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wo] T 4] A3ATe] 4] A3GG] ARG e FANG $E F Ak

71 A3RSLE 7] AA=EY FAA G4 5 Ao

47 AT ) Aol B AARE ) AzAFe 7] AlG D ARG HE gHuct of
g % ek,

271 A=l A7) A1 R o A2g ol v HEHL ] A3HT] 7] A3FHel v HFHEGY of

371 AR ZZL Alg3, t-g2dl B EgH(FA}elo] =29 gu| 23] g u ) (Di-tungsten
tetra(hexahydropyrimidopyrimidine)), Fullerene, Lithium Fluoride (LiF), ADN [9,10-di(2-
naphthyl)anthracene], ¥+ 8-3|=FA|Fwd]=dtE-8H(Liq: 8-Hydroxyquinolinolato-Lithium)& X3+st <=
AT},

A7) A2REZS, NN TN N 8] 2 (9- 3 D -OH- el E-3-) yufo] | d -4 4'~T] o} ¥ (N,N' ~di pheny1-N N ' -
bis(9-phenyl-9H-carbazol-3-y1)biphenyl-4,4'-diamine), N(H#Hd-4-<)9,9-tJ W &-N-(4(9-59-9H-7} 9} Z&-3-
) A d)-9H-=F 2 Al-2-0}71 (N(diphenyl-4-y1)9, 9-dimethy | -N-(4(9-pheny1-9H-carbazol-3-y1)phenyl )-9H-
fluorene-2-amine), 2-(4-(9,10-0 (U2 g@-2-d) StE A -2-d) 7 d )-1-9 I - 1H-wl =~ [D] o] 7| T} = (2- (4~
(9,10-di(naphthalene-2-yl)anthracene-2-y1 )phenyl )-1-phenyl-1H-benzo-[D]imidazole), m-MTDATA [4,4,4-
tris(3-methylphenylphenylamino)triphenylamine]l, a-NPD (N,N'-bis(1-naphthyl)-N,N'-diphenyl[1,1'-
biphenyl]-4,4'-diamine), %+= TPD [ 4,4'-Bis[N-(3-methylphenyl)-N-phenylaminolbiphenyl]S X3t& 4=
AT},

A7) A3REFL, N N'-O3HG-N,N'-1] 2 (9-3 d-9H-7hu}=£-3- ) ulo] Hl d -4, 4'-T] o} (N,N'~dipheny | -N,N' -
bis(9-phenyl-9H-carbazol-3-y1)biphenyl-4,4'-diamine), N(H#Hd-4-2)9,9-tJ W &-N-(4(9-5d-9H-7} 9} Z&-3-
) A d)-9H-=F 2 A-2-0}71 (N(diphenyl-4-y1)9, 9-dimethy | -N-(4(9-pheny1-9H-carbazol-3-y1)phenyl )-9H-
fluorene-2-amine), 2-(4-(9,10-0 (U2 g-2-d) StE A -2-d) 7 d )-1-9 I - 1H-Wl =~ [D] o] 7| T} Z= (2- (4~
(9,10-di(naphthalene-2-yl)anthracene-2-y1)phenyl )-1-phenyl-1H-benzo-[D]imidazole), m-MTDATA [4,4,4-
tris(3-methylphenylphenylamino)triphenylamine]l, a-NPD (N,N'-bis(1l-naphthyl)-N,N'-diphenyl[1,1'-
biphenyl]-4,4'-diamine), %+= TPD [ 4,4'-Bis[N-(3-methylphenyl)-N-phenylaminolbiphenyl]& X3t& 4=

A7) A2AT BAE BE D AT UL FHS NgE TR

ke
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%0
o

=2 0
w5ow JAE= A2dS AsHSS Bl Y vhaa glolk sfEdste] AT 5 Sl
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, A2dF ATl T de] i A2 el FAHA FEF & A AA
o] A2d=+e] HjA AFS ABAA = 5 Yt
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o] Afo]l FZH(25)e] WEHTH. 7] FIH25) e FHEAY A ol fAT 5 At

A7) HE 719 (23) tialel] &= 5ol A S 3
FEE-(2D)E Y7IE2RYH BHsd 5 . 7] 25EE(26)2 HEEgAos e A

FI1ER o]Fo] w3 o FA], Egoln 2}

T AE °, WA ol FAHEE A ofyn, Fyeh uhdl o] dEzolH ofujdt o]

T g
4>
30
il
o
Z
2
1o
i)
o
=)
i
©
2
lo
o
N
e
\eh
4z
<
c
ox
2

zb A A (Pr), ¥4 JA(Pg) 2 A FHA(Ph)L A1FH (3Dl 32 F(311)F w33 J9(312)S zHzt
TFujseh, 2 HA] doflA] o]E 32 Jd9(311)T WF JH9B12)2 AR FHIEA wAEr. 2z dg 49
(312)& A1AF(221) S E&3E= o], A7) AIAF(22D)L 32 4931 A2 FHEA w1k = ).

