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71 FAl= 2 el e f7] ERE 22 Aol st S5 2T OLED7F Aledo=s s AET,

B o) Sl §7] wEA WESs 240 pd mAEZA Folait AL Ak F49 34 4BS o)
st otk Wk, 2 W] FAE pd EHERA 0.1 WA 509 HE(F FADS 7H 2% AES 29
3l AR oh) §7] WE"A BAZ AW AP chAZolrE Fuh. mHeto g X dlgo] FA= pd
EHERZAN #4 AES e =Y HE Ul BH9 Hox sy & E§sHE OLEDe]7| &= st
Folzabe AAPE AR AEaE Aol o) theael, Folx Wl AAde WE 4+ A A
Ay golAoltt. Eal, w4 AEe) Folx SAS AT o f7] EYL B B A0R A
&5 Qa, olF, A f7] MEHE BAS ol UgE Fols Y1 eI EE Ffath

3% AEe 35 5 driee ols) gl HEol. Awdowm, 34 3
e B4 47 HRRAW, Z A0E Hojw AVIh dAZ FhSE ARoln, e BE a2 FAehs
A9% g,

FBAE, B4 A8 day AR, 53 dolw shiel F4-34 ATL TV FE2 sy

FET Aol mEw, 3 AR Aow shtel F4 QAL THE, 2F, Ve, 05F, oldF 2
Folw ag EPehs WP FErowyy AdEn. 53, 2F F¥o] mgsit

FEE Arelel Y, F4 9% 14

=
g oidE, S8 Fow gud do| #% Axolr.
)

AL hiAlgk, NPB(NN'-t]-1-yze-tad-l=d, HOMO = 5.5 eV; LUMO = 2.4 eV) E& YXZE
(4,4" 4" -EZ 2=(N-(1-v=g)-N-#d-olv .o)-Eg| s do}7l; HOMO = 5.1 eV; LUMO = 2.3 eV)¢} o] OLED
N AT hEs dBe it B4H 22 ouat. ola, =R AUA F FAR ATHY, 5
MESse 24E0 AT LAEe EHEo] oS oula

FeeAE, F4 25 AB2A 49 98 T2E 40 FEo A8HY, of u t% wgHaE, Aok
el BE-Bh AFE w204 2 Ay w5 o] o T A, ot A F¥ "Cotton FA,

Gruhn NE, Gu J, Huang P, Lichtenberger DL, Murillo Ca, Van Dorn LO and Wilkinson CC: "Closed Shell
Molecules That Ionize More Readily Than Cesium" in Science, 2002, 298; 1971-1974¢ &FX® n}e} 2},
mR7EA & ol gk 2= WO 2005/08625100 % ZiAjE o] Slvk. ey, Y] Ed@dAE, fw TxEE 7R
Sey 4 AEol nd mREZA qRATH: BHoRNY Agsln vk SAW, A & 5 Qe v
s o], oleldt Ae RE oF FEolu, 7] Bdlol 2R Fx5el sgEE AL ohd.

EHo 7lost 9
T 12 ITOCIF-F4-2ketE: oF =3 Aksl F4) Ao 4 735 o]&3le] 150 nm FA2] AAF ¢hy
A% BCP(=2,9-t)W&-4,7- ﬂzﬂé 1,10-8FEER)E STFAIA vER Ao 5EAA

= 2% B4 718E ol8ste] PDN-2& AE hHAl NPB(=HIZ-NNN' N'-(UGZD-sd)fiAe) S =33t et
W EAMES EAlskaL,
=3 MEH Vlesea U7 OLEDS] +AS EAshaL,
T 4 A @bl Eo] w9l ¥ Rhy(CFsC00),0] 725 EASkL,
= 5% 0%, 1%, 5%, 10% =33 = 100% PDWol tiat AxE YellleE EAXNES =481,
62 & 5o gl Ar]el 7lsE oo EAIE FEC TEFUUEA AHERY] O xE LAEkaL,
= ITO( ANHF %4 *Pfﬂr% = Qi =8 Absl F4) A5l E 7IstE ol &stel FES AR AN
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< HERRa,

12 = 79 W@k ook FAbeA FAEH AE FASN NPB Al YEZoEE 239 3 tele s
Lebdict

o
fol
e

o

gEe YAl e FAH A WE

0 2005/086251 A2¢l+= 744 n¥ EHERA 9F x5 7k FEe] AsjEe] vk, A7) £HeIA pd =
HERM A8 HolRu-HE-ESFRoMH | E(PDN-2), & 43 Folxat 54 7 a5 =9
544 Y E(representative) S nd EHERA 0|83 & Q7S APey] Hal, olate] AFL
=

