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AUA dB(To) e 74D 5 ok, FAHeR, 3heba 1o ZAE B BAZ40) e BY =

HEE oUW (T ol a2 AFF A due b vk o] A%, %Y m=REd] EAFE
ATE oAIAE THTA0) W2 S 5 glo], B g sl FgE 5 Ak dobrk, 38 10 7)AE

sSgEe WY 5229 JFEF ouA dW(Ty)el MHaNE e AFF oux AN(Ty)S /b 5 Ak

o o2, wdd AL (S)E 7] NA U (Tsy )S 2.4V 0] 2

o

MM
fu
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of
o
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of)
ot

o % 9th. A dzA, ASEE EHE A (T ) S 2,46V UIA] 3.3ev, 2.4eV 1A 3.0ev,
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ot

o

2.7eV WA 3.3ev, = 2.7¢V UA] 3.0evd § QlT}.
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ofy
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lo
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2E ed olyA Eﬂ‘%‘(hml)oﬂ el xS 4 vk ol A, o7iAkE EET U0 TFEAT7] 9

(exciton blocking layer)S #Adstes AHS A= = 9o, f7ddriele=9e +x25 o
A7 B2 To] AgHe= A9, AXSEIFT(65)2 TFF(40) ol HEs=F el

ok

2 ol
N
L
il
2 HU
o

et
o
>
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o
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oo

S oA ZFxEE, ARFYE(5B3)L 8 W, LiF, NaCl, CsF, Li20, Ba0, BaF2, =+ Liqg(8F HA=#

MN

F33-2(40) 2] HOMO &= A}ol<] HOMO

5 ¥ole 7les

a
TFEYF(23) B AIZFEZ(25)S BAY 54 BAEA BAYORE ALEE ABES s} EE I o ¥
sttt = Atk AY 5% B2 o2 &9, nCP (N,N-dicarbazolyl-3,5-benzene); PEDOT:PSS (poly(3,4-
ethylenedioxythiophene) :polystyrenesul fonate); NPD  (N,N° -di(1-naphthyl)-N,N° -diphenylbenzidine);
N N'-O 3 d-N N - (3-W e = d)-4,4" -t o} .= H] 7 D (TPD) ;

N N'-H 3 d-N N -t b2 el-4 4'-tolu]=n]dld; NN NN -HEdg-p-5d-4,4'-tolu|=r]Hd; NNNN'-H
Edtld-4, 4" -golu =n] g ; i#(ll)l,lo,15,20—E]EE}J1]‘,€_1—21H,23H—_1_§4% 53 & E9 W (porphyrin)
3stE f-=A); TAPC(1,1-Bis[4-[N,N'-Di(p-tolyl)Amino]Phenyl]Cyclohexane); N,N,N-E](p-EH)o}dl, 4,
4", 4A'-E=[N-(3-vgHd)-N-ddoln [ Egld dolil ¥} 22 Egjoldolnl FEA N-#d7t=2ntE 9 &
guidztEntEa 42 FhEukE FEAL Pr;% e Aold, FEzER AU e TeR Aol fEA];
2B ZE ofnl {F A dlopvlzgilAl feA]; S Abgolnlyt 2EE oyl sigtEe] fEA; B Ee4A
T 5d 59

= = = 5 P 2= = S =
eE(10)E AR B AT, B4, 35 T, TE BadRd F ot AE4 3% ASES AF ©
5T ) =

7%
LAlo]=(indium tin oxide: IT0), Z=F ¥ ¥l SAlo]=(fluorine tin oxide: FT0), SHE]&E Bl ZA}o]
(antimony tin oxide, ATO), ZF 92 T3 AEFAI(FT0), Sn0,, Zn0, TE o]59 %3 4 Adr}l. ofux

(1024 Hge 34 £ 5T st Quld 5 Ao, gxdss 59, 294, B8 gavefrrd



[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]
[0079]

[0080]

[0081]
[0082]

[0083]

& on

NAE(70)= of==(10)0] Hl&) we UA3ES zh= mxgown oI Sof, &FuE, vlavle, 24, UE
', ZF, 9F, °EF, #F, &, 9, AlF 59 35 EE o859 2% oo ¢S Agsle 34T 5 9
=8

Ne=(10)8F MARE(70)E =HE ™ (sputtering) ¥, 71453 Ee oW =

L =

- [e) - =
ot ATFAST(23), BETFET(25), WFS40), AAFFS(55), B Az
=X

=2 g 5o 2399, =¥ 3IH, Y3, Ay, 9g Bl
FEHE o] g3l FAE & Q.

i L 7@ (uEA]) Ao M= 4 Q=dl, 7FE ox==(10) sl WXE $% Q3 T
AE(70) el WAR F% otk oAl BN, A9 Aol ofe=(10)7h AAE(0) Bk WA 4" 5
oA = (70)7} of==(10) B} WA FA4E 5 ).

