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k1

(Tg)7F &aL 2he] ®EZA(film morphology)7F &2 & vk, &3, k2 12 Y= #7] s
1A el (high steric hindrance) 54& 7FXaL §l7] wiel] &34 (solubility)o]l &g = it
2} 2% F¥(spin coating), €R ZH®(slit coating), YA Z#H(inkjet printing), ¥ =3

1y

screen printing)? #Ze & FHoR WFFS FAL £ Avk. T=e, 7] Are] YT

M 2 HE rfe
oL g Mo

(Dibenzofuran) T+ t]MZE] 2 #A(dibenzothiophene) Al Eo]oEl(moiety)E 78 A$ w2 A5 oyA
(high triplet energy) EA<S 8| 4 v}t =3, A7) Aro] F2 7= (Fused carbazole)Ad] E.o]oE]

(moiety)E 7Fd A% A& % 540 IF¢d & vk X, A7) Aol E|ob(Triazine) RoJojE|

O

(moiety)E 7}4 4 o] & AR % (electron transporting) SAS FH|E 4= U},

2719 A1 WA A54 2 Bl WA B81S ¥3tele 313h2 12 FAHE f7] IFFES gl sAE thas g
A e BElA 32 5 U olstellA e A dEA 3EE AL, SHE A8, 3FE Bl, ¥ 3%E B199
A WS AR dyer|R2 $t

(o3
°
&
3

4 1WA 3 ot SR A9 §4 ol

rE‘,

21 1 (2-B.2 2 dolA e @ (bromophenylacetylene) ] &41)

Br

N 4

o] wke2 104t o], 2-%F ZEh~A(round flask)ol] 2-H 2 Rolo] @ =wlAl(bromoiodobenzene)(20g,
0.07mol), PdCl,(PPhs)(0.49g, 0.7mmol) 2 Cul(0.13g, 0.7mmol)Z EtNel ¥ ul¥k(stirring) o}, EgdE
AN oA d@A( Trimethylsilylacetylene)(8.3g, 0.08mmol)E FHH3| "ojmdl tf& A2o]A 4x]3F FoF wwt
AT}, AgtolE(Celite)® o3 (filtering)d TS &wl(solvent)E =(evaporating)Al7]aL, Ag7t4 2
H(silica gel column)(hexane:ethyl acetate=5:1)2. 2 AA|(purification)dle] 2-B 2R E & HE A2 olA
gl (bromophenyltrimethylsilylacetylene)& @ATH. o710l Kx(0s(1g, 7mmol)¥ 100mLe] THF:MeOH(1:1)E ¥
I 12417 For wwksktl. IN HCl 8o ® #F(quenching)dr th2-, wd#dll FZg}o|=(methylene clorid
e)® FZ(extraction)dtal, &wj(solvent)E F%(evaporating)A|7]a, A#7F4A Ae(silica gel column)o

2 AA|(purification)dte] 2-H 2 X dopA| €@ (bromophenylacetylene)(11.4g, yield:90%)S AATt.

S22 (W] 2 (bis) (2-B 23239 (bromophenyl) ) b€ @l (acetylene) 9] 3H43)

Br

Br
i T Br PdelaiPPhy), Cul 7~ e
“\): i % 2E-.3N1 Y ff; . /)
I ¥ E!r‘>

9o wrgA 2049 o], 2-%2 Z#AF(round flask)el] 2-H &R o}o] @ =wlAl(bromoiodobenzene)(17.8g,
0.06mol), 2-H =% dolAEd (bromophenylacetylene)(11.4g, 0.06mol), PdCl,(PPhs)(0.44g, 0.6mmol)<}

Cul(0.12g, 0.06mmol)E EtzNoll ¥ oA 15A17F st wdk(stirring)3dch. IN HCl Fgfde= IA

(quenching) 3t t}&-, wddl F&2}o]|=(methylene chloride)® F%(extraction) 3Fal, &vj(solvent)S =+
(evaporating)A)7]aL, @74 ZAZH(silica gel column) o2 AA|(purification)dte] H] 2= (bis)(2-H.E2EHY
(bromophenyl))oFAl € @ (acetylene) (17.7g, yield:84%)E AAT}.

kS22l 3 (H] A (bis) (2-#Y B2 Y2 (phenylboronic acid))olA € @ (acetylene)®] $4)

