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(64) 771 EF 2SS o] ZA

(57) 8.oF

2t e Fafol v FAE f7] g gaEdoe] FAE flshe], 7w, 7] 71 Aol vl X ® Al 1=, A
A1 Sl dgetes 37] A 1A Aol X E A2 =3}, 7] A1A=F3 247] A2 Apolo] AE Hojw
BSe X¥she TS ek, A7) A2 5L B9 976 A A(cylindrical shell) 2] #FHES 2=
7] ¥hsg g A Z o] A= AlFdth
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A7) A2+ Bl A7)1% A& (cylindrical shell) d4He] #5155 2= F7) 234 g 229 o] &,

3T 2.

A1l e A,

A1l de] A,

7] A LR g Bl 971% A4 9] BERSo] Tl A7) A2ATS Be 9N AEHE A
& 5A o sk 7] B v aZdo] 4

T34
A1l 9hel A,

A7) ATAFE WALy BAR FHEE AS SO S f7] Wy vl aEee] 3A,
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AT 5.
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AT

A1l 3he] A,

4 4
wrg o] FAT A
939 25

We] et 714 % 1 Fobe] Fo7%
woyge 7] 4y UaEee] gAd Hit Ao, o A Fake] % B §7) 4 vlaEd o] B
o 2t Alolth.
F71 g Tl aEeo] AAE §7) WY 2AE 2 HaE el U aZee] 4X 2, Aokl Wil FEGAET
S A ol e} SHE L MEths P /AT oM Al 2 de] FH =M FEwa k.
eI f7] WY Eello] A QojA H A FHE A AL ORE £ FEES B Qo) o] F 9
sho] thapat A7} gt
NG AEE FolA, FiF AGS Fol WEE G Ed AT P dAeE AL besl AR wE o §3 2
b uabel ZRstol ukshel, ek wie Y] L Augaste] FHe AH A of B, Fi AL o3¢
A #EE FAA717) el A7) %ol Ak ek
Q¥ F7)E5FH P4-1922905 0 &= F/ELLAZL A Q= T4 V9] 95 EWo] FIELLA S BE 1A
T o1 F)E A AFE S hol AR ARG Bao) AN @ FAELFA} AN R Ak, Fo] AEFFS 249
gz A shol 1 gl e] AEE F7HAI71E Rolth. el ELAATL Mgo]7] g | ELAAbeh
FE A 72 olge] 718 AR vhol AR WEE o] §8 B ol Y FEA e 03¢ SAbE = ELYo] BAH 0%
710, ESF QY ELaA] o5 gute] FR o2 e Ao ARk Astek BAlHo] Agieh
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o] 4715 A A (cylindrical shell) 49 #FHES 2= 7] TF gaE o] FAE A F ).

olei g ¥ el ke B0 oahul, Bl o) 171% WA Gape] BERSol FulE A AZAGE B B Wy
B HEHE Aem e 9l

HaZe o] FAjol R 5= A2 =& A o2 mA Sk ARA oY,
g g agee] AAbE NEAH o R s T kol

£19 528 FRSY, B 0y A AAde] g §7] g v xS o] g 718100)3, A7) 71 9H100) Ao
| 221302 TR §7] B 22180 AL FA3DI, ALAFTA3DA haahs A2
(1307}, AVAFA3DI A2AF(134) Abelo] AAH F2H5(133)2 Frldch. 214317 A2 F(134) Abe] ]

A1HAF(13D2 o= A=59 75& o, Al2d=(130)2 ANAE AF9 76 gttt =8, o] Alld=(131)°] 74
= AT 715% s A2AF(A3D0] o= AF] /5 & % Q5 U WYo] bs e BEoluh

AIA=FA3DS FH &4 = AV 242 2 5 ok =, $35(133) 0 T9hd 35(1333)0 4 2 H
o A2 =(134)= TR -2 HEH = 5ol BFS (1333004 2B HE 3 T A1-A=(13D WFoez NP3
Fa ATE=A3DNA w = HEHES o

P44 vk 2y EEE(1333) 014 A

A1A=(13D0] T E- 2 FulE Woll = 1TO, 120, Zn0 EE In,0,%2 7018 4 gL, viabg B2 & s wol =
Ag, Mg, AL Pt, Pd, Au, Ni, Nd, Ir, Cr % o] 59 338 T o2 J49 vhAteta), 71 9]¢ ITO, 120, ZnO %+ In,0,4 2

g 7 P AT 5 vk

o
K

A2d=130)2 T A5 e v5Y d50=2 Fujd §= Qv 5, £ A4 = 43 T

$-, T35 (133) 0l 8w 2H33(1333)00 A 2 H Fo] A2dF(134)S T8 9 F2 HEH = Fx29 57 &3 g
Zgo] Ax|olt}. o]k A|2-=(134)2 Li, Ca, LiF/Ca, LiF/Al Al, Mg 2 o]£9] 3l3t2 2 JAH 3}, 71 459
ITO, 120, ZnO %+= In,05 59 FHE 2d 2 J4d B doly A A= 2kels 7 5 vk
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A1 % %(131)41112 1=-(134) Atelol 71 )