ITO(AEF-F4-4t8E: <y =39 A3t 74) A
BCP(=2,9-t]wd-4,7-t]#Hd-1,10-HFEZH =
g, I Ay T o1 EAEY 9le,
AlE B3 5440 &AE YERITHE 1 A

=73 &€ 713tE o] &3le] 150 nm FAL HAAF HA]
G 2= 150 mFAe] ErETel 9%

7 248 olgdtel HRFGom, ALYER B

O

A2 golA, FA 7]13HE o]8&3te] BBT Ol 10% PDW-28 Z=geict. & 194 dEZ BAH 5442 &5
BCBe] 5443 2adh Frmant zpolzh gtk ZeB®, PDN-2% dubdowm ny mdERA AYE $ gl

H
o, 53 OLED %, 7] OLEDe] AH&¥m) 5.8 - 6.2 eVel W& 72l 544 HOMO 7] 3.0 - 2.4 eVe] W9
g 71 A LS 83 541 A4 shiAlel 4

b
£
o

&710 7] %%k gz fFAFSHA, A R = ]85} PDW-2%& AT QH A
NPB(=H]2=-N,N,N' N'-(UJZE-# A ) & =33, = 2 z

B, 5% =3 (A4E) 2 109 =2 (N 9)S YET.

o, POW-20 93] A& < wEy X~ B9 p¥ =3 S& 3§ vk JS B9 AAET. s9AE, &
Fulgo R ouyd HFET FAHA &S F oA =
factor)7} =&® Y. &FH =F& 98, It Fud T F

T2 A= 0-15%). NPBol|A2] 1-10% PDW-2 7te] EAMEL Ao s}

=1 =2 =
A BTG, Adgto]l & W S4AE0] THFoEA, A7 4 7]

71 MEYHE 245 pd EUER = AL 7] B vole=E Hdl vig- Tastt. 7] 3 ol
exo Ir(cd/m), HEE(cd/A) B FE FEM)S EFTAAY JAE D 3 ds sele] F9do 4
Kl d FETEe o, AA FxAl vs A

TESE Aolth(<<30%). H& HEAsHAE, 47

) FEFEANN, A4S A9 2L Afel U
Fadt Age HAFRE EE an o Fold, 55550

T 3 A Vs ES 28S OLEDY TS =AIgth.  HelRo| fxe 19k FAle 7P FAL T
(D& AT & o, 7] T2 d& 9 44, F8 B8 a5 d5od Egv 4502 748 7#E
eRA. 1 flo] oE EW B AR ASlER A" A5 22 B d5(2)e] X, £y A=
A AFslE-(transparent conductive oxides, ¢Fo]l& "TCO")& HFW3d ArA EAE=2, dukxoz A3 F45&
Tate, o & W 48l ofd, ks 4, A3l Fl=F, AbE ElebgE, 4hE F e JF 54 4HEE(1T0) 0]

gtl.  o|lE 5w 7Zn0, Sn0, TE In0: #& 29 23 54 FadE2d o & 59 Zn,Sn0:, CdSnOs;, ZnSnOs,
MgInOy, GalnOz, ZnpIny0s B+ InSny0p9t 22 3¢ Atsl 54 I3E Ee A= b2 Fy dxyg AsiEe &

=
FEEol T0wol S3vk.  EF, TC0= spetzded A jt=A] 78 Fda+= glen, p
KeX

A AUAZ(3)del OLEDY af AL, & HFS(4)o] XSt 1 foll dAA #55(56) 2 du A=
(counter electrode)(6)¢] 9%t} WEZF(4)S 5 €W #7] 71sFo=, o8 €W Zg(p-ddd-vd
) (PPV) ¥ 2o Zw7A e ZAAEHE)-LFNF (Al T TS 29 AEAA
("small molecules")d % Uvt. T o EW, vjEZ A EF H|2-NN'-(F}28t2 R #H D (CPB) ol =3¢



[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

[0029]

[0030]

[0031]

[0032]
[0033]

[0034]

E (199 w) oA F DT 2L A2 EelZe ofulE (triplett enitter)E 717 & A, @53
o we A WESER T4 5 AW, o] W dF SW AM, a4 wme P Fo] BEAY. =AE 35
(1WA 6ol thal %rhHez, BARE ol 8¢ LD W57l AgHale),

AFEL A7) g7 53] Agdxt dd4dr.

