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A4ato] LhERATH
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AUA AR (Ts ) S 7HE 5 Ak, FARoZ, 834 1o 748 s5HES wag3(40) o] Wy mHE
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3k o] 7|2} E 27 ZF(exciton blocking layer)S dAste= AL A = o], f7|dFte|ex=e x5 o
T3A F Q. 7R BEERA Tl AREE 49, HAAFEI(55)2 WHZ(40) o AFs=E P4
T Atk

T 18 oA #ZFxEH, ARFYE(563)E S 5w, LiF, NaCl, CsF, Li20, Ba0, BaF2, T+ Liq(d¥F HA=d
olE)Yd 4 gtk

AE3TUS(23) d/EE ATFET(25)2 Nwe=(10)9] 434 =99 4335(40)2] HOMO &9 AFeol9] HOMO +
AE 2tE TEZ, A==10)dA HFTU0) o2 FFY F9 v % a8S Hole 7IFE .
AE3TUS(23) = ATTHT(25)2 43 574 BHAZA B4HoE AMEHE ARE sy e I o X
stk = k. AY¥y F4 EES o= 59, mCP (N,N-dicarbazolyl-3,5-benzene); PEDOT:PSS (poly(3,4-

ethylenedioxythiophene) :polystyrenesul fonate); NPD  (N,N° -di(1-naphthyl)-N,N° -diphenylbenzidine);
NN'-H#d-N N'-t] (3-w| & 3| d)-4 4" -] o} 1] ;= 1] 7 D (TPD) ;

NN =D s N N T gt El-4 4 -Tlobu]er] s d s NN NN -Bl Edb-p-52-4, 4" -t]ofu]er] s d; N NN'N'-F]
Egtdd-4,4'-tou]enHd; =9 (11)1,10,15,20-H E2}¥) é—ZlH,ZBH—J_YL]% 7 #& Z7™(porphyrin)
3stE f-=A); TAPC(1,1-Bis[4-[N,N'-Di(p-tolyl)Amino]Phenyl]Cyclohexane); N,N,N-E&](p-EH)o}l, 4,
4", 4" -EFAN-G-HEad)-N-ddetr ] Eglddolnly} 22 Egoldoly]l {EA; —Eﬂ‘éﬂe‘ﬂ}‘ 2@ Z
PuldstentEs 2o entE FEA; Fas mgwdehd, Fexgmseldd ge xg

ZEPHAE opl FkAl; opRiA~dMiA] {A]; WEFES Abgoldly ~HE olnl e
& 59 g rt.

pul

¢

H‘I‘j

r(10)e A=A 55 s, 55, 55 v, B 82 A5d F drh. Ay 55 AEES s '
L Abol=(indium tin oxide: IT0), ZF2¥ ¥ =2A}lo]=(fluorine tin oxide: FTO), <FEJE ¥ SAjo]=
(antimony tin oxide, ATO), ZF 92 T3 AEFAI(FT0), Sn0,, Zn0, TE o]59] %3 = Adr}t. ofu=

(10) 24 A3st F45 =5 35352 Augt uld F Ut #@#2Ad5E 59, 2839, 25 gayeFad

MAZ(70)E He=(10)o] Hg] WHe dgE z2te =dwtez o5 5o, dFuy, vlavs, s, UE
F, ZF, 48, °lEF, dF, &, 9, AE 59 55 & o5 23 o9 2FE AMEs A4 4 9l
o},

of (10)¢F 7 (70)= 29 (sputtering)¥, 7I353Y & o|2WIAHS AlEstd IAHE 5

- B9 2]
Arh. ATFUE), ABAEI5), VIFU0), AArE
=2

FA EE 29, A8 B0l 23ddy, 20 239, 93, TAY, e Zoo|
JFHL ol gatel F4W + Uvt



[0077]

[0079]

[0080]

[0081]

[0083]
[0084]

[0085]

[0086]
[0087]

[0088]

[0089]
[0091]

[0092]

[0093]
[0095]

SEE46] 10-1807410

2E(70) el wiAE = dvk. oAl alA, 71 el cfx==(10)7F AAE(70) By WA 4" s
AL EE HAE(T0)7F f==(10) Bk WA FAdE s Q.

