUD @ PIYE dF PUE F Ak el o ol 99 2% olgald U
el A Fol AL BAGLD A2 FAGLDS £ AES dehls AR £F wage Nag
o FAReR, Al BAGHaT A2 BAGIDES, §71 W EA FR(100009]) F4 87, 4% ol A
A 55 (B1D)o] FEHE HAAY 2xy FEAVY A5V BAEHE HAagke A & 1#EA,
2505 olgol Al oF 25047k ol mEE Fol, 74 AR AR £E WIS vwd 5 vk olu], whgrs)
Ae, AL AT $+536ID WFAS F4A77] S8, A2 FAGLD)E A ¢ Wskee] o 5 olah

oE [
o

f
)

Jﬁ:igo

2 2
7] 3 BA AR (100009 s ASE, HF &8

TZ9 Al ¥ 550610 £3H Al 22 (511a)3 A2 E3(511b) 4zte] T3 HAE (weight percent,
FA(1000) 9] -5 A, 4 58 2 Sy EAo] AHE = 9l

wt%) vlES HAsgo =M, {7 WG ®A
o B2 FAFeR ) Al e FE5F(511)
w2 4= o,

el A1 2 (511a)°] xﬂz 24 (G1b)RT o ®ol 23y = Aol

%

Al AF (6119 Al EAGBGlla)> AF osrl dUHez & FAEA, §7] ¥F ¥BA ZA

FES
(1000)¢] 4 &85 Fola, 75 AYS vt 7dda. 5, Al Ae #5561 Wl A1 24511

I
09 W] £25% 47 W EA A0S WY B L TE AT AL 98 F dork Al 4
F FEF61D0] A2 $AGUD)ZW o] ol B Fxol vuste] £y o3 gad =

=4
oj¢ wlaLste], A1 A&

FEZ(51D) 9 A2 EAG1b)ES 2EF dyx @i (T)o
o] Ay oz %Oﬂ% 4

]

bgAgel e 2ERA, F71 TR BA FX(1000)0] FHEE FEATEH 7]
F5(511) dlell A2 EAB1Ib) O] HFol s 7] w3 FA1(10
o, Al ¥ #5356l Al EA(Glla) =Y oFolxl v 3ok Hluste] W af
& g fhad 4 Aok, E=9, A2 HA(G1b)o] Al & 2 3
El% 76“?“, g 528 9 7% A9 54 AUAA AaHe EA7F 28E 5 QA
whebA, giek 22 B rxe] Al A £ESGIDA E3tE Al 224 (511a)3 A2 E4(511b)°] T
S 100wt%star e ), Al =2 (511a)> 50wt% ©]4F 90wt% o]dtolar, A2 EA(511b)> 10wt% ©14 50wt%
oletz Akl T A E(weight percent, wt%) HIES HAsptown, f7] ©F FA 42(1000) 2] 5
Ak 9 g g&o] FAHAY B AN E S0l HAsHE FAC #7) B FA A (1000) 9] el

2
o
o
wN
2L
=
o2l
ok
i
0)‘

> i
>
=
—
&
i
i)
nj
g2

A= 5 A
Hoabg ol o Aol wE F7] @ A A (1000) oA Al e FES(G1Do] A olEk B olyA ¥
ol Mz Adolgh 2%9 =4l Al =2 (511a)d A2 =2 (511b)& TFehs T 22 FAECEA, Al

AT FEZ(51D0] Al E&(511a) == A2 EA(511b) 2% o] Fojz v Fx¢} u|wate], F7] w3F FA
F(1000)7F na& 2 F4Ee 548 7 5

[o

m\m

A = 25 s, o :==(400)3 NAZ=(600) Abolel] HIX® F4=2] ~®H(510, 520, 530) T of=X=(400)
o} 71 FPAA wixE Al A28(510)S, 94 AEE Al BF 54 Z(hole transporting layer, 511), A1
W3S (emission layer, 512) @ A1 AA} 4=%5F(electron transporting layer, 513)S ¥g3it). A2 ~H
(520)2, A1 28(510) Aol wMix=™, A2 B3 FF3(521), A2 LFS5(522) F A2 A=A #E55(523)
Frehvh. R, A3 2E(530), A2 2E(520) Fell, A3 AE FES(531), A3 FS(532) H A3 MR

TE5(533) S g
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[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