Br B{OH}:
= = 2 5M n-Buli = =
YW \; ; B(OEL)5, ether iH R Y |
_ Br (HOB

o] wkSA 39t o], 2-% ZFAH(round flask)el HZ(bis)(2-E.Z 5 | d (bromophenyl)) oA d &l
(acetylene)(15g, 44.6mmol)¥} 100mLe] olHZ(ether)& Wil WH(stirring)eth. =gfo] ofo]x~ wjx(Dry-
ice bath)olA &&=& -78C&E W& ©s, 2.5M n-BuLi(37.5mL, 0.09mmol)E H3] Hojr=g|il(dropping)
2ol 1AIZF Eob WHk(stirring)dtl. thA] =2lo] ofo]x HlA(dry-ice bath)old &EE -78C=E ¥
S, Egdgrgo]E(triethylborate)(19.5g, 0.13mol)E F 3] Hojrme]a(dropping) AlA 6A17F 5
WHH(stirring)drck. 2N HCl 50mL= ¥ A (quenching)dtir, AAE A (solid)S o (filtering)stal
F49 #Ak(hexane) & & 3-43] =Al(washing)dle] B2 (bis)(2-3'd B YA phenylboronic acid))elxg#

o o
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(acetylene)(8.3g,yield:70%)& AAT}.

S Al 4 (M) A (bis) (2-(4-B. 223 d (bromophenyl) ) #d (pheny1) ) o} M & @ (acetylene) o] THA)

BIOH}
S s = PA{PPh, |y, K,CO,
(HOLE

o] WAl 4o A9} Zo], 2-F Z A (round flask)oll B2 (bis)(2-3d X 2ZY 2 (phenylboronic acid))
ol A€l @l (acetylene) (8g, 0.03mol), 1-B 2 % (bromo)-4-o}o] & = w4l (iodobenzene) (17g,0.06mol ) ,
Pd(PPh3),(0.1g, 0.9mmol)@ 2M-K;COs/H:0(1:1)2 ¥ 12A17F 59t S-F(reflux) ATt 52 Aoz i

s, wHed ZFZglo]=(methylene chloride)® FZ(extraction)dtal, €m(solvent)E S (evaporating)A]
712, AgIFFA AHb(silica gel  colum)e®  AA(purification)dte]  B]lA(bis)(2-(4-BEEIHY
(bromopheny1))¥|'d (phenyl) ) o}Al € @ (acetylene) (10.2g, yield:70%) 2 AT},

WS-l 5 (o}o] @ =W W E Wl (iodophenanthrene) 9] 4d)

- s ol
- N ﬁf il
= =] =
— . |
o3 R R
E E(J ®
W

Br

el wrg2) 5o Ael o] 2-Ft ZEpiI(round flask)ol HZ(bis)(2-(4-E 2R (bromophenyl)) sl d
(phenyl))olAl & @l (acetylene)10g, 0.02mol)¥} 100mLe] wWE @ ZF=Zg}o]=(methylene chloride)E ¥ t},
zg}o] ofo] Hj(dry-ice bath)ollA  2%E -78CE WAt 1.0M ICI & (30mL, 0.03mol)S W3] Ho
A (dropping) THS, 4A17F B W¥(stirring)dtt. SEE Aeow 2 e AF E oA E(sodium
thiosulfate) &N 2 @A (quenching)dtx WEA ZFEZz}o|=(methylene chloride)® 3FZ(extraction)s}tiL,
Ll (solvent)E Z(evaporating) A 7|3, A7+ A= (silica gel column)o2 AA(purification)ste]
olo] . E=H FE @ (iodophenanthrene) (11g, yield:90%)& LA},

k-2 6 (2,10-t] B2 o) ¥l % (dibromodibenzo) [g,p]l 22 Al (chrysene) o] 3HA)

zl =
S PACI,(PPhy),. CHLCO0Na

A DhAC

o] whEAl goA et o], 2-F Z8F~AF(round flask)ol] o}o] . EH WG E A (iodophenanthrene)(10g,
0.016mol), PdCl,(PPh3),(0.6g, 0.8mmol), A% olAlEHlo]E(sodium acetate)(5.2g,0.064mol) 3} DMAc(800mL)ZE
Y 120ColA 4A3 Fek auk(stirring) @t €55 o2 WY ts, WEdl F2eho]|=(methylene
chloride)® F=(extraction)dtal, Ev(solvent)E ZF%(evaporating)Al71aL, Ag7b4 A= (silica gel
column) & & A (purification)sfed 2,10-t)B. 2 2 t]dl Z(dibromodibenzo) [g,p] & Al (chrysene)(5.4g,
yield:70%) & AATH.

