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gy e AIsE7] e FAE Q] &
WO 2005/086251 A20l+&= B34 nd =HEZA oF F2& 717 #Eo] 2Ee] k. 7] £3dA pd =

HEZA HTH to|ZE-HEZ- El—gTOEOMIEl O|E(PDW-2), F 43 Folxit EAS 717 34 FEQ
44 AP E(representative) S nd EZHERA o] &8 4 A=7tE Als7] f18, olste] ARE 3353
o}

ITO(ClF-F4-2t8} 5 A\ =3d s F4) dAT4o & 785 o]&3sko] 150 nm FA9 HA chAF
BCP(=2,9-t)H|d—-4,7-t] 3 d-1,10-HIEZH)E = g

ARG, 5 AFoRE 150 mFAe] dFujFse] 9
4 mi A719] 2AE o] &3ste] FAsoH, AHEER &®

@b, 1 A w16 mAEe] glew, o ),
A A B4 248 TR 1 A1),

A2 oA, FA] 7182 o]&3le] BCBZOl 10% PDV-22 =333t} = loA JEZ FAYE EANE &3
BCBY] EAA} 4% BEEnk 2jo]rh vk, Ze|BmE | PDY-2& Udwtdow nd EHERA A" £ glo
, 53] OLED 2, A7) OLEDo] AFRE™ 5.8 - 6.2 eV WS 717 =44 HOMO WA 3.0 - 2.4 eVe] W9
= 71 B4 LIMOE X838k 544 A ehliAlel AdE 4 fiot.

U H

71l 7=t A9 3} FrAFSHAL, A

NPB(=H] 2=-N,N,N' ,N'—( L}i SHE)HAE)E BT, = 20 EAE EAAES 00 =AY ), 19 =
BOAME), 5% =8 () H 10% =300 )S o

ol:=, PDW-2¢l 93] B3 <hl mEg 2~ 9] pd &8s & 5 ke e #1938 At =d9AR, &
FHFoRRE oud JIFELE FYHA XS F 3

factor)7} =&Hc}. F3Hd =L s, <k7to

1w
TS A = 0-15%). NPBell A 2] 1-10% PDW-2 7te] EAMELS A Fdst. o
A APATE, Aol & W 54450 2HFe=A, AF A 7] ©
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JA F FA@ReRE FEIITHES] 0-50%, t% Hf
o]’ EQAEL o] FA35

#71 HEY s BAL pY EHER et A 7] WP oot g8 e Fash f7] 2F thol
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9ol e EW B AR ASERE 7A4E A5 e
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FEEo] 100l Fetrh. =, TC0E gehaFas 4o
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W BEY g4 229 £ Jdrh. E 30 g2 59 110 ol=E=rt E=AEY gtk AT ek o=t A
T AZ(3) 0] AAEH, A7 AE QUATES E B wEl 7] mEY~ BEAE PR, 7] {7
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("small molecules")¥d 4= Urt. Eg, o& W, WE=2~ E4 ¥ 2N N'-(Ft20tx2du]# D (CPB) ] =3 %
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(1 WA 6)oll el F7tHez, SAFS o83 0LEDS] w37} 2 sttt

AFEL A7) g7 B8] Agdxt ddd.

Ay g BEAA AS, Js T Ad=rt o 9s dvh. dAE, A4E EE 9 A E(peaks)
AA Z(field enhancement) % "t 23F(dark spots)"S e FAH AHES ofr|sta, o= G HA
o EFS =g 5 0%13 EW 28] ZFEOMAEHCIEA "E"-FEe] wgE AT FUT

A z
#¢)(inherent) AR AT ARso] d7]X YA B AF EFS AL Fol 44E F Atk
BEAE, Rhy 8 2 BE-RS A%e ¥IW 3% AR g 2FE A8 AHgHY
2k 540l AN pY ERERA, 28T A4 82 T,

oL vgAst AL, Yol FHEHELZFOEMHOE(R 4)0d, A7 4L 783 53 SduTol
u)$- Askeick,  3}ek & [F. A. Cotton, C. A. Murillo, R.A. Walton "Multiple Bonds between Metal
Atoms" 3%, Springer Science and Business Media, Inc. 2005. 465-611]°A4, EH A%, X3FA o Hiak

Zo % 9AA Rh, -34S A FoAA AT & vk AL AAFHOR FAT + AUk Al
71E% A, NPB EE YIuel(UEZoe = 4,4 4"-Ega((-UZE)-N-s oo ) -Edd o) &
POV-22 w=ggromy, o2 so] pd =& o & AeS AFE Fo & 5 AU