SIHS 3 10-2017-0034067

WA R (500) 0] EFFE Eme] whag(512) 522, 532) Bro whak=(512, 522, 532) zbzto mRE waw %
o] M2 Eguo] Ao Fo] AFHEE LA, oE Eof, Al 2B(510)7 A3 2E(530) 0. =Y E HA
(blue)®] Fo] WF=a, A2 2 (520) 0 2FF -5 (yellow-green)o] LFEEZ g0 Mo 3
I -] o] ERtE o] WER(500) 2 H-E WA o] Fo] whgd 4 gt} ojw), A1 2 (510)¢] Al 2
Z(512)3% xﬂ3 2B (530)9] A3 FF(532) o 25y WagE B ¥A I (peak wavelength), 440nm o]/
480nm ©]3] otk 3 A2 2E(520)9 A2 LF=(522) 0 2RE] w3y Fe] w3 e 540m o]

A2 =8 (520)2 FM(green) EE AM(red) & DFstste 371 435S o] 28 + Aok, A2 2¥(520) 0]
G-mAl s gshs A2 BgS(622)3 B5AS WPt FUF BFTE Edste A9, A2 2E(520) 22 HH
WgE B I3 9732, 510nm ©]4F 570nm ©]sFY 2Bl (520)0] S-S ulHa= 72

S(522)7 AAg wgdt= FUF BHFTS EFsteE A9, A2 29520002 5E wgE g II
g2 540nm ©]% 650nm ©|3}Y 4= ATt

A2 =¥ (520)°] ¥3tE A2 ¥ F=55(521) A3 iaﬂ(530)0ﬂ :ﬁ?}% A3 A3 #%%(531)9— o] .= =(400)
A=)

Ase e A =, A2

TS, Al AT F5S50GID N==(400)9F MARE(60) Alole] Al st A1 BFS(512) 25 F g
Fo] v AM-FF (micro—cavity)©] ZV“QQJ_ﬁ, °F 70mm ©]%F 150mm °]3le] FAE 7HE 4 Ak, ulA-F3
(micro—cavity)o|g, w@FZolx =Py Fo] F 7ol A=(400, 600) Ale]o|A] HEAL H AJWkxLE HFESIA
54 349 o] FEEo] B 7&&301 Jojuf gt g&o] FHEE AS ek, Tg, Al 4F 5
(511)°] <°F 70nm v|®Fo|WH, HF FHTo R LS X3 Hir, oF 150m z¥elH, Al FF F

AZY AGAA FAFA, 5 Aol dsatAY o ==(400) ¢k HAE=(600) Akeole] mlAl-g7 &3
& A o

A1 28951000 T3P Al Ax F=H53(513), A2 28(520)q] ETH A2 Ax F£5Z(523) 2 A3 2~
(530)°l E3d A3 A F55(533)2, MAEZ(600) = As AAZ(540, 550) . 2EEH FFHE AAES 7t
Zb A1 B3 (512), A2 @35 (522) 2 A3 wFF(532) o7 s ddsis TS 3.

o

B(510)3 A2 22¥1(520) Alolol wixl® A1 A3} ABAHF(540) L A2 2B1(520)3 A3 2= (530) Alo]d
xda} A§HZ(550)L’ Zﬂl \:ﬂ—" 2(512) 11]2 l:ﬂ—l %(522) r= ]3 H]—%Z(523)o§ ;qx} tﬂ zé:g—g.
AL vt =W ZAHZR @etor), Al dat AAAE(540)F A2 Ast AWAPE(550)S ZHzE NE
S 2 Py 3t AETl AFE F2Y F Ak old, NF Al BAYTL c==(400) e 7H7HA i
Z, oS 5o, Al H3E(512) D A2 BB (522) 02 HAE FFITE w3, PY A YHEL
(600)°l 7HA wixXE HFZ, dF o, A2 BFF(522) H A3 HFF(B32)0F AHAFE FFECH
, O] BEEs E@s% 71 w3 FA 4100009 2HF 58 98 e+ dx, 75 A

£ 2

D N
2 b o o zo s =
)
oX,

s
o a1
=

o
I

o~
rir

Mae] QR gl O AN wE §7
A

=
CEF, % 5 Hae] 2 B wye o
e =

R RO
)