N[

ke Al 7 (2-B 2R Z(bromodibenzo) [g,pl =2 Al (chrysene)-10-(2-t) ¥l % (dibenzo) [b,d]F @ (furan) 9

3)
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[0125]

[0126]

[0127]

[0128]
[0129]

[0130]

[0131]
[0132]

[0133]

SIHSd 10-2016-0093754

Fir _> o, OH; RN
o 4 PFo(PPhls, K-CO- —

; L D S

i\=’r \=;}—EI'
9] wkgA 7oA ol < Z#2=F(round flask)ol 2,10-tj 22 ET]ulZ(dibromodibenzo) [g,p] 2] Al
(chrysene) (bg, 0.0lmol), 2- E]Bi]}_(mbenzo)[b d]FSH 2Y 4 furanboronic  acid)(2.2g,  0.01lmol),
Pd(PPhs)4(0.01g) % 2M-K.COs/H,0(1: 1) E 3 12A13F F¢F EF-(reflux) AT, £5E A2o= U o, v
g3 Z=eto]=(methylene chloride)® FZ(extraction)dti, &vl(solvent)E Fo(evaporating)Al71aL, A

g7t A™-(silica gel colum)eE  AA(purification)dte] 2-B & X ]l Z(bromodibenzo)[g,pla gl Al
(chrysene)-10-(2-t]¥l Z(dibenzo) [b,d]F & (furan)(4.1g, yield:70%)S < ic}.

ie-2l 8 (2-(fWlx(dibenzo)[b,d]¥F 2 (furan))-10-t]¥Z(dibenzo)[g,p] A2 Al R 24k (chryseneboronic
id)el &4)

fob]
—

C

)
N

7“0

3 Y G Y 7N ¥
-0 -
\~/ ;/\y Y, 25M n-Bull N
B{OEL);. ethar o
<f <\ x’( \/}—u- : (%—9[0.-1:2

Aol wmgA 8ol o], 2-F+ ZFHAH(round flask)ol  2-B2EC]HlZ(bromodibenzo) [g,p] 2] Al
(chrysene)-10-(2-tj¥lZ(dibenzo) [b,d] ¥ & (furan)(4g, 7mmol)3} 100mLe] olElZ(ether)E& Yir W+
(stirring)dtct}. =glo] ofo]2 wjx(Dry-ice bath)olA ==& -78C=Z W& v}, 2.5M n-BulLi(3.1mL,
7mmol)E HH3] Wolreg i (dropping) A=A 1A17F w<F Wuk(stirring)dtl. ©A] =glo] ojo]lx wjx
(dry-ice bath)ollAd 2%5 -78C= W& g, EgdEryo]E(triethylborate)(3.1g, 0.02mol)S 33
ol ] (dropping) Aol 6417 B¢k WwHk(stirring)3tcl. 2N HCl 50mLE Y3l ¥ (quenching)dtir, A
dE A (solid)E oAF(filtering)stal F/HTE FAik(hexane) &2 3-43] FAl(washing)ste] 2-(tHlz=
(dibenzo)[b,d]¥ & (furan))-10-tIWZ(dibenzo)[g,pl A& Al . 2 YA (chryseneboronic acid)(2.6g, yield:70
%S AT

B4 9 (3hh= A1 94)

.-A>__//

Qo HgA 9o A} o], 2-% Zeb=F(round flask)ol 2-(tWlZ(dibenzo)[b,d]¥F & (furan))-10-tjHll %
(dibenzo)[g,pla 8] AW 2 Y AF(chryseneboronic acid)(2.5g, 4 .6mmol ), 2-Z =2 2 (chloro)-4,6-t]¥d