% 4 el A iEe] w9l E Ry (CF,C00),0 TEE EA ST

Rh, -Z=o] tfa]l SAAH0 2& FEo Ay T2 B35 o =W 24 A2 Rh, -0l &S T3 HAF

Ak fAE ANE M TERE A9 p¥ RHERA SRR HgsT. ok, @MoRE U TRE,
OE gHomE 37 Aol g e Folli MR opldr. 53, p¥ EHERA B 34 A4 4
A B4 Fgel Ay, ) F& F % 44 weg 5

Aok, T4 AARA, 53], A6F-F WA AN

AF &Y A5, Aok 29 55 T4 dAE, dFEEY AF 4G 249 55 T dAE, 53] do]
& JAAELS 1,2,3,4 = 2 ol UFH(ETF| 28k (bidentate)) EZFE=EC o8 rlmEd. A Ei=E
= A7 Aol 2718 & 4 dAEdd A7 e giis dAE At % e wAS we, A
7] @78 Y=ER Aok 4-wjErt. = 4o mA|E uie} o], 9F A& FolzAk BEAL, 5], A
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g 3601, Zhzhel Rhiz 3H] ks FHlE HAT, S b AeIv. B, AT § 362 HRET @
7

2 259

65 =& FE-F5-4 A, F, 0, 2Xn, 1X§-A%E 7HA

T EE wE-wE-3 A, S oo, 2xn, IXE-AT, 1X6#2 7HA

85 w&: wE-wE20 A, S o, 2xXm, IXE-AF, 1X8§x, 1XnxZ 7MY
9% F&: FE-FE-1 A, F o, 2Xw, 1X§-AF, 1x6%, 2XnxE 7MY

=
7] ME" A B2 X iy 43 A mjE—-AEo] A3tstd, oE EW, NPB; Y2Ztie}
N,N'-H]| A2 (yzgdl-1-¢)-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'-R] = E-wE#Hd)-N, N'-v] 2= (#Hd)-# XD (N,N'-Bis(3-methylphenyl )-N,N'-bis(phenyl )-benzidine) ;
N, N'-H] 2= (3-d& & d)-N,N'-0] 2= (Hd)-9,9"' -2 ZH] ZF L A (N,N'-Bis(3-methylphenyl )-N,N'-bis(phenyl)-
9,9-spirobifluorene);
N N'-H A (GZgdl-1-9)-N, N'-H] 2 (Fd)-9,9-23] 2H] ZF 9 Al (N,N'-Bis(naphthalen-1-y1)-N,N'-
bis(phenyl)-9,9-spirobifluorene);
NN'=H 2 (3w ol ) -N N -0 2= (3 ) -9, 9-H] v &7 2 A (N, N' -Bi s (3-methylphenyl)-N,N'~bis(pheny1)-9, 9~
dimethyl-fluorene);
N N' =82 (3~ ZEall-1-U)-N,N' -] 2= (3 9)-9,9- v W & -ZF 2 A (N,N' -Bis(3-naphthalen-1-y1)-N,N'~
bis(phenyl)-9,9-dimethyl-fluorene);
N N'-H] 2= (3-w 23 d)-N,N'-H] 2= (] d)-9,9-1 | d-ZF 2 W (N,N'-Bis(3-methylphenyl )-N,N'-bis(phenyl )~
9,9-diphenyl-fluorene);
N N'-H] 2 (3-Y g all-1-¢)-N, N'-H] 2= (3 d)-9,9-t 3 I -&F 2. A (N,N' -Bis(3-naphthalen-1-y1)-N,N'-
bis(phenyl)-9,9-diphenyl-fluorene);
2,2",7, 7 -"HEZ7] 2N, N-t]Hdo}r| =)-9 9" -2T 2R ZF2.d(2,2' 7,7 -Tetrakis(N,N-diphenylamino)-
9,9'-spirobifluorene);
9,9-H] 2= [4-(N N-H] 2=-H] H d-4-LD -0} =) A |-9H-ZF 2. A (9,9-Bis[4-(N,N-bis-biphenyl-4-y1-
amino)pheny!l ]-9H-f luorene);

9,9-H] 2 [4-(N,N-R] 22~} Z &2l -2-d-o}n| 1= ) H d ]-9H-ZFF 2. AW (9,9-Bis [4-(N,N-bis-naphthalen-2-y1-
amino)pheny!l ]-9H-f luorene);

9,9-H] 2 [4-(N,N'-H] - Z &l -2-U-N N'-H] - d-o} 0] =) -H D |-9N-ZF 29 (9,9-Bis[4-(N,N'-bis—
naphthalen—-2-y1-N,N'-bis-phenyl-amino)-pheny! ]-9H-f luorene);