A g Bl A9, At 9o dd=rF 2% 9E€s . dAE, AHE T J I E(peaks)
AA Z(field enhancement) % "t 23FE(dark spots)"S e FAH ALHE oy, o= wF HA
o EFS =g 4 U Oile S 294 ZEOHAEHOIEA "9F"-2Eo] mdHE AFT FUS J&, =
9 (inherent) AF A3} AY{ o] oq7]x] A £ AF £FS A= Fol AL 5= 9

nlg e AE, Ry 8 2 94-9% A% ¥ gx DasEi go 2F FEo| ALgHD, o) Solx
2 Bl AXM p¥ EHERA, |l AR FEARA o

e vt AL Ho|ZFHERELEFLEoMHOIE(E )0, 7] EFL §83 53 54wl

w-$- H3reier.  3kg = [F. A. Cotton, C. A. Murillo, R.A. Walton "Multiple Bonds between Metal
Atoms" 3%, Springer Science and Business Media, Inc. 2005. 465-611]oA, EHAIE, XA e Haf

- 4+ _ - - = - - -
Zol % AAA Rh, - 9 FolARA ARF & Ak AL AFRHoR AT & AAT. A1
)

A, NPB EE UEvheR(bEohel = 4,47 4'-Ed (v Id-o}v] o)~ E el dofl) &
o 5

13|
=4
oA, old@ Bgol pd BB oPlF F e AP B X & Ath

0;

71=d Aol
PDW-2% =3 g

= 4= UEA Axjv el Eo] w9 e Rhy(CF,C00),8] F+2E A ST},

4+

Rh, -] e 5AAH 2% A2 7] T2, B3 o2 S5W FA UAA Rh, -o]LS ELTFH FA}
At FARRE 715 7R F2E 8 p¥E ERERA wA R Ageit. ole, dHoEE F TXE,
g2 o= 7] FAEY g =2 Fo|lk AR E oyt 53|, p¥ E=HERZA e T4 44 U
A =& ZAEo] A, BV 5 A= odE BEW dAdHA &2 WEAe 22 wEedd A3 wid
(k. A AAEA, 53], AeotE WA A9ot=e] &5 L Er).

AFE FEe A, Aok 2/ & T4 dAE, dFERY A5 AEs 2Ny 55 T dAE, 53 el
=5 %Z}%—S— 1,2,3,4 T 1 o)y tF (53] 28 (bidentate)) EZFEEo| Y3 rtudn. 7] St=E
= 47 Aolm 2749 F5 T4 A5 747 e Fts dAE Agdt. % dAe vAS we, A
7] @A B=ER Aol 4-wfETh. ® 4ol E=AlE i o], oF FEo Folxzik 5L, 53], A
o T4 A FExSEAY W weAtel st dar, 7] wiel zpElelA ClE ¥ WEkske] A o] Alzkd
Ao ZH dofzitt. H& Ao wlg FWdlle, F5%-a% AT ofye) itz gk 4 HEe A
(equatorial bond)e] $1A|&}= Aol vigtalslt;., AWy o=r F QA= &2t T §l WAy E X,
ol Fa 7t Ett= B F4 YA upe} ] FELS Folxitet)

YEZA, 53], BE 23 e o gzt=rt Aetd, uigAsiAlE A& F4 (electron-withdrawing)
grert At dE 5, dxk FoA FtERANY SolE5S dAT 4 dEd, o 9 CHal Hs
{(COOH, E3] CFH;,COOH 2 CClH;COOH(e] ™ x&= 0 WA 3¢9 AFolw, Hald &2 IA2E gyd),
(CRy,Rz,R3)CO0HO] ™, ©] W] Ry, Ry, Re 242 &4, ¢S vl ds A= 1, g, od, T2 o|AaXgd p-

el sec—HY, tert-FE %W WA ag]a o5 X% FAH (o, p, m-ZE22E2MZEAE, o,p,m-AlotHl
22, EZMRA, E3EAY FEHoR Esld 4UVE e ANz, Ao wEbA 13 o] X3y
w EslEAY BEHos Esld dAVE e 44Nz, gEust2 2t 5H)d 9l

sEAeAE, B odgel neh ASH FE ABES M FEs J5E S de BA5S dehad. A
F5 4RSS 47 Angte] ARHAY vEYs B e 0 ARy A 5 s AL gua.
PDI-2¢] AA7HAARE 58 B Ao olsksl 2ol A4E & gk

1) Soz hAY 4789 23 HNEES EFI IXFolM FE-FEo| tht o]dte] 2o EE

4 X 4e = PZr=9] 1674 AR =
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1 X 2e

Rh-Rh Atele] 1w Agke] 2719 AAE
2 X 9e = 2§ 18719 HAE

T e 3601, Z7ke] Rhi 89 Jba FuE AW, Z g Aol E:, 4V & 368 eert FA@

i) h
2 559 Aeodr =&HT.