(diphenyl)-1,3,5-E8]o}Z (triazine)(1.3g, 5mmol), Pd(PPh3)4(0.01g)3 2M-K,COs/H0(1:1)E ¥ 1247+ &
o FAF(reflux)AZItt., 25E Aoz Y3 uvs, dWE#dl FZZo|=(methylene chloride)® F&
(extraction)d}aL, {mi(solvent)E Z=(evaporating)Al7]aL, Ag7+A A" (silica gel column)o.ZE A A

(purification)dlo] 3E AL(2.4g, yield:70%)S LAT}.

obeh WA 102 BHEE Age] F4 eIt
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[0134]

[0135]
[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]
[0143]

SIHSd 10-2016-0093754

o] ukg-2] 1004} o], 2-% Zgk~A(round flask)el 2-(¥)¥lZ(dibenzo) [b,d]F&(furan))-10-tjHl =z
(dibenzo)[g,pl A MK 24 (chryseneboronic  acid)(2.5g,  4.6mmol), 2-F2=(chloro)-4,6-8l23d
(terphenyl)-1,3,5-E8o}& (triazine)(2.9g, 5mmol), Pd(PPh3;)4(0.01g)¥} 2M-K.COs/H.0(1:1)E Y 1243t &=

b E-F(reflux)AY. =& Aoz Ud ts, vEd Z=Z&o]=(methylene chloride) F=&
(extraction)stil, &ul(solvent)E ZW(evaporating)Al7]iL, A&7FA AH(silica gel colum)oZ A
(purification)dle] 3MgH&E A8(3.3g, yield:70%)S AAUtt.

of#f WHEA 11 Ux] wkeA 13 313 B1Y 4] W o|t),

kg2l 11 (2-B 2RO WlZ(bromodibenzo) g, pl 2 2] Al(chrysene)-7" ,7° -yWE (dimethyl)-5" ,7 -U3|==
¢l 8= (dihydroindeno) [2, 1-b]7}0}Z=(carbazole) &) 34)

Pdaidbal,y, P{I-Bu}y
il il i L5

|
K_ 7 NalBu, toluans
— —/

Qo] whgA 11o)A¢} o], 2-53 ZTAF(round flask)ol 2,10-t]E 2R )Wl Z(dibromodibenzo)[g,p] 28]
Al (chrysene) (5g, 0.01mol), 7,7-tJH 8 (dimethyl)-5,7-t) 8] =2l ¥ = (dihydroindeno) [2, 1-b] 7}H} =
(carbazole)(2.9g, 0.0lmol), Pds(dba);(0.21g, 0.023mol%), P(t-Bu)3(0.07g, 0.035mol%), NaOBu(l.7g,

0.015mol) ¢} EF<l(toluene)S Wil 130ColA 6AIF EF EF(reflux) ATk, 255 o2 U s,
vedl ZFZglo]=(methylene chloride)® 33 (extraction)dtal, &m(solvent)E Z'(evaporating)A]7]aL,
Ag7tA A-(silica gel colum)l® AA(purification)sdte] 2-BE. 2R W% (bromodibenzo)lg,p]= 2] Al
(chrysene)-7" ,7° -t € (dimethyl)-5 ,7 -t]3|==Z<l %= (dihydroindeno)[2,1-b]7}8}=(carbazole) (5g,
yield :70%)& AU},

e A 12 (2-(7 7 -tHElE(dimethyl)-5" 7 -fd =2 dx(dihydroindeno)[2,1-b] 7}H}+Z (Carbazole) )-
10-t) o] M Z(diibenzo) [g,pl Z & A B2 YA (chryseneboronic acid)®] 3H4)