FEZo] WY FX(single structure)E zt:= 7] I
w3 FA) A2(1000) 7 AR o w AF olFxrF & A

ool
Y

A5t Madiel, £ 4 WA w6 AN T, 43 5
EA AoV, FAHOR, ® 2 Y % 3o 5
L 8d w pdHew 45 Aul A
= 3

TFzolth, WS, Ao FROA Al A

5 [¢}
)
=5
>
Ox
1
_}L
o,
;‘.:
)
O
Hu
ol-J il
(]
ot
%
)
rlu "

H
(=]

o

=

=

=

—E o
::1

o



[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

SIHS3 10-2017-0034067

Hﬂ, Al =20l oF 90wth, A2 EZo] oF lowt%E 23atv, thA] Tatd, Al ¥ 53 U Al 247 A
2 EZo] ¢ 9:19] v &R xFTES

i

T 42 FaEhd, vlud T2 2 AAd Tz 242 10mA/aid] AF7E FEHAS W, vlae] 7o 75 A
& 11.5Velar, o F&S UehhE 3xE 23.41m/Wolth. o]} vludle], Ao Fxo] 5 HALE 11.6V
olil, 3=+ 23.2Im/Nelth. =, AF o=l w2 Al EART o]Foizl Al ¥ FETS XFsE vl
of Fx9 7@% ol w7t w2 Al BN AFF olewrt AuHom W& A2 BEHo] £3E Al ¥ FEF
S sk AAd FxRo 75 Agy g a8 A FAS & 4 A
% 5%, Hlae] 2 9 AAd] P3| Azhel| wE Agte] Wss Yehd #izeln, AR %7
s S 7IFo R AlRtel wEt wistE s UrEM 1%201 . % 52 Fauskd, Al BAEw o]Folxl
Al AE 555 Lt vlad Fxe Al B4 2 A2 Edo] EE Al 4¥ 535S s A
T2 Azbel| W T 7t Wshe= A FAMEHS el 4 gl

T 6av= 7] WF BA FAVE AMoR ud e S yERd Tagzoltt. & 6aE astd, A1 =3
2 A2 240l E3td Al A TS X¥eE AN Fxe Al 2EET o]Folzl Al 4 FEFES X
et wlad P giE] 3 E=7F 100%e A 95%2 ZAHET o L3 A7te] AgE AL & = Ut

A 4 WA = 65 Fashd, & wre] o AAlde] mE #7] wF x4 AAe] Al A FESel,
e olert ddider 2 Al 24 B2 AT dAyA dlo] duid s i, HOMOZIEe] Ao vo
W, d bgAe] 5 A2 BEdS EFee EF 7 E(nixed structure) ® FAROEA, Al ¥ FESO
Al =d &Rt o] Folx @ F&(single structure)®] 7] W3 ®A Ao vlasgle o, 75 A # 2
FEES FAENA, e FEEE 2 dee 3E 5 i

=
L 72 2 dEe] vE AAdd e fr] 2 1%
o f7] WF Al FA(2000)=, = 2004 Ak AAjdelA, A1 HE T
W, Ao HYJE fsto] o] d e/\]&ﬂg‘r Y EE deEe 74 adel o
o}

Al BE &SI, Al =243 A2 Bdo] € 35 9 Al 84 T A2 SdE8 o]Fofl v-&
e ddH E} TAHOR, & 7E Fastd, Al ¥ #ESG1DS, Al v-EES6l1-1), %S
(511-2) % A2 v-EFF(511-3)S EFE}.

L35 (511-1)2, Aoz ox==(400)° 7 7HgAl wix =Y, 4F ol
ZolH @ Fxo Zog | o xT(400)9 EE=(511-2) AlolE & (buffer)dts &

= RS}
—EFTGI-DE he=400) B TE B dE9He B39 olvs v IS I Al EdE of 1x
10-4crt/Vs o]/l & oleks 7HAM, old wel, #7] &3 FA (200009 F& olF ol Bt
2 5 At