Z1dE gl FARA FFEIE V1 3o, o] A, V] 71E2 f2; Mg aAs; EE7hE|ol

E(p0), Zelolg el merelol SR, Eejoldalmaalol S(PN), Eejolul=(Pl), FelEaUuPP) 5
3 oge A AR olTold & drk. Jehd, oo @4uA @3 Jwe FWAE A FE718Y 5
= Qe

3o B owye) de Axde] me §/ldelors YEd grelty, R Axdd we 7@l
e =gh== KR

]
o
 AAEEEE)E A 954 e Al A4FEF(G5)% A45E wAE
AAGEEGZ TR 5 Ak o] W, Al AATEZ(550)L A2 A4S Z(55b)0] 1)
Y0 Al MAR 5 gor], o 1 WA lome] FAE A ek,
ola}, 1 wel olal2 §7] Slsto] wpgra Adcl(example)E AN, Thwk, av]e el B we)
T F/l A AY W, ¥yl svle Agelo] o5 FHHE A oprh.

N
XN
1
o,
i
N
[\
[
N

Aol 1: 38E 19 3
g 1>
OH 2|E 3lo|CEAL0| o\
M gzafols U
0" SN o N~

\—/ \—/

2-(SAE-2-4)  #H=(2-(oxazol-2-yl)phenol) 1g(6.2lmmol), & 3dlo]==Aro]=(lithium hydroxide)
0.16g(6.83mmol), 2 wWE# ZF=Zglo]=(methylene chloride) 50mE W7o YW, 12417 &< A4EH7]
St Al Ao EoA wHAIFY. O 5 ozt FEA] g S2efol=R Hlo] Uil H ARAZAT
Az8 3gE I(E]g 2-(&AE-2-9) Jﬂl"—EﬂO]E(llthlum (2-(oxazol-2-yl)phenolate) )< ©HA] 53} A A5}
o] 0.61g (59% &)< ke AR ATk, FFE 12 2.59 Vel A5 AUAE HeER Tt

1H 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, 1H), 5.56 (t, J=7, 1H)

GC-Mass (©o]&X]: 167.09g/mol, A X]: 167g/mol)

Ao 2: FFE I A

OH 2|8 slo|=&Af0l= o)
N EEEEE VN ~ L
—

\_/ \—/

2-(1-vg-o] W] t}£-2-%) ¥ = (2-(1-methyl-imidazol-2-y1)phenol) 1.10g (6.31mmol), 2|F 3Jlo]=FAlo]=
0.17g (6.95mmol), % WEA F2o]=s50mE W57l Wi, 1247 < AAES7] ShollA] A9 2no
Al AT 1 F ) o] FEA] wEd SFReel=R Aol Y F dxRAZG. dxd d3E I(EE
2-(1-Hd-olntE-2-d)H = o|E (lithium 2-(1-methyl-imidazol-2-yl)phenolate)):= THA] 53 A A8l
0.32g (28% &)< 3¢k BAZ AUt FFFE D& 2.76 eV A5 oANUAE e AL.
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I 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]&Xx]: 180.13g/mol, &4 =]: 180g/mol)
Aol 3: SFE me] A

N N
ZSOH g|E sl0|CEA0|T = o
_ P~ .
N CEEEEERS N -l
N N~

2-( &&-1-9) 1 gl ¥-3-2(2-(pyrazol-1-y1 )pyridin-3-ol) 0.90g (5.58mmol), @EF 3lo]=EAlo]= (.15g
(6.14mmol), WE A S=2gol= 50mE HH&7]o] €ar, 12413 &t A7) sl A9 XA nREA|
A, %, o3 Ao WEd F2etel=2 Ao U”E ARAAY. dxE dFEE M=E 2-(9H8E-
1-H) g8 d-3-2d o] E(lithium 2-(pyrazol-1-y1)pyridin-3-olate)& ThA] 53t AA|dte] 0.46g (49% &)=
slek BAE Ao}, FIFE ML 2.75 eVY AE3 o UAE el o).

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

GC-Mass (o]&X]: 167.09g/mol, A X]: 167g/mol)

AZd 1: 54 9F §Fr|HFdolec AZX

(ITO/PEDOT : PSS/TAPC/mCP/CBP: Ir (ppy)s/BuPyPb: 3}3H& 1 /LiF/Al)

o

=Rl IT0 7|82 &st o]z ey 43S o] &dte] 2&abolA 3023t A, A 110 7#s
ool AR & o]-g-s}o] T 5 PEDOT :PSS(poly (3,4~

ethylenedioxythiophene):poly(styrenesulfonate), CH8000, Baytron)E 2H3FE3dte] 60me] ATFUZLS 3
sttt o] & AFFY EE L&Al TAPC(1,1-Bis[4-[N,N'-Di(p-tolyl)Amino]Phenyl]Cyclohexane) 20

m<} mCP(N,N-dicarbazolyl-3,5-benzene) 10nmE 1x10 ° torre] 4= dtollA 0.1 nm/sY £E2 FZsle] A
A<