2.5M n-Buli
S b e S
B{OEL)., ether

9] w2 12014k o], 2-F EF82~F(round flask)ell 2-B ZET]WlZ(bromodibenzo)[g,pl T2 Al
(chrysene)-7" ,7" -t € (dimethyl)-5" ,7" -t]3]==Z<ld*=(dihydroindeno)[2,1-b]17}¥}=(carbazole) (5g,
7.3mmol) T} 100mLe] o E|Z(ether)E ¥ WHF(stirring)dtc}. =glo] ofo]2 vl A(Dry-ice bath)dA =%
-78C= W™ v, 2.5M n-BuLi(3.2nL, 8mmol)E 3] Hojme]il(dropping) AollA 1A% &b wyk
(stirring)dtch, thr] =lo] ofo]2 wlA(dry-ice bath)ellA £&EF -78CE Wd ths, EdEngolE
(triethylborate)(3.2g, 0.02mol)E 3] Hojrgil(dropping) A-2ollAl 6A17F &<t wRk(stirring)got.
2N HCl 50mLE %3l ¥3(quenching)dtil, ¥ A|(solid)E @ (filtering)dtal FH5< #4k(hexane)
o2 3-43] FAl(washing)sted 2-(7" |7 -twE(dimethyl)-5" ,7 -H3]=2<1dx=(dihydroindeno)[2,1-b]7}
v} (Carbazole))-10-t] o] Ml % (diibenzo) [g,p]l A A A B2 YA chryseneboronic acid)(3.3g,yield:70%)< <A
o}.
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[0144]

[0145]

[0146]

[0147]

[0148]

[0149]
[0150]

[0151]

[0152]
[0153]

SIHSd 10-2016-0093754

o~
O W —
/ Pd{PPh;ly. KGO, )f\% _g iy >> §=\>
b THF, H-0 { P [T
h o< OO

)

el wrg2] 130 A9} Zo], 2-FF ZFEh~A(round flask)ol 2-(7° |7 -vwl€(dimethyl)-5" |7’ -H3| ==
¢l %=(dihydroindeno)[2, 1-b]7}H}& (Carbazole) )-10-t] o] Wl Z(di ibenzo) [g,p] A 2] Al 2.2 Y4} (chryseneboronic
acid)(3g,  4.6mmol), 2-FZ=Z(chloro)-4,6-t3d(diphenyl)-1,3,5-E&]o} (triazine)(1.3g,  5mmol),
Pd(PPhs),(0.01g) 3 2M-K,COs/H:0(1: 1) E WL 12413F &<t S (reflu) A, 2525 4202 e ts, ¥

g Z 27 o)=(methylene chloride)® FF(extraction)dtal, &1(solvent)E S (evaporating)Al7]aL, A
7} A- (silica gel column) 2 AA(purification)dte] 3+&E B1(2.7g, yield:70%)& LTt

obgl Wh&-A 14 WA ¥k 16 3H§HE B199] FA Wit}

He-2) 14 (2-B2ROWlZE(bromodibenzo)[g,p] A2 AlI( chrysene)-10-(5-%'d (phenyl)-5,7-H 3| =2 E=Z
(dihydroindolo)[2,3-b]7}8}&(carbazole)) 2] 3H4)

$ Wke-2A 140049 Zo], 2-F Z&~ZF(round flask)ol 2,10-t]B 2 R rj®lZ(dibromodibenzo)[g,pl= 2] 4l
(chrysene)(5g, 0.0lmol), 5-¥d(phenyl)-5,7-T]3] =2 = Z(dihydroindolo)[2,3-b] 7} (carbazole) (3.4g,
0.01mol), Pdy(dba)s;(0.21g, 0.023mol%), P(t-Bu)s(0.07g, 0.035mol%), NaOBu(1l.7g, 0.015mol)e} EF<l
(toluene) & ¥i 130TolA 6A1ZF &< SFF(reflux) AT, 25& Aoz Ud o3, dgal EZetol=
(methylene chloride)® & (extraction)dtal, Eui(solvent)E F@(evaporating)Al7]aL, 74 AH
(silica gel column)©.® AA|(purification)dle] 2-H 2R T]wlZ(bromodibenzo)lg,pl= 2] 4l( chrysene)-10-
(5-¥'d (pheny1)-5,7-t] 3] =2 Q1= & (dihydroindolo) [2,3-b]7}H}& (carbazole) ) (3.5g, yield :70%)& DAT}.