= g3 (1333)5 HlskEd], 1 ¢
o= vt & THIE F At oY T F

FE(133) A% vhsh o] Hojw
2 ¥} 4718 ulE 5 9l

5 (
H5(133)2 A A ==

AEA F-71 58S AFES A= = 20 =AE AF 2ol ¥ Y5 (HIL: hole injection layer, 1331), ¥ %%
(HTL: hole transport layer, 1332), 2333 (EML: emissive laye , 1333), AAF =45 (ETL: electron transport layer,
1334) == AA} F+=Y=(EIL: electron injection layer, 1335) 5 70| &= oW ALg 7}53t 7] A5 % -2
T e Z Aol d(CuPc: copper phthalocyanine), N,N-t] (U= &dl-1-Y)- NN' ¥ d-wA 9 (N,N'-Di(haphthalene-
1-y1)-N,N'-diphenyl-benzidine: NPB) , Eg] ~-8-3lo| =2 A A uH <¢F 15 (tris-8-hydroxyquinoline aluminum)

(Alg3) &= Y|&3l st 48 7153t o5 AAt f7182 }iﬂ%% o] &3 TSz s WHow JAFE 5
At

AEA F7ES AES A= U] AE 55HTL) 2 2 3S(EMLDoE FHH 25 712 4= 1o, o] o A
T FEZ0 7 PEDOTE AFR38la, @330 7 PPV(Poly-Phenylenevinylene) Al @ Z#Z 2 9 dl(Polyfluorene) Al %
IEA {FIEAS AL S 9l

Ak vpe) o] 77] g g aEdo] Aol lojA] &—TLQ% AP AHdEoRTE & %E%% 93 Aol

A dof W2 f77] &g xSy o] AR AL A2d=(134) 419 #EF-(134a)E0°] T4

(1342)= 971% A2 (cylindrical shell) #4e] BEH o]t} o]9} & ‘_rLZ:% FHslo 2 FHF
(1333)ell A BB E F 5 A2Hd=(130)<= 3l o F-2 FA=He Fo vas 59 7 o1, o=
t 9

AZIA ALt 7] g t Aol AAl dullM 9 flmE A 5

5= zﬂz A(134)0 9715 A4 Fde] #85F(134a)7 obd 975 FH Y #S5F7 FoHESs & 5 qvh 28y
A71%E Feo] HEH7F 2 ARk 47 1% A4 dee] BERI REHES & HS- TUE 27 St A f7] 2
FuaZdo] X9 Aol e F vt ) H o g,

7] E 1€ % 20 BAE TEE 2 A0 B REaE §7] B vaFao] 2Ae FEET vado] e f7)
W T aEeo] 27be HE &S wmehs Holr, & 3¢ o % vpehdl e xelth Z, 817] # 12 A2AF(134)] 9
1% A4 Al BELA7E T A0 ik A5 D15 Biel HERA 1D Ao Fohag
1. Eolrd, 12 3¢ o & Lhehdl Tel o]k 5] 1) A3t % 3ol 2oz Aol HAE ol ol
510mm U] 630mme] 25010, /15 A4 94 HER D 0715 9 DER 2F 600mme] FAE Fe A5
olw) 9715 72 W4 BERe] 45 BER 9)F WAL 1000mo] T S WAL 50nme e, 9715 B4 BELE

71 97 o] 100nme] it}

(& 1]

IH& (um) IS ZE g4 IS & SIS HI(%)
0.610 0.711322401 0.653953948 108.7725525
0.611 0.706117298 0.602918359 117.1165695
0.612 0.695879901 0.527944010 131.8094131
0.613 0.676698491 0.448116094 151.0096380
0.614 0.642856034 0.404430162 158.9535337
0.615 0.590726776 0.410821602 143.7915567
0.616 0.532040766 0.443215268 120.0411636
0.617 0.498329022 0.478764041 104.0865603
0.618 0.503853535 0.508642472 99.05848663
0.619 0.530552530 0.531507250 99.82037492
0.620 0.559828523 0.548244883 102. 1128588
0.621 0.584664278 0.560014456 104.4016402
0.622 0.604208721 0.567734860 106.4244532
0.623 0.619351054 0.572019478 108.2744693
0.624 0.631148119 0.573220351 110.1056720
0.625 0.640451117 0.571491626 112.0665794
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0.626 0.647880438 0.566865062 114.2918274
0.627 0.653874386 0.559367185 116.8953781
0.628 0.658739673 0.549239528 119.9366833
0.629 0.662689651 0.537348064 123.3259587
0.630 0.665870679 0.525809679 126.6372045