~

e AR BARA FEAY RD 5 A3, o A, A Awe Kol Astsdn; Festudel
E(p0), Eelganezgeol S (P, E A raelol S (PEN), Eolnu(Pl), EEzAACR)
3o wEA AR olFold 4 ek, e, ol SAEA gu /e PUAE A FE718Y 5

[e]

o ugel the Adde] Be f7lugTel e EE e geimelth, E Axde] mE §7]ugchol
L KR

(IS
rl
o
Dy
_0|L
rlr
po)
tlo
2
_0|L
1..
fr
Y
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—|~
k1
o :(0
i)
>
§
rlo

W, ARGFEZ(55)L ARGE THEY A1 AAFESZ(552) Y AAGS EHE
AAFEZS(550) R T8 = vt o] uf, Al ARG5S (55a)S A2 Ax443(55b)e B3
Fol wix" 4= 9lon, ¢ 1 WA 10mme] FAZ 714 4= U,

N

3
ofd
ofji
N
N
=2
rO
)
o

2 el oldE B ek A e Adol(exanple)E AN AT bk, dh7le] Aol B el
F7] 918 AQ B, ¥ ool s7]e) Agelol s BPHE AL ohuh,

[A3dE; Examples]

A d] 1: 38E 1 9 3
AHgA 1>
OH 2|E 3lo|CEAL0| Q\
EEEEL N
0" SN o N~

\—/ \—/

2-(SAE-2-9)  HE(2-(oxazol-2-yl)phenol) 1g(6.21mmol), @H 3dle]=FAte]=(lithium hydroxide)
0.16g(6.83mmol), 2 wEal F=2elo]=(methylene chloride) 50mbE WH&7]oll Har, 12417 Bk AAaR$)7]
Stoll Al A9 2LolA wRAZTE. 7§, o3 FEA Hgd ZFEetol=x Aol Wiy H AZRAFTH
Az 3= 1 (ZHF 2-(3AE-2-¢) dA=dolE(lithiun (2-(oxazol-2-yl)phenolate))S tA] 53} AAsH
o] 0.61g (59% T&)& sk nAZ FAvk. FE 1 2.59 eV A5 oUAE HERAT.

I NMR (200 MHz, DMSO): & 7.16 (s, 1H), 6.75 (d, J=8.00 Hz, 1H), 6.34(s, 1H), 6.22 (t, 1H), 5.74 (d,
J=8.4, 1), 5.56 (t, J=7, 1H)
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[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]
[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

SEE46 10-1661797

GC-Mass (o]#=]: 167.09g/mol, SAX]: 167g/mol)

dd 2: 3= T A

<|Eg2] 1>

OH E|E 3lo|=EEA 0= 0\
——
HE= 22210/ =
~N~ NN

\—/ )

2-(1-Hg-o)mt}=-2-d) #H = (2-(1-methyl-imidazol-2-y1)phenol) 1.10g (6.3lmmol), &F Blo]==Alo]=
0.17g (6.95mmol), P WEd FEFo|=50mE W7ol Wiz, 12A%F 5 AAEH7] dhollA A9 229
Al A AT 1 F ) o3 dEoA] wEd F2gel=R Ao Ui F dx:AZAY. dxd 35kE IEE
2-(1-Hg-olmt}E-2-) H=d o]E (lithium 2-(1-methyl-imidazol-2-y1)phenolate))= THA] 53} A A8}
0.32g (28% F&)& ok LAZ At FFE L& 2.76 eVl 453 oA E YeERSIT.

'y NMR(200MHz, DMSO) : 6.12 (m, 2H), 5.93 (t, J=7, 1H), 5.84 (s, 1H), 5.50 (d, J=4, 1H), 5.24 (t, J=7,
1H), 2.64 (s, 3H)