Flac 15 (2-(5-9d (phenyl)-5,7-t] 3| =2 215 2 (dihydroindolo) [2,3-b] 7M1= (carbazole) )-10-t] Hl %
(dibenzo)lg,p] A A E.2YAF(chryseneboronic acid)9 TA)

el Wkl 150 M9} o], 2-G F¥2F(round flask)ol 2-HZRETHIZ(bromodibenzo)[g,p] = 2] Al(
chrysene)-10-(5-31d (phenyl)-5,7-t] 5| =20 &2 (dihydroindolo) [2,3-b] 7}H}Z (carbazole) ) (5g,  6.8mmol) 3}
100mL2] ol el 2 (ether)ES Yal WHH(stirring)dtcl. =g}o] ofo] HjA(Dry-ice bath)olA &%EE -78C= U
A oY, 2.5 n-BuLi(3.0mL, 7mmol)E FH3] Hojrg|i(dropping) F=olA 1AIZE B¢
WH(stirring) 3k, Al =glo] olo] 2~ w2~ (dry-ice bath)olA 2%E -78C=E Ul thg, EoEHolE
(triethylborate)(3.0g, 0.02mol)E 3] Hojrgil(dropping) A-2ollAl 6A17F &<t wRk(stirring)gtt.
2N HCl 50mLE Y3l ¥ (quenching)dtil, ¥ A|(solid)E @ (filtering)dtal FH59 #4t(hexane)
o7 3-43] Al (washing) 3} 2-(5-3'd (pheny1)-5,7-t 8] =21 E=Z (dihydroindolo) [2,3-b] 7}u}Z
(carbazole))-10-t]#l=(dibenzo) [g,p] A 8] A B2 Y F(chryseneboronic acid) (3.3g,yield:70%)& LAt}

_21_



[0154]

[0155]
[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]
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M ‘.fg = ;\J =
Pa{PPhy by, KO0, At A / (75

THF, H:0 7 :
e M=
L : Y

el wkgA 1elM et o], 2-F ZE~A(round flask)ol  2-(5-¥d (phenyl)-5,7-U3| E 2 ER
(dihydroindolo)[2,3-b]7H}2(carbazole))-10-t] ¥l Z(dibenzo) [g,p] A 2] A B 29 2F(chryseneboronic

acid)(3g, 4.3mmol), 2-FZ=Z(chloro)-4,6-t¥|d(diphenyl)-1,3,5-E&|o}Z&(triazine)(1.3g, 4.7mmol),
Pd(PPhs),(0.01g) 3 2M-K,COs/H:0(1: 1) E WL 12413F &k Si(reflu) A, 2525 4202 e ths, ¥

gd FZo}o]=(methylene chloride)® FZ(extraction)stil, &v(solvent)E Z(evaporating)A|7]aL, 2
274 A (silica gel colum) o2 AA|(purification)ste] B19 3+&E(2.6g, yield:70%)S AAtt.

£ oo R ouwel 9 Ao whE f7] BY 279 el wu sl

T 204 & F Qdkel, & Iy A dAAded wE f7] w3 AAE, FF(Anode)(100), HE FUSHIL;
Hole Injecting Layer)(110), A¥ <%Z(HTL; Hole Transporting Layer)(120), 33=(EML; Emitting
Layer)(R)(130), HA 44=(ETL; Electron Transporting Layer)(140), X} FUZ=(EIL: Electron
Injecting Layer)(150), % £ (Cathode)(500)& X3}3}e] o] Fo]xit},

A7) F(100)S AxRA 2 A4 (work function)7} & T LHEZA, o 24 ITO(Indium Tin Oxide),
[e)] =]

o
1Z0(Indium Zinc Oxide), Sn02 TEE 7Zn0 SO 2 o]|Fo]d 4 Ak #EA] 710 FAEHE AL ot}

7] BE FYSHIL)(110) A7) F=(100) Aol FAdHT. 47 AF FYS(HIL)(110)> MIDATA(4,4',4"-
tris(3-methylphenylphenylamino)triphenylamine), CuPc(copper phthalocyanine) B+ PEDOT/PSS(poly(3,4-
ethylenedioxythiphene, polystyrene sulfonate) SO =2 o]Fojza 4 UXvt wr=A] 76 AEE AL oy

ot

A7l AEF FESHIL) (1200 7] AF FUSHIL)(110) ol AT, 47 43 455 HIL) (120)
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-yl)-N,N'-diphenyl-benzidine) S22 o]Fo]& 4 AXA
T REEA]l o] g E= A ofyT,

A7) MHEBILR) (1300 7] 42 FHEWIL(120) Aol P4, 47 $32ELR)(130)S 492
Wse Mo R ool HiE Badd wHES} £uo] o)t

