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ol Bl 7t ARE 9 FA LA e} 4] FEe Folx
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QU Ags. oS BW. 44 78 h2edsl gelese WAY 4+ o, A% HW Gall,
(COOH, =3] CFH,CO0H 2 CCLH,COOH(o] m x= 0 ulx| 3¢ A<oln], Hale &= 942 Jehd),
(CRy,Rs.R)COOHOI ™, o] @ Ry, Ry, Ry 7t7b 9471, o) wpgbeabl= 0, viel, oe, x2d, o422y, n-
9, sec i, tert-FE R owlEAt, T of5e] Agkd A (o, p, Wz=2k, o,p,m-Alobieul
24, UEzHEY, 23EAY RRAeR BahE ¢UE e TUNRY, 9ol b 13 o) A
A

= == 2
W =AY AR Batd dr|E ke dEwEdt, dedrtEdit S)d 5 v

UgAslE, B oage we A8E 345 FBEe AR Fuebl JEE & e A5 ushit. A
F& FBEL A7 ke AHAY WEGs 225 2e e 4B AT 4 A AL ejuad.

PDW-29] A7k os] PAH o ® o]stet o] A 4= 9l

) Fo= oidsd 4719 23 PREES 23T XZA FE5-F5¢ Oid o3t 2o EEETh:
4 X 4e = Yr=9] 16719 AAE

1 X 2e = Rh-Rh A}olo] 1v] ZA3e] 2719 ARE

2 X 9e = ZHY 18719 HAAE

e el Azl R A sk YR A, F GRS EE, ] F 308 A BU9

6% w5 a5-v549 A, =, o, 2X 1, IX§-A%E 74

7EH w4 555530 2, F oo, 2X 1w, 1X§-AF, 1x 5+ 7MY

8F v w&-v&520 2, F o, 2X1n, IX§-AF, 1x 6%, 1Xnx& 714
9% w5 #5551 2, F o, 2X 1w, IX§-AF, 1xX 6%, 2Xnx& 714

7] viEg 2 BEdRs BE d9bd AF hA vEg xEo] H3tsld], o & W, NPB;, UZUEL

N,N'-B] A (GZgdl-1-2)-N N'-8] 2= (#Hd) - X D (N,N'-Bis(naphthalen-1-y1)-N,N'-bis(phenyl )-benzidine) ;
N,N'-B] A (GzZgdl-2-2)-N N'-8] 2= (#Hd) - X D (N,N'-Bis(naphthalen-2-y1)-N,N'-bis(phenyl )-benzidine) ;
N,N'-B] 2= 3-#HE#Hd)-N,N'-v] 2= (#Hd)-H= D (N,N'-Bis(3-methylphenyl )-N,N'-bis(phenyl )-benzidine);

N, N'-H] 2 (3-d & d)-N,N'-0] 2 (#H<)-9,9'-AF ZH]ZF 0 A (N,N'-Bis(3-methylphenyl)-N,N'-bis(phenyl)-
9,9-spirobifluorene);

N,N'-B] A (G gdl-1-2)-N N'-8] 2= (#Hd)-9,9-23] 28] ZF 2 A (N,N'-Bis(naphthalen-1-y1)-N,N'-
bis(phenyl)-9,9-spirobifluorene);

NN'-H 2 (E-mE#HD)-N, N -1 2= (3#Hd)-9,9-H W2 &F 2 A (N, N'-Bis(3-methylphenyl)-N,N'-bis(phenyl)-9,9-
dimethyl-fluorene);

N, N'-H] =~ (3-YZehdl-1-9)-N, N'-1] = (Hd)-9,9-vI & -ZF 2 A (N,N' -Bis(3-naphthalen-1-y1)-N,N'-
bis(phenyl)-9,9-dimethyl-fluorene);
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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-YZedl-1-9)-N, N'-H] = (Hd)-9,9-v A d-=F 2 A (N,N' -Bis(3-naphthalen-1-y1)-N,N'-
bis(phenyl)-9,9-diphenyl-fluorene);
2,2",7,7"-HEH7] (N N-Ha Dot 12)-9,9' -2 9 ZH| ZF2.7(2,2" 7,7 -Tetrakis(N,N-diphenylamino)-

9,9'-spirobifluorene);