GC-Mass (o] &X]: 180.13g/mol, =7 X]: 180g/mol)

o 3: s3t=E M| A

<yh-g-2 3>
N N
ZZSOH 2|E 8l0|E=2A0|E = o
_— P~ .
N EEEEEVIS N ol

2-(9&E-1-9) 9 g d-3-2(2-(pyrazol-1-y1 )pyridin-3-ol) 0.90g (5.58mmol), & Blo]=EAlo]= 0.15g
(6.14mmol), WIEHA Z=Eefolt 50mE WSVl Wi, 12A13F FQF AAELY] dtellA] A9 LEoA WNkA]
A, %, o3 dye Hdd SEetel=r Ao RE AxAZY. dxd sskE MEs 2-(92E-
1-) ¥ gl g-3-2 o] E(lithiun 2-(pyrazol-1-yl)pyridin-3-olate)& THA] 53} AASle] 0.46g (49% &)<
shoF AR AUt FFE ML 2.75 eV A5E RS YeEhdT,

H NMR(200MHz, DMSO) : 6.85 (s, 1H), 6.36 (m, 2H), 5.82 (s, 1H), 5.34 (s, 2H)

GC-Mass (°]&Xx]: 167.09g/mol, =AX]: 167g/mol)

Azd 1: 54 Q1F fFrdgrele=s A=

(ITO/PEDOT : PSS/TAPC/mCP/CBP: Ir (ppy);/BmPyPb: 8} 3tE 1 /LiF/Al)

Nl IT0 718 58 olhxed da&ES o]&ste] &It 3087 AMA AT, A3 110 78
g o] AL A& o] &3} EHA S < PEDOT :PSS(poly(3,4-
ethylenedioxythiophene):poly(styrenesulfonate), CH8000, Baytron)E 23 3¥3d}e] 60me ATFIES o
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[0100]

[0101]
[0102]

[0103]

[0104]

[0105]
[0106]

[0107]

[0108]

[0109]

[0110]

SEE46 10-1661797

A, o] &, AFFY E= $5E2 TAPC(1,1-Bis[4-[N,N'-Di(p-tolyl)Amino]Phenyl1Cyclohexane) 20

msh nCP(N,N~dicarbazolyl-3,5-benzene) 10mE 1x10 torre] & afolA 0.1 mn/se] &w=z Z2ale] 43
TESE AT, o F, o= QY SAERAM BP(4, 4NN -HIEE-ns ) ek =4 Qg mHES]
Ir(ppy):2 1x10 " torre] ¥ atolA 0.015 mn/se] $E2 FZate] RHEY} 5yt% =39 25me] PSS
AT, AAFE TAEZA BaPyPB((1,3-bis(3,5-dipyrid-3-yl-phenyl)benzene)) 9t HA4d “HER
A @Ad 104 FHE FFE 12 1x10° torre] &4E dlolA 0.1 m/se] 57 FEFee] AAFE LHE
b 10wthE =B 35mel AAFEEFS FASAL. o F, AAFAAREA LiFE 1x10 torre] 4 sol

4001 mn/se] HEZ FAsE] 1o AAFAFS FAAT. L F, AlS X100 torre] ¢ o)A

H
0.5nm/secd] £E & ZZsle] 200mme] A= A

Fomm w4 Qg frluAtele = AT, &%
HAF Ca0 FHAL 8 AW SHAE ol 8dte] 245 Wi
2 Az wE {7 rie] e 5Vol Aol A FArES 20%S YERI O, 10 mA/are] AF EEE 7

- =
Foz 6.7Ve FE5HLE YEATE.

Azd 2: FAH 93 frjdgroles A=z

(1TO/PEDOT: PSS/TAPC/mCP/mCP:F21rpic/BmPyPb: 3} 3H& 11 /LiF/Al)

Nw=EQl 110 792 w5} ol hxzzd o o&3ke] gl 30wk AAstal. A 110 718&
oo 295 o]-&3tq FHA e % PEDOT:PSS(poly(3,4-
ethylenedioxythiophene) :poly(styrenesulfonate), CH8000, Baytron)E A~ FAE3le] 60me HITFIAEFS 3
A, o] &, AEFY = $£4E2¢ TAPC(1,1-Bis[4-[N,N'-Di(p-tolyl)Amino]Pheny!l ]Cyclohexane) 20
mm®} mCP(N,N-dicarbazolyl-3,5-benzene) 10nm= 1x10 " torre] &+ Sl 0.1 /s =2 g = F2e)

of AerEss Al o ¥, A A} TAERA mCPet P 1F E=HUEEAM Flrpic(Bis(4,6-

K
o
o

difluorophenylpyridinato-N,C2)picolinatoiridium)< 1x10 ° torre] 2 3JtollA 0.015 nm/so] 2= F532)
ste] THEV) Swt% =3 256mme] THSS AT, AReE S2EZA BaPyPB(1,3-bis(3,5-dipyrid-3-
vl-phenyl)benzene) 9 AA5E =HEZA A 2014 FAE AFE 0 1x10 torre] & A 0.1
/s8] HE2 FFste] AAeE EHETF 10wth =3 ¥ 3vme] A}FETS AN, o ¥, HWAFHY

Ae=A LiIFE 1x10 torre]l ¢4 kol 0.01 nn/se] £EZ Z@ate] 1me] AAFUSS F4s.