29 ALGG@DE QAL e Faehs it 9o
w3} st A2 (32)0] YAkt WEA ofo] FHHE
gygEol £ 99 2T 5 AUk,

A7) A299(32) 7 HA), wa 9 A HAS(Pr)(Pe)(Ph) FE SREA THlE Fx dm, 7 44,
A8 A BAS P (P (Pl A A= AASA TR SE ATk 3, skl BaAP)o] 44 7

=4 2 A(Pg) W A FAPH)S EFSHa, o] we] A2 (3 shbe] AAP)F by Fulso] shte)
(32)0] A4 AP, 4 FACPg © G FAPHA BAAES TuE = ek, o] B
FoeE AR (32 VA WAL Ak 9o Azl ABellR2) WA FAES FA + A,

271 A1Fd Bl = A2 =(222)0] wix] =] ST,

Zo] ofur, 12°§°ﬂ(32)°1 ETJr

A7) 2 HAEP)e) Apold A3FA(33)0] AABT. 2T o] A3 3elE AZATF(224)0] AT
o] AFAEeNE = 74 B 5 A%ol, Hom s olabel MA33De] AT 4 Atk o] WAL
© 94 ey A7Hes A48 29 5 ek,

| 2 32 g@G1Del=, = 74 = 5 3l Akek 22 o ERARE(TR)E E3ehs 4 3=

F7F w2 H = v, 7] HA ey el ZAlE kel o] wh=A] shute] whep ERAAE(TR)7F HiA] &
= Aol FAEA vk o] A FEAFol= v ERAXE(TR) 2ok taro] Ht E/IXAE B AR
HAAEZE B 23 5 o olgd ddE 230 &, el 2kQl % Vdd 2kl Sl wiadEel §

2 #
4 5 Ay
F 279l §7] @ 22HEL)7 A, ol

47 7 g GYGIelE, % 704 % 5 Qe sk o], W
W RAEL)E 24 2P vk E X 28 (RS} 417

7138(1) Aol w21 o] GAH AL, o] WHu(211) el ¥t ERALEH(TR)E T3 A4 3= h

A7) W e (211) AollE wkeA] @43 (212)0] AA A

A7 W9 (212 FYst dAER YAHE b, BT 449 HFEE WA WS Fusste s 5
E RAog, o]y3 gt st £ e g3t BAE gA=E £ v, dE 2, A sy 21)e AgE
Gapol=, AR YolEgtel=, A SAUo|Edle|n dRulgEAlel= dEu|FUo|Edle| =, EEHES
Afol= i ElERgyo|Eglo|l= Fo FrlEoly, ZEloluz, ZaldiaHE, o}dd o f7|E X o5
ASAZ P49 4 k. A7) w921 5 FAR/LE ofyn, Fdad mEls FHER 2SR

9.

e oy, At
2F a=0, b=0, ¢>0°]
T

7)
e Agols ALYy

glo]5-(2) Ae <%

<(212)& BAA de2or 449 5 e, wE=A ol ?ﬂﬂlﬂt
& 7-0%[(1n203)a(Ga203)b(Zn0)c&1(a, b, c& 2
FA71E A)d 5 k. olFA WAl S5 (212)S AkEE wEAR
= 990 11)°1W°l FEAErE 95 wobd = Al HaL, ofdl et tx

p
T

%
=
=

471 REEA EAF(212)S RS AlClE AAu(213)0] BHUH(211) Aol F4HaL, Alo]E HAUH(213) el
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on

AolE HA=(214)0] FAAT}.

0

15(214) S H=
&l

7ﬂ°1E dolub(213) Aol 3+ @Au(215)0] A, o] F3 AAuH(215) Al
(216)3} = £

g 77y RieA 245 (212) % 28 25 F8 29d.