22", 7,7 -HEGI| [ (N-HzZg e d (Fd)-oln = ]-9,9-29 2 u] 7 0.39(2,2" 7,7 -Tetrakis[ (N-
naphthaleny! (phenyl)-amino]-9,9-spirobifluorene);

N,N'-H] 2 (HGEA-9-2)-N N'-1] = (HA)- A (N,N'-bis(phenanthren-9-y1)-N,N'-bis(phenyl)-benzidine);
2,7-H] =[N N-H]|2(9,9-23] 2-H| ZF ¢ A-2-Y)-o}n] = ]-9, 9-~ 3] ZH] Z 2 9 @ll(2,7-Bis[N,N-bis(9,9-spiro-
bifluorene-2-yl)-amino]-9,9-spirobifluorene);

2,2" -1 =[N N-v] = (v H -4~ ) o}v] = ]-9,9- 2T W] ZF 2. # (2,2 -Bis[N,N-bis(biphenyl-4-yl)amino]-9,9-
spirobifluorene);

2,2'-H] (N, N-t]-3 d-o}1| = )-9,9-23] 2 1] ZF 2 A (2,2'-Bis(N,N-di—phenyl-amino)-9,9-spirobifluorene);
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ZetZ Aol -] 2HE-(Phthalocyanine—-Coppercomplex) ;
4,4" 4" -EHA(N-3-d D D-N-g d-o}v] =) EF]H o} (4,4" 4" '~Tris(N-3-methylphenyl-N-phenyl-
amino)triphenylamine);

4.4 4" "-Ef2(N-(2-Y=Zg)-N-dd-oln ) EgH o} (4,4 4" '-Tris(N-(2-naphthyl)-N-phenyl-

amino)triphenylamine);

4,4 4" "-Ef2N-(1-Y=Zg)-N-dd-oln ) EgH Hdo}7(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); ElElg
SAlo|= ZEFZ AJo} W (Titanium oxide phthalocyanine);

2,3,5,~HEHZFE02-7,7,8,8 -HEHA ol =-F =] EH(2,3,5,6-Tetraf luoro-7,7,8,8,-tetracyano-
quinodimethane);

A =[2,3-{1[1, 10| A FEEE-2,3-t]7} 2R Y EH (Pyrazino[2,3-f][1, 10]phenanthrolone-2, 3~
dicarbonitrile);

N,N,N' N'-H Eg}7]| =24-vEA A D) HA D (N,N,N' N'-Tetrakis(4-methoxyphenyl )benzidine);

2, 7-H] 2 [N N-H] 2 (4-H EA]-H ) o} 1] = ]-9, 9-2~ 3] 2 H] ZF 2 A (2, 7-Bis[N,N-bis(4-methoxy-phenyl )amino]-
9,9-spirobifluorene);

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

1,3-Hl 2 (F7F2ulE-9-2 ) wilAl (1, 3-Bis(carbazol-9-y1)benzene) ;

1,3,5-Eg| 2 (FFEnE-9-4)MA(1,3,5-Tris(carbazol-9-yl )benzene) ;

4.4" 4" -EY2(7120E-9-Y) EgH Dol (4,4 ,4" '-Tris(carbazol-9-yl)triphenylamine);
4,4"-8) A (F}EuE-9-Y) B #H D (4,4 -Bis(carbazol-9-y1)biphenyl);

4,4' -0 = (9-7tE2uEY)-2,2' -t W e~ Hd (4,4'-Bis(9-carbazolyl)-2,2'~dimethyl-biphenyl) ;
2,7-°] 2= (F7F2uE-9-9)-9,9-t W d EF 2. A (2, 7-Bis(carbazol -9-y1)-9,9-dimentyl f luorene) =

2,2",7, 7" -HEZI 2(FF28E-9-¢)-9,9' -2T ZH| EF A (2,2' 7,7 -Tetrakis(carbazol-9-y1)-9,9 "'~
spirobifluorene)e] 9l

e, £ oj =
A @AAT. ol @ A= tiHA 7] EF vole=E Hfdl v Sadd, = L3t
wolth. 7 =429 dAE Ee dAsddA A Si= AR A 92s = SE0 o

o AF B8l sk AAd o o

AP Ba BAR AR AR, oAAA EFL A 4G Aoz
[e]

o
o,
i
ol
li
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N

=

71 71Est AE fAbeHl, Al 718HE Sl POW-28 A4 ShlAl NPB(=H]Z=-N,NN' N'-(H=Zd-7d)
Ao £33t = 5o EAlEH EAHNES 0%, 1%, 5%, 10% =3 = 100% PDW2el gt A z}o|ct,