A7) A EFSE s EAE 242 ded g9 12 2d8Es f77] SgeE A 44 JF 22
E SIFERZ o]FolFin}. V] EHREE ogw(lr) e 5P 55 FER oFo4d 5 At

A7) AR 4= (ETL) (140) & A7) w332 (EML(R)) (130) el FA L. A7) AR 42 (ETL)(140)S Algs,
2 AltjolE (oxadiazole), Ed]o}ZE(triazole), HWEZE™ (phenanthroline), ¥WFHAFZ(benzoxazole) Fi W=
E]o}Z (benzthiazole) O3 o]Fo]d 4 UXA|TE, WMEA] 1o SFAHE AL ofyt},

d

o

}7] AR F9=(EIL)(150) 2 7] AR =42 (ETL) (140) Aol FAF. A7) A= FY=(EIL)(150)S LIF
& LiQ(lithium quinolate) SO o]Fojd 4= AT, REEA] 9 ShAHEE= A2 ofYtt,

F

7] &= (Cathode) (500)2 7] AR F=UZ(EIL)(150) “doll 4+
T 3%, d2A, EFvEAD, &g, Ptadlellg), BEWL) e Z4E(Ca) To2 olFodA 4 dX|uE,
e A 0] A E = AL oY),

ol E el A AAjde] wE F7] G Aztel] disir Awet =
I Aok, ez, 2 B dad shek 12 xdHs 4
H =]

Al #AE R PR AFE £ 3 a5 24 Y &

SE SHES T AN BHFS P GYA ALY O PR WA {7 0 24E w2

She WA f7] WY 2t MR ol ] Fe WEIE BE S BBF U P BE A9 B
35 [e]
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[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

[0179]
[0180]

[0181]

[0182]

[0183]

[0184]
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1°il°ﬂ e tjaZdel gAo e
go] o] 3k Aolt}.

(o,
)
)
ki
il
>

, ol AEd = 20 W {7] @

-
=
ok
E e
m{u N*

Apel] wbel e e x] 2 E (TFT) 7}
| e B

7] &3 227} ?—%EJD}.

TAFo R, B wro] A A ue ﬂé%ﬂlﬂ A=, 713(10), AlOlE AF(20), Alo]E HAuH(25),

MEIHZ(30), olx 2FH(35), A A=(40a), =9l A=(40b), BEEH(50), He3tE(70), WA E(80),

9§V WG A5 Egsie] o] Fo ),

71 AllE AS(20) 7] 71%(10) Aol A" FAdH o, 4] AllE AARH(25)2 4] AllE A=

(2005 233t 713 A el FAg=o] slt). A7) AlolE HAF(20)2 EZHdMo), &FrEAl, IEF(Cr),

=(Aw), EJEFE(TI), 14 A (N ), e FEWND, T TE(Cn) 53 2 F502 o|Fod 4= gla, A7) AE

Fold 4 gtk

E Hd FAAE0l i, 7] oA 2FH(35)= 7] dEBES

(30) “oﬂ JHH 6“45101 7] s AF(40a) = AF(40b) 9] HEES $I% o %Zé*l 371 dE R
MNE) B Z(30) AyA wk=A), == 1170, 1720, Zn0, T

‘?__
HA=(40a) % =2l A=(40b)2 M2 wFataA 7] oA 2553 (30) ol E Aol St
T8

A7 A ©

A7 A2s AF(40a) 2 =#Ql AS(40b) S dMo), ¢FuEAD, TECr), F(Aw), HEE(TD, Y
ZAND, WMewsNNd), Ev= F8(Cu) 2 22 522 o|Fod 4 9.

7] B3EH(50)2 A7) 2 AF(40a) 2 =9l A=H(40b) Aol FAE ] A,

(50) el Gl Ak, ol & ©315(70)> EEol=1H (Photo acryl)

o) o
= L
3 e 4717 AABAR olFold 5

o, oﬂ
ui

A7) WAFR0)S 7] HekstE(70) ol FAEe Utk FAFeR, AV WaF(80) W EWAAH
(TFT) ¢} SHAHLES diel o] lom, o]o} & WIZ(80)ol oA I3d o] Ao, A7 WA
(80 F71EAAEH, 9= 19 =(polyimide), ¥Eo}=I™H(Photo acryl), T #HZAlo]F =5 Hl