=
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[H
ﬂmU
OJ gNl
PN

ahdl, A2 F (13090 9715 FAe] e F7F TrlE A 47)F ’é*‘
oAl 2 Fol 9%& AEH = Fol 0 Atk A& & 5 Ak ol

333) =
Wel 1% A Bl B el 49 Bk B9 49l A-2 cut-of 7t 1o Tural-o

‘||
N
Jﬁo
o

37] ¥ 2% E 20) BAE F2E 2 HAe 4S WEde f7] B vaEde] 2] FEE vl wE £
W v sz o] 4224 FREES HAEE FolH, X 4 o] S UEhd T ol &, 817] ¥ 2+ A24F(134)90 9
7% AE B BeR(134a)7t e 3

%°$ﬂ%ﬂxwﬁ%m%ﬂ%‘%ﬂ&%$}?ﬂ B5-° FHES
Hlagh 3z o)m, & 4+ o] & YEbd e Zolt) §l7] & 9 Faol A EAE Fe] 5ol
520nm =] 540nme] 7o, H7]s Ad F #eF 2 AVs A S BT 6 00nme] 715 zt= 7 9ot}
olu] 97]F AA FA HEHo A AFH 25 vH L 100nme] il Y F ¥4 50nmA o, 975 A dEF=
21 W4 o] 100nme] it}

(% 2]

IH& (um) IS ZE g4 IS &t SIS HI(%)
0.520 0.655181443 0.348984511 187.7394044
0.521 0.661364882 0.349675440 189.136784
0.522 0.666432839 0.350356883 190.2154264
0.523 0.670503930 0.351027044 191.0120434
0.524 0.673712655 0.351684356 191.5674220
0.525 0.676189534 0.352327473 191.9207517
0.526 0.678052239 0.352955260 192.1071354
0.527 0.679402723 0.353566783 192.1568303
0.528 0.680327372 0.354161296 192.0953475
0.529 0.680898466 0.354738226 191.9439226
0.530 0.681176091 0.355297158 191.7201072
0.531 0.681210068 0.355837822 191.4383539
0.532 0.681041693 0.356360077 191.1105469
0.533 0.680705249 0.356863901 190.7464574
0.534 0.680229266 0.357349370 190.3541248
0.535 0.679637566 0.357816653 189.9401721
0.536 0.678950108 0.358265994 189.5100625
0.537 0.678183683 0.358697704 189.0683088
0.538 0.677352471 0.359112152 188.6186439
0.539 0.676468496 0.359509750 188.1641585
0.540 0.675541997 0.359890951 187.7074137

47 % 2 WYF(1333) 4 BAE Fol HA9] F9 3ol £ A2AFU3D A7 F ¥
o) s e Auc 215 44 Qgel HEoh FE A3 IS0 WA B0 o A
© ool o Atk AS X 5 Ak ol WIIF FA BER FSu AVF A Gy BER FS B
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sgo] 3hge] -2 = (cut-off) 7} §ho] TJJr‘j/kO] 7)Ao m F7ket7] wiolth 53] o] 45 A B gl EHO}O#
A7 AA Fo] #EF7F Mo A W97F Fde BEEIF A E A2 2ulol 77k FES BTl 3l
=S ¢ 5 Uk
sh7] 32 & 20 TAlE FERE e A B3-S WESHE f§7] B3 YaFeo] x| Fa &) nlaldol 71
g g aZ o] 2xke] FaES st ¥olH, & 5 o8 Yk e Zo|t), &, §17] & 32 Al2% —:#(134)01] o
715 AA FAe] #EF(134a)7F 7Rl E Ao FaE, A2d STl 9U]s P eI E A9 FHES
H ek FolH £ 55 o] & vebd gz ojt) 1] % 39 A3 W w59 TP E= whgSo A Ay E go] mlAto)
460nm WA 479nm<sl 4 -9-°o1H, 9715 Ad FF H5H 2 971F 4 AE5H 5 600nme] F71E 2= 9ot
ol 97 AR g AEH2 A #EH 2F ¥4 100nmoe] L HF ¥HEd 2 50nmy o, 917 % 3 A5 5=
71 vk o] 100nme] 3 th.
[£ 3]
OhE (pm) s 2E 4 s & SUE HI (%)