B Al v 2g)=Z=, 550 - 600 mme] WS 7R WV 2FAEH| A PDW2o] 9|3 NPB =F =5 A 3o},
2

&= 69 adE= = 5o el A7lel ZlsE o Al S5O FEFUHES AFEHS EAGT. 342 mn
of uvagell elal] Sol of7]Hw, NPBS¢] o] A&HAow gt} & =HES 3] dAskAl, PDW2=

ITO(QF 74 W8HE = AF 99 48k F4) A346) G 7138 olg3tel olste] FES AR FHAA,



[0087]
[0088]

[0089]

[0090]

[0091]

[0092]

[0093]
[0094]

[0095]

[0096]
[0097]
[0098]
[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

SIHSd 10-2010-0050455

fr7] g ol =E FA (Al = EFFE Lol EEAF =Y UolE, Lif = RS 23 H).
a. 50 nm NPB; 40 nm NPB; 40 nm Alg; 0.7 nm LiF; 200 nm Al €4)
b. 50 nm NPB: PDW-2 [10%]; 40 nm NPB; 40 nm Alg; 0.7 nm LiF; 200 nm Al(¥1 €)

10 mi/arel AF DEE Q7] S8, £48 4T FUFS ASFORA, [V-SAANA 5.77 Vel A 5.03
VR Zawth = 7oA B8 4 Qi ke o], 3] theleEe] mge @A AawL,

THF ALY #AAE, 1000 cd/mEhe IEE, ©3F AT FUSS ol &35ld ojn] 6.18 VY, = A &
AY FYSS o838 HEA 7.10 Ve G HTH(E 8).
%= 9o tigk o:

T 59 digh dlet FARSE A4S 7H POW-2&, olE £W Mo0; v FJICNQT Zeo] &34 FA€ o
go] & WA =g Halatd vk R Srehs mkel fARgE 3k 7RI

i

Uzoels 28 b2 4 ShA S A3 Alelo] WE Pi-2 EAES o3 nasAR 213 4 9ot

HEA obd ZA4L, Judeel 108 P2 £ A, ol5E7 A AReA fAHGE AL ndEY. =
100 T ol7b AARSHE dhek o], 71 W dole=s gla) AFHE Aa Aol WrE FA A5d
o= §7] W olore] EHM6 9 FAGoL 4EATH(o= WEE, p= o|BE, n = Aa} Aelo]

e = 7] A&} (elementary charge)).

= 1100 thsk o

T 7o) gigk ok FARHA FAEY AT F9Fel NPB tlal UETERE 23e W thol o=
a. 50 nm YZt}EF; 40 nm NPB; 40 nm Alg; 0.7 nm LiF; 200 nm Al(99Q €)

b. 50 nm Y}3EC}EF: PDW-2 [10%]; 40 nm NPB; 40 nm Alg; 0.7 nm LiF; 200 nm Al(¥1 €)

10 mA/erd] AF 2RSS A7) g8, EFE AE FUSFS AHgToRA, [-V EAMA ALe 11.6 VoA
8.0 VZ 7+Aadtl, 8Bz A7) tlolere g8L

1290 ik of:
T Aol Zhel o8, 1000 cd/mEHe e =3EH AF FUSFS ol &dhd olu] 10.6 VoA, =HH A
Bo AT FUFS o] &3t HEA 13.9 VoA ZAFTHE 12)
AFE B HAT AF AT, olAAX =L Qe HEE Aer FAH EAA F oA AdME 1y
2] ATk, o3 AxE, U f7] @F thole=s 8 w$ Fodd), 3xo FUIE ofr|Er] u
Folt}, 7| 249 UAE T YAENA AA e AF AT IS e S50 g8 2AHN, o=
A AF 380] o ol Qrtd AA | gFESA &) wiEo|}
oo Algd Edo] OLEDO X 3MH ol oS EW F45-F4 AFS Edets ulE A3 28ld F5 FE
A, gaxozg Bl AF 5 A, dike 2719 FE YAE] BEEH, olgd Ho| AAFTY A

dol 71ft= A 5w .

Bome 7] wed MEDs 228 99 pd ERERA B4 3T of, §7] wEA B4 2 f7) w
4 rholese] B Aot wRe Folrlom oWtk 35 ARE 7] =R $2004 pY =

£ AAAE AR AR BAAA g 2old, & wRe el Am 5 L Shuel 2
o] 23 TP, ol B8] 55 4T WA SHES 4 27L& EBsa, S olgd 54 Lt o
e xqol 1 AAE WSl 55 4T w9 e QS AFHA grehE el
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