FEFS FYRYTE. o B, =4 QY TEERA BN N - D 5 QY =

Ir(ppy)s& 1x10" torre] +& 3ollA 0.015 nm/se =2 F5ESIY =HEV} Hwth =3 F 25me] #H TS

lm oL
e

PAstgtt.  HAAFES TAEZA BnPyPB((1,3-bis(3,5-dipyrid-3-yl-phenyl)benzene))$} Ax}4d =AE=R
1=

A e 14 FHE SR 12 1x10 torre] ¢k A 0.1 m/se] SEE FFHse] A4}

RN
ofx
k1
it}

7} 1owthes £33 35me] AAFEES FAT. o] F, AAFIARZA LiIFS 1x10© torrd] ¢+ &
A 0.01 mn/s8] HEE ZZato] 1me AAFYES FAHUT. 1 T, AL 1x10 torre] e ahelA
0.5nm/secd] HEZ F23lo] 200mme] NAEE FAATOZA S Q7 fFrjEFrele=s JASY. 2%
HALT Ca0 SHA 2l AW SH2E ol &3ty x5 HWEIS

2 Alzdo] wE frldgtiel e == 5V Aol A FAEE 200 UERRSH, 10 mA/are] HAF LEE 7
Foz 6.7Ve] FE5HLE YERATE.

Azd 2: AN QF frlegtoeloc AX

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

=Rl 170 7192 &eh o]hxed dias ol 8ste] Z&ytdlA 30wzt AAstsltt. A 110 719=
oo 295 o]-&3tq FHA e % PEDOT:PSS(poly(3,4-
ethylenedioxythiophene) :poly(styrenesulfonate), CH8000, Baytron)E A~ FAE3le] 60me HITFIAES &
A, o] &, AEFY = $£452¢ TAPC(1,1-Bis[4-[N,N'-Di(p-tolyl)Amino]Pheny!l 1Cyclohexane) 20
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[0116]
[0117]

[0118]

[0119]
[0121]
[0122]

[0123]

[0124]
[0126]

[0127]

[0128]

[0129]
[0131]

[0132]

[0133]

[0134]
[0136]
[0137]

[0138]

SEE46 10-1807410

mm®} mCP(N,N-dicarbazolyl-3,5-benzene) 10nm= 1x10 torre] = FtollA 0.1 /s =2 2H2 =286
o AFdFESS FAsIY. o] F, AHA oF TAERAM n(Po HA < =HE=RAM Flrpic(Bis(4,6-
difluorophenylpyridinato-N,C2)picolinatoiridium)< 1x10 " toer] e Slel A 0.015 nm/s9Y == F=F
3ol =HEV} Swth =FE 26me W35S JASIET. AASFE SAERA BmPyPB(l 3-bis(3,5-dipyrid-3-
yl-phenyl)benzene) 9} AA54 Z=HEZA dAd 204 dAFH IgE IS 1x10 torre] &= slelA 0.1

m/s® &% ﬂzﬂokﬂ AAE SHEYL 1owt% =3 E 35me] AAFESS FAgsd. o] &, AAFY
AmzA LiFE 1x10© torre] ¢4 a4 0.01 m/se] =z Z2ale] 1me] AA4FYES §451900

1
Jsltoan HAM o

T OAlS 1x10 torre] &= slolA 0.5nm/secd] &£z F2sle] 200nme] MAE=EES A ARl
fr71dgriol e =g P, &AF S Ca0 F5A 8 AW S22 E o] &3ty AxE EEsT.
2 Az WE f7)EFTio] == 5Ve] HtdA FAEE 19%E YERIR ™, 10 mA/are] AF{F UEE 7
To7 8.2Ve] ek ek

Azel 3: AN QF {Fr|gFHoloE AX

(1TO/PEDOT: PSS/TAPC/mCP/mCP:F21rpic/BmPyPb: 33+ /LiF/Al)

b

o
=0
[SR=1

c}.