4

AlS 1x10° torre] @2 oA 0.5m/secd] &£EZ Zxate] 200me] ANAEE FAFomm FA <l
7ggie] e =8 PASITH. A AT Ca0 F5A9 28 AW ZEAE o] &ste] AxtE EHEE.
Azdo] mE frldPriol s 5V Aol dARtEE 19%E YR en, 10 mA/are] AF EE=E 7]
o & 8.2Ve] FEAts YEhAT

oz do

Azd 3: FA 9 F7|TFGo|E Ax
(ITO/PEDOT : PSS/TAPC/mCP/mCP:F21rpic/BmPyPb: 3 3HE 1 /LiF/Al)

AArd SHERA Ao 2004 4D IJFgE MS AFEsle] AxeEEd =AEZE 10wth =3 E 35me] Azt
TFETE BT S AQstas, Axd 29 A WHor HA AF FUIFTole=E Axd F EF
skl et

B Azdd] ge f7lugtel e 10 i/aie) AF UEES /FEoR 8.2V FEALS Yehp

Az 4: A 97 F7|TFGoleE Ax
(ITO/PEDOT : PSS/TAPC/mCP/mCP:F21rpic/BmPyPb/BuPyPb: 3} $H& I /LiF/Al)
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[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]
[0122]

[0123]

[0124]

[0125]
[0126]

[0127]

[0128]

[0129]

SEE46 10-1661797

AArEESS dAT ] oA, HAAGES FT2ECl BnPyPB(1,3-bis(3,5-dipyrid-3-yl-phenyl)benzene)Z
=

1x10° torre] <& 3telA 0.1 nm/se

[¢)
& HYTF WA AASES dx}?% BAES

_4

H
mol A2 AAEEFS FHHE A
LES R T

w Azl mE F7Pdgtel e

Hwdl: 54 913 fr]jdgroles Ax

(ITO/PEDOT : PSS/TAPC/mCP/CBP: Ir (ppy);/BmPyPb:Liq/LiF/Al)

o %A QY flugTele s Axd F UyH,
3

tho] e == 5Ve] Mol Al dAEE 15%5 ERH AT

Hwd2: 54 9% fr]dgroles Ax

(ITO/PEDOT:PSS/TAPC/mCP/CBP: Ir (ppy);/BmPyPb/LiF/Al)

EHEE AR @2 e Alstals Axd 13 43
],

2 A zdo] wE fr)dgrie]losE= 10 mA/artd] AF YEE VFOR 7.3V IE

Hwd3: N 9% fr]ddroles Ax

(ITO/PEDOT:PSS/TAPC/mCP/mCP:F21rpic/BmPyPb:Lig/LiF/Al)

o1 BuPyPBS} HAG4 EHE

f YR N2 1x10 torrd] 4 SlA 0.1 m/so] $E2 FFHse] A4S
7

=10 mA/artd] AF LYEE 7FOR 8.3V &4

EHE=ZA Lig(lithium quinolate)S AFE3F AS A|98ta

AA5E BHEL 5954 e 5mel Al AA5EE
24 GAel 204 B4
EHEZL 10wt% =3% 30

o
As Alstas, Az 29 L o s FA A fUIEFTelLES

ke e,

Yo A QY f7lu

AkE HeEpl i

ARrEFo HAATE SHEZA Lig(lithium quinolate) & AFESH A& A9stires Axdd 23 543 B4

o A QY FIMYTele s AxF F URHA.
&

w Azl mE F7d

Hwd4: N 9% fr]ddroles Ax

(ITO/PEDOT :PSS/TAPC/mCP/mCP:F21rpic/BmPyPb/LiF/Al)

2 A zdo] wE fr)dgrie]los= 10 mA/artd] AF YEES VFOE 8.6V TEZ

854 e AL Adsu Az 2 U

x 1
Eiaas R TS FAEE
(@ 10 mA/cmz;l] A5 (@ 5V)
=
Az 1 BmPyPb: 3}3t&E 1 6.7V 20%
v 1 |CBP:Ir(ppy)s BmPyPb: Liq 6.7V 15%
vl e 2 BmPyPb 7.3V 19%
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