A2 w-2¢F(511-2)2, Audoz Al WFF(512)° 7P A eiAEY, Asd oluA] HME(TD) o]
=31, HOMO#| o] wrom o Aol 43 A2 BN o] Fox] gl Fxo FToR, Al WFF(512)7
53 (511-2) AlolE ¢Edte 98-S . w3, A2 v-EE(511-3)2, Al FF(512) L2 HE AR}
olFEHE AL e A9 . A2 22 (511b)& ¢k -2.7eV o)A -2.6eV o]3dte] #}%?‘% oA #HM(TL) &
kA, ole whel, Al P (512) 2 HE HAA7F Fik(diffusion) & Fo] fad ¢ Jdrh. T3, A2 &
A(511h) S oF -5.2eV |4 -4.7eV o]t HOMO#H!'ES 7Fxw, ol wal, A1 AF F53(511) 2 Al Al
k= (519) Aole] AW AHFo] AL Fo| 1A= 4= 9},

r°4'

(e}

=
ur

=

TS (511-2) Al v-EFS(511-D) 3 A2 v]-FF3(511-3) Aol A8, Al 243} A2 2d& £3
d B TR Folth EFFGIL, AUHow AT olFwst Z Al B AuHon AEF oy

_15_



[0111]

[0112]
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[0114]

[0115]
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[0117]

[0118]

[0119]

[0120]

[0121]
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Al AT o] =32, HOMOH| o] wtow & QbgAdo] 953 A2 E4E& x&sirt. ofd upe}, 35(500) W
o Hxte} AFFeo] #¥E FAFHS, @ FxRo AF 45 v 7] $F FA FX(200009] HF G&ol
e ar, FE Ato] Paw= &Iyl k. Wuk 2 A7 FAEAY AL
AT FE55GIDY Add AFol FAHE LAV gaEHY, 9d Fx9 AF 55 db 77 TF 1A
ZF2(2000) 2] o] FYEE= a7 ).
T, £33 (511-2)0 23E Al 247 A2 EH FF S 100wth P& w, Al =22 50wttt o]
9QOwt% o]dtolar, A2 EAL 10wth o] 50wt%h o]st= FAE o], E=(511-2) WY A1
o] AFgPowH, 57 Y FA A (200009 FE AL, @F F& L S5 AX

H‘ﬁé
1
<
L
AL
X,
=
ol
o
4
of
ofj
o
—
-
!.:

BoAAdo e Al A $E5F(5611)e, = 29 §7] wF TA A Al BE
1, 511-3)¢] 712 ¢ FulEuY, Al AF $55(G1DY A4 FAe= S7HEA &
oAe] Al m-EF3(511-1), £FZ(511-2) © A2 1-&¢=(511-3)9] FA9] T
of FAE 7H & Avk. Al AE FE5(GIDe] oF 70m PRtelH, Ay FEFOR ARS HaA Har,
oF 150mm Z¥olW, Al ¥ FHT FAZE AGXA FAGA, 5 Fste] AFHAY wA-EX adrt
s 4 glot.

AL m-EFSG-DH A2 v-EF5(611-3)e] A2e] A=, EFS(611-2)9] T gl of 40% °]st=
o]Fojd 4= Qt}. Al M-EFF(511-1)9 FA9 A2 v-EFF(511-3)9] FA7 44 £85(511-2)9] F7
giu] oF 40% =AW, Aoz E34F(511-2)9] FAZE gkebA, 7] wF ®Al FA(1000)9] 5 #Sk
g 858 e 7 540 AstHe AV 2" 5 Q.

=88 & 79 AF F455S AFXFE TF5Z(co-depositon) HE HA 3 o),

T 8% Fuaw, B ayol thE AXde wE 7] w3 FA] 22200002 Al AT FEFGIDE, T
H(co-deposition method)& T3l P4 7lssith. FAHe= Aygsid, Al 4 (511a)o] FHE Al S2Y
(71007} A2 EA(511b)o] FHlE A2 F2U(720)0] AWl 3l miXHa, Al AT F55o] FAHH ook

3t 7]13(100) 9] o Wo] FHYE(710, 720)S FEEE Mu|o] AR wixHr}l, o], y|¥o] Aol o
gog olFsd, Al =2A710) A2 F2AA(720)2FE Al EA(511a) A2 E&A(511b)o] EALHEG. 7]
o] ozl wE, Al FFP(710) 2 HY FIEE Al B2 (511a)0] 7]F(100)o] F2E o] Al v-E4F
(511-De] FA"EY., ez, Al EA(Glla)d A2 EZ(GlIb)e] FAld F2Ho E3F(511-2)9]
PAEDL, AR A2 F2A(720) 025 FHEE A2 S2(511b)o] 71¥(100)0l F2HE o A2 W-=F
5 (511-3)°] A€},