9,9-H] 2 [4-(N,N-1] 2-v]#| d-4-L-o}v] =) | d | -9H-ZF 2. & (9, 9-Bis[4-(N,N-bis-biphenyl-4-y1-
amino)phenyl]-9H-f luorene) ;

9,9-H] 2= [4-(N N-B] 2}z ghall-2-d-o}u| =) H J |-9H-ZF 2 @l (9, 9-Bis[4-(N,N-bis—naphthalen-2-y1-
amino)phenyl]-9H-f luorene) ;

9,9-¥]2=[4-(N,N'-H]| 2-y 2 &dl-2-U-N N'-H] 2-H d-o}n]| =) -3 d | -9H-ZF 2. A (9,9-Bis[4-(N,N'-bis-
naphthalen—-2-y1-N,N'-bis-phenyl-amino)-pheny! ]-9H-f luorene);

2,2",7, 7 -HEGAN A[(N-IZ e d (3 d) -0 =]-9,9-23 28] ZF 2 #(2,2',7,7' -Tetrakis[ (N-
naphthaleny! (phenyl)-amino]-9,9-spirobifluorene);

N,N'-H] 2 (HGEA-9-2)-N N'-H] = (HAd)-MA D (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 Q0 @l (2,7-Bis[N,N-bis(9,9-spiro-
bifluorene—2-yl)-amino]-9,9-spirobifluorene);

2,2' -0 2~ [N,N-H] =~ (8] A d-4-¥ ) o} = ]-9, 9-~ T Z U] ZFQ AW (2,2 -Bis[N,N-bis(biphenyl-4-y1)amino]-9,9-
spirobifluorene);

2,2'-A)] 2 (N N-t]-g d-o}n] = )-9 9-~3] U] ZF 2 &l (2,2'-Bis(N,N-di-phenyl-amino)-9,9-spirobifluorene);
ek g Alopd-t2] 2HE-(Phthalocyanine-Coppercomplex) ;

4,4" 4" -E2=(N-3-vd A d-N-gld-o}v| =) Eg] o Do}l (4,4" 4" '~Tris(N-3-methylpheny-N-phenyl-
amino)triphenylamine);

4,4" 4" -EFA(N-(2-Yy=Z8)-N-#Hd-oln =) EglHdol1(4,4" 4" '-Tris(N-(2-naphthyl )-N-phenyl-

amino)triphenylamine);

4,4" 4" -E2N-(1-UZ8)-N-#ld-olr = ) Eg sl do}rl(4,4" 4" '~Tris(N-(1-naphthyl )-N-pheny1-
amino)triphenylamine);
4,4" 4" -EZ 22N, N-tHd-olr| =) EgHdo}l(4,4" 4" '-Tris(N,N-diphenyl-amino)triphenylamine); ElElg

L2 a}o)l= ZEFE Ao} (Titanium oxide phthalocyanine);

2,3, 5,6~HEHZFE02-7,7,8,8 -HEHA o} =-F =] EH(2,3,5,6-Tetraf luoro-7,7,8,8,-tetracyano-

quinodimethane);

) HGA x=[2,3-f][1, 10]HFEZSE-2 3-t]7} =2 YEH (Pyrazino[2,3-f][1, 10]phenanthrolone-2,3-
dicarbonitrile);

NN, N' N'-HEZI) 24-HEA A D )HA I (N,N,N' N'-Tetrakis(4-methoxyphenyl)benzidine);

2,7-8] =[N, N-H] 2 (4-H| EA]-H D ) o}H] = ]-9,9- A 2 U] ZF 0 @l (2, 7-Bis[N,N-bis(4-methoxy—-phenyl)amino]-
9,9-spirobifluorene);

2,2' =B 2N N-H]| 2 (4-HEA]-dd )o}u] = ]-9,9-2 3] 2] ZF 2 A (2,2'-Bis[N,N-bis(4-methoxy-phenyl)amino] -
9,9-spirobifluorene);