0.460 0.732356841 0.634581655 115.4078178

0.461 0.732312649 0.631437508 115.9754750

0.462 0.731802651 0.627784220 116.5691376

0.463 0.730743074 0.623733292 117. 1563365

0.464 0.729035041 0.619551908 117.6713414

0.465 0.726569202 0.615764435 117.9946683

0.466 0.723243521 0.613266129 117.9330614

0.467 0.719011921 0.613363734 117.2243942

0.468 0.713998519 0.617557600 115.6165058

0.469 0.708728741 0.626884072 113.0557902

0.470 0.704489602 0.641019561 109.9014204

0.471 0.703572787 0.657960792 106.9323273

0.472 0.708606302 0.674885476 104.9965256

0.473 0.720406259 0.689516514 104.4799137

0.474 0.736356617 0.700812222 105.0718858

0.475 0.752196308 0.708769039 106. 1271398

0.476 0.765096849 0.713901866 107.1711514

0.477 0.774410811 0.716844845 108.0304638

0.478 0.780678115 0.718159753 108.7053558

0.479 0.784704572 0.718281350 109.2475214
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52 o] 9ok A2- (1340 97]1% AA P HER(134a)7} A A7), A E 2Alolm = A& Lo Eg
O EZ YA =T & = 9tk Yot A2 5(134)2] dH-o ATl D A, 1 AT A AT LS
EAZ A2AF(34)9] 9715 A4 I #EH(134a)7 APAEE & F= o, T A4 T3 g2 7147 A9

A7 HES S 5 e T s wyo] e EE2olt

ol e BHL A2WF(134)S o] F= 24 FAFo] Aol B2 A, T35 (1333)0 - 2 E Fo] Al24=(134)
S Edto] 9B R HEHE AL golah sttt AF A o R E A2dT(134)0] FHERT e FAES v BAE ¢
TH(134a)E Ao 2A, 1 ad4E v FugAd 4 A

E 62 e EUE A AAde mhE #7] 3 vaddo] FAE A o ® EAshE d ot

Azt AAjoel] W 7] 23 gazeo] Aol = 7] g 2abe] ks AAskglE vk = 6ol mAIE vhet
2ol 7t shamit} Aol & shte] vhut ER@A A (TFTIZF 714 02 A48 5% 758 77 23 tl=Fde] 49
7 - A

B2 B FRAES 614 ¥ 5 A wsh T ol shhe]

shul £ 97 2E(TFT)E 71 @0k & 62

2 [

Fsh, 719H(100) Aol Dol et Si0, B0z WnFEA)e] GHE 9, 1 AR uheh E @K 2E (TFT)
b FHl Y BE 6ol A H 9 FRe] uhet EAX 287k BAE Rolu], 11 9] o) thpet Fxe] uhuh 2] 2
b FE Qee BRolL,

Aol AH12D)3}, 222 A= 0 =elel AF(123)7, WEAZ(127)7 Aol E eAuh(125) o5k uhuk S a2~
E|(TFT)8] A7 2 S0, 502 o] 5o 7l 5] A|u]o] AEH(128)0] 843 ¥ 51, 4| o] A EH(128)°] 3ol &= o}, %)
oW = ol oI shag ol vh(129)e] FHH o] e, AW o] HEH(128) S WPk E A 2E & BB s WE e 4 8e
g 4E Qa7 ANS B et 93 3 5

T3 NS EROE EAISHA S SRR, W B 2Eo Mol w dhike] AdAE /L A4 = vk e, of
29wt A AE B EHehs H2E e & G 2AH oo] 45 AL o, v}o FA MY G BE
ot}

A, 22 AT L 2 AF(123) F o= shibol AEF A3 LS TR §7] 0 2213007 AA L,

1%%‘—&%(133)3 ol 3t
53

A1-A=(131)2 7} i -
SloiA dAl 2 FHd 5= ek

ek FA(m =ADel o)) EE-Hh A= 71 2(100) 3 FL A FEks
2l =, Hg M (metal cap) % 2

Aol ol A2 F(134)0] A& v} 2 TEE RES FozM, Luo] v
N RE7t Be 7] wg U ag o] 4E 1AL & k.

el o] A4 60 A3 Sk ol A2AFUIE $Ae] (P3haeol 9o a2 B v, of ul 6o
EAE ek ol A2AT(1309] 2t Pahad] Bk RRAW 2715 AAY WEHA FHHES T 2w A3, 24
o) B = 7] A vhsh ol A2AT(134)) ARe] AA FHHEE F S Gl 5 e Wo] AU B
goln},

o) w3}
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