Al w-E£§5(511-1), £F5(511-2) 2 A2 v-EF5(511-3)2] FA=, Al S2HA(710)2 A2 S2HA(72
0)9 7+A (D)l gaf x4do] 7h5sltt. dF 5o, Al ZHA(710)3F A2 Z=2L(720)0¢] 724 (D)o] Hojd4
Al v-&¢=(511-1)2 FA9 A2 v-E&F(511-3)9] FAE F7iEn, EEE(511-2)9 FA+ #4=
=

, Z235(511-2) W9 A1 EA(511a)%} 2112 EZ(511b)9] H&2, Al L7100} A2 S2L(720) 2]
E%(m/s)ell 93] "] 7hesitt. dE 5o, Al FFU(T10)9] T2 St A2 STAA(720) S
Hop w2 49, £335(511-2) el Al &d(511a)9] H]Fo] A2 EZ(511b)9 viFrY 2A JF4E F

A

o Wy oy I
K u o

B

N

o] =AEZ o, Al Y7100 A2 F2A(720) Alele] HADDES EolA HW, Al EF
(511a)3 A2 EA(511b)o] &gd Foznt o|Fox Al AT F455(611) Ax7t 7Feste], A He
T 29 §7] @F BA FA 9 ddS(single layer)o] Al BF F£E559 Ax7 75T 5 Aok =3, &
g Al Ao Ao wl, Al v-E¢E(511-1) 2 A2 v-2E(511-2) F e S xEs £
[

ATt

d

ki
©
o
re

z
of.
lo

T ouE AAldel mE 7] 2d EA AR (300000 Fo T /s

il
T
o
E
oY)
g
b
o
o

=2 Fusd, 7] 233 A FH(3000)E, N=E(1400), MAZ(1600) 2 2 Alole] WHER(1500)2 £
sho, R (1500) &, A 7U%(1514), é% TEZ(1511), w3=(1512) 2 A $£42(1513)S *33t

._QEIQL’ k

o

= 9o =AlE B el = ouE AAldel mE 7] 3 34 A (3000) 9] @3H-(1500)= Y 2ET
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[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]
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(patterned emission layer) T%& 7AW, W@ (mono)d HL &F3t. i w@ES: R
g E(1500) =, A2 o8 A ‘j%f} WgS, dE A g mao] wbggo] 47t st R
T FE2E AW, 449 dhE wAle] FS I ) BT 34k HE JFE rtag, dF
Eo], FMM(fine metal mask)<S 01%0}"4 HE F2E F . = 9ol = Aol HelE Y&, st ol
x| RS EAESI T

== (1400)E 3t HE M2 o]Fdx o] v, ojx==(1400)E 2H4E-(1500)2 A F(hole) S &5 T A
23t Ao, vk EUAAE] A2 A= e =9 A=y AZFEY. o ==(1400) =, ITO(indium tin
oxide) ¥¥ 17Z0(indium zinc oxide) 3 Z-& TCO(transparent conductive oxide) EZ@Y EWZo 7 o]Fo]

4 % qvh,

N AE(1600) = 2HFE(1500) Aol vix] W, 38 (1500) 2 HAH(electron)E FF EE HAEss AT o]
NAE(1600)=, 2>(Ag), wltavlEWMg), 2-vlaulg(Ag:Ng) 53 22 5% &4, T+ 170, 110 534 7&%

TC0 =4 = o]Fod S gt}

e FUS(1514)2 of:==(1400) ol wix=w, of1==(1400) = F-E LFF(1512) 020 Hgo] FUS A&
stA et 9Es . 4¥ 9935 (1514)>  CuPc(copperphthalocyanine),  PEDOT(poly(3,4)-
ethylenedioxythiophene), PANI(polyaniline) %  NPD(N,N-bis(naphthalene-1-yl)-N,N'-bis(phenyl)-2,2'-
dimethylbenzidine) & o] FolX oA MeEle o= dji} o] ow o]Fold 4 glont, ofd P &=

A 755 (161D A3 F+Y5(1514) Aol wixsH, of:==(1400)2HE A =& F38H HFo 33

& s
(1512) W= &8t FFsts TS ).