N

EHERA A4 204 W FE ML AHEste]l AA5ES SHEZL 1owth =39 35me] Az
A AL Alstns, Azxd 20 59 oz P4 A frlRPriel oS Axd F LY

)

oy 2
2 op

B ogzdd e G7|2Flo] o= 10 pA/atd] AF TWEE J|Fow §.2Ve TEALS e
Azl 4: X AF fFrjdFtolos Ax
(ITO/PEDOT :PSS/TAPC/mCP/mCP:F21rpic/BmPyPb/BmPyPb: 3t 3HE-I1 /LiF/Al)

AAFEESS dAT oA, HAAFS FT2ECl BnPyPB(1,3-bis(3,5-dipyrid-3-yl-phenyl)benzene)Z
1x10 " torre] <Fe dlolA 0.1 mn/s®] £ER EHee AR4E EHET EREH & smel Al ARFES
S FAI T, A xﬂl AReES ol AAS5E T2EQ BuPyPBet AAd ZHERA Ao 2004 T4
FH 3EE I 1x10 torre] 42 3JtollA 0.1 nm/se] L2 F5&ste] AAsE THEVF 10wth =3 30

h o
me] Az AAFEFS Y A AL, AR 29 FAW WHOE M AF FUEFTol oS
Az F Dgaerh,

_4

2 A zdel e f7Egriol Q== 10 mA/ard] AF UEE V|Fo® 8.3V e AL YERNSIT.
Hudl: 54 9% frjagroelers A=x
(ITO/PEDOT : PSS/TAPC/mCP/CBP: Ir (ppy);/BmPyPb:Liq/LiF/Al)

HEZ A Liq(lithium quinolate)& AF&3F A& Astas Axzd 13 L3 U
o7 = ol frjwFre] e =E A3 & AEIAT),

2 Az e frddre]le = 5V HoolA FAEE 15%E HERH AT
Hwd2: 54 9% fr]ddroles Ax
(1TO/PEDOT: PSS/TAPC/mCP/CBP: Ir (ppy):/BuPyPb/LiF/Al)

AASEZel Asd RHES ASaA 2 AL Afetns Azd 13 £ o w4 A F%
o=
=

B A zdd e f7]EFte] o= 10 nA/ard] ARF HWEE J|Fo g 7.3Ve TEALS e
HZof3: HA Q1F fFrlgFgolo s A=
(I1T0/PEDOT : PSS/TAPC/mCP/mCP:F21rpic/BmPyPb:Liq/LiF/Al)

ARG5S A4S =HEZA Liq(lithium quinolate) & AFES AS A Qstas Az 23 L3 U
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s==4

LHEFA 2T

=
=

ol Al A EE 13%

[0139]

R4 Q% frldgToleE Az

(ITO/PEDOT: PSS/TAPC/mCP/mCP:F2Irpic/BmPyPb/LiF/Al)

Hl o4

[0141]

[0142]

[0143]

JERI AT

1o

o7 8.6VY

==
RLN

7]

10 mA/cre]

L
a1

o =

ool W F7]eFrtol

[0144]

X 1

o~
D - B N S S Y Y RS
el S| o S| S| NS
X@ AN | | | | | |
B =
syl
M
!
oyt
e HEEREEE
o S M S| | ] o3| oo | oo
<
=
o
—
<
N/
=
— Hmﬁ
_
jo
Ao | .S Eéﬂm
A R
{ RIS ey o =
2| 4 = 2| &
& L E L E Y E
Jay oA o F|l &2
X 2 = Al | =
ks | 8@
[aw
= 2| 5%
fea @l L
=
[ea
[}
No \Wm m
[0 = ~
E =) S
i N> Fr.
gl — -
— [aly
~ &)
o, =]
2
O
— N ™| <
1]]24]]
N st | el
pal T | == f=y
® 7 RIR
'
=
=

[0146]

el

700

Dol Hl&] FAE &0

UA7F 2.4 eV w), 2.59 eVe

£ f71ugtol

, Azd 190 wh

Nlo

@ oAE T

o W, A%

35

A, Alzze] 2 2 Az 4o mE

S

2=
2y

+o o} ]

[0148]

AUAI7} 2.7 eV, 2.76 eVe] At

@

=
K3

s 4

p

, Az 2 %

7Eg ol &

oF

Az 40 wE

el

o

[0149]

7

kel met,

el &3

2

Wl 7k

% al,

AR

i3

7] A A] ol
Fol oj2f7lx] Wy

S

)6]—

}_O

Ryl

B ANAE Fol FAFA A

5
o) 71%A Ak 2 wel ulelA @ Hofel A

a2

[0150]

m
=

A Al 9

oy
o
o

3
!
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THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RBA

IPCH XS
CPCHRF
Hfth 23 FF Sk
EIN-E 22

E)

EHEANERILEMENBFERBEANENEX-RE
KR101807410B1 K (AE)R
KR1020160070137
HEE RFR=Fh D H
EEAZZREHE
EERFFEREHE
LEE JUN YEOB
oY

OH CHAN SEOK

2N

HO1L51/50 HO1L51/00

HO01L51/5016 HO1L51/5072 HO1L51/5024 HO1L51/5052 HO1L51/0071 HO1L51/0062

KR1020160069511A
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