M 5% ABES 747 ARt wi dEL: B3 2e e 4E% A%E 4 &S AYad. 2o
A-58A 45 A8 AT 94 D B4 A9 o8 RAET EG2e] ngH

=
7] ME"E A B2 X ity 43 M mE—-AEe] A3std, oE EW, NPB; Y2Ztle};
N,N'-H] A2 (yzgdl-1-2)-N N'-v] 2= (#d)-# =X D (N,N'-Bis(naphthalen-1-y1)-N,N'-bis(phenyl )-benzidine) ;
N,N'-H] A2z gdl-2-2)-N N'-v] 2= (#Hd) -3 X D (N,N'-Bis(naphthalen-2-y1)-N,N'-bis(phenyl )-benzidine) ;
N,N'-H] 2= E-wE#Hd)-N,N'-v] 2= (3 d)-#= =D (N,N'-Bis(3-methylphenyl )-N,N'-bis(phenyl )-benzidine) ;
N N'-B 2 (3-H 3 d)-N N -8 2(Hd)-9,9' -23] ZH] ZF 2 @ (N,N'-Bis(3-methylphenyl)-N,N'-bis(phenyl)-
9,9-spirobifluorene);
N,N'-H]| A~ (Y Zgdl-1-9)-N,N'-H]| 2~ (#Hd)-9,9-~39] 21| ZF 2 A (N,N'-Bis(naphthalen-1-y1)-N,N'-
bis(phenyl)-9,9-spirobifluorene);
N, N'=8] 2= (3-d D o d)-N,N'-0] 2= (] d)-9,9-T] W& &5 2 A (N,N' -Bis(3-methylphenyl )-N,N'-bis(phenyl)-9,9-
dimethyl-fluorene);
N N'=H] 2 (3-HZgall-1-4)-N N'-H] 2~ (#Hd)-9,9-t W & -ZF 2 A (N,N'-Bis(3-naphthalen-1-y1)-N,N'-
bis(phenyl)-9,9-dimethyl-fluorene);
N, N'=H] 2= (3-d g3 d)-N,N'-H] = (3d)-9,9-T] 7 d-EF 2 @ (N,N'-Bis(3-methyIphenyl )-N,N'-bis(phenyl)-
9,9-diphenyl-fluorene);
N,N'-H] A~ (3-Y2Zed-1-2)-N,N'-°] =~ (Hd)-9,9-t] | Id-&EF 2. A (N,N'-Bis(3-naphthalen-1-y1)-N,N'-
bis(phenyl)-9,9-diphenyl-fluorene);
2,2",7, 7 -HEZG7) AN, N-t)Hdo}u| x=)-9 9'-Au ZH]|ZF 0 dl(2,2',7,7" -Tetrakis(N,N-diphenylamino)-
9,9'-spirobifluorene);
9,9-H] 22[4-(N,N-H] 22-H] ¥ d -4~ -o}m] ) B d ]-9H-ZF 2. @ (9,9-Bis[4-(N,N-bis-bipheny -4~y -
amino)pheny! ]-9H-f luorene) ;
9,9-H] 2 [4-(N,N-H] =2-y 2 el -2-d-o}u| =) | d |-9H-=F 2 A (9,9-Bis[4-(N,N-bis—naphthalen-2-y1-
amino)pheny! ]-9H-f luorene) ;
9,9-¥] 2= [4-(N,N'-R] 2~ L&l -2-A -N N' -H| 2-7 d -0} 1] . ) -3 J ]-9-Z-F 2 & (9, 9-Bis[4-(N,N'-bis-
naphthalen-2-y1-N,N'-bis—phenyl-amino)-pheny! |-9H-f luorene);
2,2", 7,7 -"HEIG7| A[(N-UZadd (Hd)-opu]=]-9,9-A~9 ZH]| ZF 0 @(2,2',7,7" -Tetrakis[ (N-
naphthalenyl (phenyl)-amino]-9,9-spirobifluorene);
N N'-H| A (HGEA-9-2U)-N, N' -8 2 (#d)-Hl 2 D (N,N'-bis(phenanthren-9-y1)-N,N'-bis(phenyl )-benzidine)
2,7-H] 2~ [N N-H] 2 (9,9-25] Z-H]| ZZ 0 @ll-2-¢Y )-o}1] = ]-9,9-~ 1] Z H] ZFQ A (2, 7-Bis[N,N-bis(9,9-spiro-
bifluorene-2-yl)-amino]-9,9-spirobifluorene);