(BCB)o.&2 o]F oA 4 9},
L
-

il
2
it
i)

o]

(100), 7] 2FR(90) L &=H(500) 0.8 o] Folzt}. A7) %=(100)3 &=+(500)

*é% 71 ggE(90) 2] AL AEd T 20 WE P22 o|FojA & QY. A §7] HFE-

= A = 29 AF FHASWUILQ10), AF F5STL)(120), TFZ(EML(R))(130), A %%

(ETL)(MO) L Az FYS(EIL)(160) 9] AF F22 FAHH, ofd gt vHE A2 Ayeksio),

oS B W] mE fr] WP a2t AEFe 4 AAdd wE f{7] 2F faEye

AT, B o] wE fr] @ axle uUdkdt xR §7
gt Y aAbE ghgeh Fof, 24, dnA, éﬂé, FE, wERE A =

FhlEl, Ag gaZdo] A, AF 2 oF vl 59 EopdMe gaZoe] Fx Tl He" 4 .

osh, ¥ W] me FAAL AN ¥ HudE HPs) A,

N

t
o
feor
13
o
9
=
y
Jo
N
m]i,
i)
o
O
[
i}
k)
)
o

=
(@)
y:

e g WAo] 3mm X 37t HE=F AEYE F AAslT. A 110 71Es e S AW el

FAG F, 10 B2 (torr) 9] ATBNA 718 A2 g,

FAA R, IT0 7] o] CuPC(650A), NPB(400A), <3k 313t A17} RD-1(5%)Z o]Fojx A ubg=
(EML)(200A), Alq3(350A), LiF(5A), B AI(1000A)S A#EHlZ Awsle] Al 1o wE {7] @F 225
Az v},

A 2

o] AAld 104, 33E Al RD-1(5%) 2 o]Fojxl A kg3 (EML) (200A) thAlel 3}3+&E A%} RD-1(5%) =
o] Fo]zl A Al wbad=(EML)(200A4)S AH3s AL AQsta, dEd AAd 13 SUs WHoz AAe 20 u}
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[0185]

[0186]

[0187]

[0188]

[0189]

[0190]

[0191]

[0192]

[0193]

[0194]

[0195]

[0196]

[0197]

[0198]

[0199]

[0200]

[0201]
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2§71 0y 248 Az
A2 3
ITO 7]

2w el 3m < dm7t HES HEYH F ARt AR 110 /RS AF FH Bwl vl

AAG F, 10 E2(torr) o] AFelA F/12S Az At

FAXH R, 110 715 $lo] PEDOT:PSS(800A)S 3000 rpmO& 29 F®EFaL 120ColA 1hrset el g 5,
SHEHE A1 RD-1(5%) & o] Folxl 2 W33 (250A)% 3000 rpmO. 2 2% F® SR 100Tell A 308 F<ek el
A F, Alg3(350A), LiF(5A), B AL(1000A)°] =M= Autste] AAjdl 3o we #7] 23 245 Azt
ATt

PPN o 4

2ol AAld 3elA, sHeh= Al¥ RD-1(50) 2 o] Fofxl A Add5-(EML) (250 A) thalel 3}et= A8¥h RD-1(56)=
oo A S (EML) (250A)& ARRE 2la Alelshar, sk Ao 37 edet o= A 40 nt
2§71 1F 225 AxIHA

Aol 5

21¢] Aol 1404, g3tE Al¥ RD-1(5%) = o] Fojxl A adkag3=(EML) (200A) thalel shtE B1y RD-1(5%) =
o] Fofz7l A A w3 (EML) (200A)S Adutet 218 ALjstar, d&Eeh AAld 19 A Wy oz Aajd 50 w

2 #71 HF 2AE AxET

9 AAld 1014, 832 AlZ RD-1(5%) 2 o] Fo 3z A A3 (EML) (200A) tizlel §‘rf§% B19¢} RD-1(5%) &
o] F o)zl A Al g (EML) (200A)S 93 AL Aelsta, d=s AAld 13 TUst Wgoz Ao 6of uf

g 2AE Azl

|

il
Jo
N,
i)
E

A 3914, 3}HE A1 RD-1(5%) 2 o] Foj 7 A ka2 (EML) (250 A) thalel 3lstE Bl RD-1(5%) 2
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