1,3-H] 2= (72 8E-9-2) WAl (1, 3-Bis(carbazol-9-y1)benzene) ;
1,3,5-E8 A (FF2nuFE-9-4)WlAl(1,3,5-Tris(carbazol-9-yl)benzene) ;

x4, 4" 4" -EFA(FE¥E-9-A)Eg Ao}l (4,4' 4" '-Tris(carbazol-9-yl)triphenylamine);
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4,4'-0) 2~ (FFENZE-9-A)H])HA D (4,4 -Bis(carbazol-9-y1)biphenyl);
4,4'-8) 2~ (9-7t2utEe)-2 2" -t e -v])#H d (4,4 -Bis(9-carbazolyl)-2,2'-dimethyl-biphenyl);
2,7-H] 2 (F+2¥E-9-9)-9,9-T W e ZF ¢ A (2, 7-Bis(carbazol-9-y1)-9,9-dimentylf luorene) 2

2,2" 7,7 -HEZIN2(FI28}E-9-9)-9,9' -2F ZH] ZFF 2. (2,2',7,7" -Tetrakis(carbazol-9-y1)-9,9'~
spirobifluorene)°] 9}

ARE B3 AT AF A, oJAA =BE ] AFRE e T J o=
A AT, olHF HAE dHE /7 ] 13 tole s s wg- Tagd], 3= 73t
woltt. 7|¢ 249 dAE e HaAsdA A Fde AR A 928 st S5 5
o AF 550l A7k AAC o o «]to}ﬂ 7] wito]th.

o 7|43 A¥F} FAEA, BA 713E =8 PDW-22 A3 ehA] NPB(=H]2=-N,N,N' N'-(V=g-3d)9
Ao £33t = 5o EAlEH EAHNELS 0%, 1%, 5%, 10% =3 = 100% PDW2el g 4 zjo|ct,

BolAel u Z#EE) 550 - 600 nme] WS 71 UV A E=”A] pPDW2e] 9% NPB EF LS =A%)
)

© 25 % 5ol ta] A7l A1%H ool =AY F59) xEFues 29ERS wAST 342 m
o Vel oal Fol of71HW, NPBFO o] A&H o gadth v mEe s AxeA, PDI2E
3

T 7ol tiE o

IT0(RlE 54 Atske = dF =39 st 4) d 7135 ol &3t olste TE&
7] g ol Es AR (Al = EFwEL LS| ESAF =Y ClE, Lif = E—?—iéi‘rﬂl%).

a. 50 nm NPB; 40 nm NPB; 40 nm Alqg; 0.7 nm LiF; 200 nm Al(zHYX €4)
b. 50 nm NPB: PDW-2 [10%]; 40 nm NPB; 40 nm Alqg; 0.7 nm LiF; 200 nm Al(¥] 1)

10 mA/ere] A7 DS A7) A8, =38 FE FAdTS AT e2N, [-V-544d0lA 5.77 Vol 42 5.03
V2 gttt = 7oA SQld = 9l mkek o], 4] teolere] aae dAs JdEn

TF ALY AA=E, 1000 cd/mEHE =T, B8E AY FUSS olL8std on 6.18 VY W], = FHA] &2
e FASE ol g8t H=A 7.10 VY W 2AEET(E 8)
L 99 gt 4:

o that oo} AR TS 717 PDF-2%, d& =W MoO; =+ F,IONQ o] #3le] FX¥ & =HE

Fo 2 WAMe) EAE MuTe R R FUsE ek fARE BE 7hn

vrnereh 42 o2 Ay dAlEClA A Aol i PDW-2 =HEC] o8 vy R S74E ¢ g

BEH GH HRe, kel 106 P2 B9 A, ol$E7t A d4a g8t AL nelEd. =
106] e l7b Ak Hhsk gol, f7] W thel o= Sl AlFHE sk Aol WEE FAA 4
W, ol §7] WY teless B4 e FHMOR A8FH o= AEE, u= oJFE, n = A3 A
_/’:

, e = 7|2 H3}l(elementary charge)).

= 79 At oo} FASHAl FAAEE A FESl NPB tial X THERE X33 3y toje =,
a. 50 nm YXt}EF; 40 nm NPB; 40 nm Alg; 0.7 nm LiF; 200 nm Al €)
b. 50 nm Y=t}e}: PDW-2 [10%]; 40 nm NPB; 40 nm Alg; 0.7 nm LiF; 200 nm Al(¥] <)

10 mA/cre] AF 2

12}
k1
flj
ne
N
)
:?1:,4'
)

N

98 TdTe ARSFoRA, [V SAMCNA Ak 11.6 VellA
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