2,2" 0] 2 [N, N-0] 2 (1] H 9 -4-2 ) o}r] 1= ]-9, 9-~ 3] ZH] ZZ ¢ &l (2,2'-Bis[N,N-bis(biphenyl-4-y1)amino]-9,9-

_7_



[0061]
[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]
[0073]
[0074]
[0075]
[0076]
[0077]

[0078]

[0079]

[0080]
[0081]

[0082]

[0083]

[0084]

SE S5 10-1645042

spirobifluorene);
2,2'-8]2=(N,N-t]-dd-o}u| = )-9, 9-25] 28] ZF 2 dl(2,2'-Bis(N,N-di-phenyl-amino)-9,9-spirobif luorene);
et 2 Aol d-T-2] 25 (Phthalocyanine-Coppercomplex) ;

4,4 4" -EZ=(N-3-vE A d-N-gld-o}n| =) ET] o do}nl(4,4' 4" ' ~Tris(N-3-methylpheny-N-phenyl-
amino)triphenylamine);

4,4" 4" -EFA(N-(2-v=Z8)-N-dd-olu| =) Eg Ao} (4,4',4" '-Tris(N-(2-naphthyl )-N-phenyl-
amino)triphenylamine);

4,4" 4" -EFA(N-(1-v=Z8)-N-gd-opn =) Eg A o} (4,4' 4" '-Tris(N-(1-naphthyl )-N-phenyl-
amino)triphenylamine);

4.4" 4" -EZ (N N-gHd-oln| ) Eg]Hdolw(4,4' 4" '-Tris(N,N-diphenyl-amino)triphenylamine); ElElgE
2 xlol= ZEFZ AJo} U (Titanium oxide phthalocyanine);

2,3,5,6-HEZGZF92-7.7,8,8, ~HEHA o} .=-F =t W €H(2,3,5,6-Tetraf luoro-7,7,8,8,~tetracyano-
quinodimethane) ;

@R =[2,3-f]1[1, 10] 0 FEZEE-2,3-t|7} 28 EH (Pyrazino[2,3-f]1[1, 10]phenanthrolone-2, 3-
dicarbonitrile);

N,N,N' N'-"H EZ7)| ~4-HEA A D) AR D (N,N,N' N'-Tetrakis(4-methoxyphenyl)benzidine);

2, 7-H] 2~ [N N-B] 2~ (4-H| EA]-Hd ) o}n| = ]-9  9- AT 2 U] ZF 0 A (2,7-Bis[N,N-bis(4-methoxy-phenyl )amino]-
9,9-spirobifluorene);

2,2'-H] 2 [N, N-R] 2 (4-H| EA] - d ) o} 1] 1= ]-9 9-2 3] 2 H] ZF 0 @l(2,2'-Bis[N,N-bis(4-methoxy-phenyl)amino]-
9,9-spirobifluorene);

1,3-H] A~ (F}28E-9-) WA (1,3-Bis(carbazol-9-y1 )benzene) ;

1,3,5-Ef 2 (FF2nlE-9-2)WlAl(1,3,5-Tris(carbazol-9-y1)benzene) ;

4.4" 4" -EY2(71E2nE-9-Y) Eg A dolHl(4,4' 4" '-Tris(carbazol-9-yl)triphenylamine);
4,4'-v]2=(7h20kE-9-)H| D (4,4 -Bis(carbazol-9-y1)biphenyl);

4,4' -0 2(9-7k2RkE) -2, 2" - v E-0] A d (4,4 -Bis(9-carbazolyl)-2,2' ~dimethyl-biphenyl ) ;
2,7-H] 2 (72 8E-9-9)-9,9-tiE ZF 2 (2, 7-Bis(carbazol-9-y1)-9,9-dimentyl f luorene) %

2,2".7, 7" -HEZI| A(FFERE-9-U)-9,9' -~ 2R ZF e (2,2',7,7 -Tetrakis(carbazol-9-y1)-9,9' -
spirobifluorene)©] Utt.
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