48 75515112 H %Olf‘& EAS b 2% B, dE B9, Al 22 4

kel & e AE 515109 A1 24L&, 3= (1512) 07 9]
3] o]Fo] FHHES A2 %é’ ﬂlﬂl 4E olsmrt & E-olth, e, AHF FH5(1511)9] A2 EFL,
FZ(1512) o 2 5-E o] 7Ae]
Dol & Edo|th, e, AF
gFo] FHFH = Ao HirEHE
(1511)°] W-Ado] FH =S &4 OPZMOl & EFolt.

1o,
ot
>

&

o

[

i)
k1

Jf

X,

=

m

i

£ g

=

o>
ofy
gl_‘

o

<

N

3] H(triplet energy level
?%%(1511)91 A2 BAL Ay 55151103 3335(1512) Atole] AA
= = =

gdolth, o, A2 BAL 43 &

ON' é — [U?i ox,

B ool ® e AAdel W §7] %% mA 44200000 AF FEF51DS AL B4 A2 249 &
G FrE oFolgomd, A4ze] AW o]Folxl v Tx} Hastel, §7] WF EA FA (300009 T
% AY, WY &8 2 59 540 ANE & dvh

WHF(I51)S, WA B2 BPE AP BA Tr PP BAD o)Fold & k. o o}, wE
(1512)€, A8(req), 54 (green) B A (blue)o] FE s B4 ol Fold 4 STk, WAF(1512)0)

L
Aol B A= G-, DES(1512) 28 wE o] v 3 3 (peak wavelength)=, 600nm ©]% 650
m ol3td 4 k. EFF(1512)0] Ao B wgste A9, dFF(1512) 25 w3d ¥o 93 3%
<, 510mm ©]4 570mm ©]&tY 4= Yok, T3, IF=(1512)0] FAY B wFEE AS-, EEES(1512) 07
B 3E Fo] 33 92, 440mm o]/ 480mm ©]&td = Slt).

kad2(1512)0] Ao #S wagsteE A9-, CBP(4,4'-bis(carbazol-9-y1)biphenyl) 59 &4 E(host) E24&
Z3shy Ir(PIQ)2(acac)(bis(1-phenylisoquinoline)acetylacetonate  iridium(II)),  Ir(PIQ)3(tris(1-
phenylquinoline)iridium(II)) % PtOEP(octaethylporphine platinum)® ©]Fo]X oA AEE o] 3} o]
AS EFete EHE(dopant)E EFske Q1 EFE oFAd F Y. EE, #W35(1512),
PBD:Eu(DBM)3(Phen) %+ PeryleneS X%l I3 EZZ o]Fo]d 4= Qo) o]o A H X =t

i

F g2 (50)0] Ao B Wyt A (BP(4,4'-bis(carbazol-9-y1)biphenyl) 59 Z2~E(host) EZ&

EZgtsly, olglw(iridium) AlFS X3 V’ EHAE(dopant) EZS Xgst= AW EHE o]Fod 4 9l
L=, Alg3(tris(8-hydroxyquinolino)aluminum)<S ¥3tsl= I3 EF = O]—ro%él T Qo) o]d IAEA &
Wt (50)0] FAe] FS w3st= 79, (BP(4,4'-bis(carbazol-9-yl)biphenyl) 59 &2E(host) Z2&
Ege0l, ol iridim) AQE EPE =AEopmt) FAE ESE AF B4 T4 + At
T, spiro-BDAVBi(2,7-bis)4-diphenylamino)styryl)-9,9-spirofluorene), spiro-CBP(2,2',7,7'-

tetrakis(carbozol-9-y1)-9,9-spirofluorene), tjZ=g®A(DSB), tv]~EZolH & (DSA), PFO(polyfluorene)
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= Aoz sjEojof & Aot
Fso] 47

1000, 2000, 3000: 7] g FA] A
100: 7]

300: HFEF E gz AH

ED: g &x}

400: o

500: P4

600: MAr=

511, 521, 531, 1511: AE %

ofj

511a: #l1 &4

511b: #l2 &4

512, 522, 532, 1512: WHg=
513, 523, 533, 1513: A=A} 4=
540, 440: 3} S

710, 720: =4

i
)

oy
g
~

1000

330 310 320 340

300
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EH3
511
—
S511a 511b
High
Low
ErY

Volt (V) Im/W
H] 1l o] 11.5 23.4
A A] 11.6 23.2
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