B>
I
>~1
JLJ 2

olelg i EAXAH(INE DE% ALARI)e] F4AT. 47 ALdAR(218)e Avio] Husia w
9 EE B3 el @ 4 Q. of AlAATIE F

/“'7] Xﬂl@?ig‘]l—(ZIS) }\]'oﬂ*‘Lf = 301]/‘1 = Zl: 9\)\%01, = -
(EL)o] A1d=(221)0] FAHT. A7) A1d=(221)2 28 A5 H2 595 ofdis Je2 FAHT}.

A7 A1EAEH218) AolE A7) A1AZ(221)9 7HEAEE HEE A28 A9 (219) 0] A
T(219)0ll = AN (219a)7F A E ] A1H=(221) 9 7PEAEE #
(219)2 olz2d, Zom= T frE2 P49 4 Ut}

MT(2192) 8 B3l =% A1AZF(221) Aol= ELEH(220) 0] A= 1 A7) ELEH220)S HEE A243(222)0]
A= f7] #g AA(ELE FA e,

71 ELH(220)& A &2 e 282 f7)%e] ARgE = vk, AEA f719E AMEE Ae, & FYSHIL:
Hole Injection Layer), & 4%4%(HIL: Hole Transport Layer), 2% (EML: Emission Layer), A

(ETL: Electron Transport Layer), Az} F=4=(EIL: Electron Injection Layer) o] @ Z& Eolol 1x
2 Aol FAH4E F Advh. olE AEA F71HE FFAY o FAFE 5 At

A7) A A, w5, A gAnit SHHA FA4HL, & FYS, E 5T, A% 55, 2 44 74
T o FETORA, A, B, HAo Ao FFoz HgH 4 Qrk. E 7oA ELEH220)2 A1FY(31)ql
A e low dEEEe] Sl o, WhEA] o]d @AY= AL ofyar, mRle] mAlEA AR, A7
T FUS. T ET, AR 5T, B AR FUS T TS A2P82) ¥ A3FAB3)NE AT
Att. ol Fwdhs BE AAddd FdsA A8E At

A7) BAEFFYZHIL) S FyZEEAold Fo ZetzAjold 3}3E = AW AE(Starburst)d olHlFQ
TCTA, m-MTDATA, m-MIDAPB S22 A3 4 9r},

A7 AF FEZHIL)S NN'-HA3-wEagd)- NN -tad-[1,1-0] 59 ]-4,4'-t]o} 1 (TPD), N,N'-T](}=
gal-1-2)-N N'-t#dd HlAHd(a-NPD) 502 FAE 4 A},

A7) AA FYP=(EIL)S LiF, NaCl, CsF, Li20, Ba0, Liq 59 E&<& o]gslo] A & Q).

=
283 =EE5A-F =Y UE)LFE (Alg3), 9,10-t](ZE-2-d)tEZA (ADN),
2-Tert-5-€l- 9,10—&(%2%2—%)%53}@1 (TBADN),  4,4'-H]2(2,2-t]dd-odl-1-)ulo]Hld  (DPVBi),
4,4'-9]2(2,2-Y (4-m ) -ol dl-1-d)nlo]#Ad (p-DMDPVBi) G5-©] A& 4 Qo).

A7) ERE EHEE DPABI (4,4'-H]2[4-(Y-p-EYolv| ) 2~E]H]v]sd), ADN (9,10-Y (L2Z-2-9)gE
Al), TBADN (2-HlE-3E-9 10-t](L}ZE-2-d)otEZA) To] AFEdE 4= St}

A7) ANAZ(221) S of=Sm AL F5S Far, A A2AF(222)L AreE AZe] V5S84 ge

o, 28, o5 AIFF(22D) T A27=(222)9 S A= R FHojx FHsirt.

A7) ATAF@2De] s AT 5SS, A7 ARF@2DE Qg5 B :
0203 5% Tastel TR 5 Atk wel w 1A AR()e W) wFow el FAHE 4w 29I
A5 471 A1AF(221)2 Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Yb, Co, Sm = Ca 22 A4
WA RS B E8E A

=

rﬂ Olr

A7 A2AF(222)0] MAE AT 7l5s & AL, V] A2dF(222)2 Ag, Mg, Al, Pt, Pd, Au, Ni, Nd,
Ir, Cr, Li, Yb, Co, Sm =& Ca9 aH0= FA4E 4 Jdvh. Y & 794 dW d3dd A5, A7) A2d=
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(222)2 3% FJr b 7bestes s ofof dth. o5 98, 7] A2 (222)& Mg B/EE Ng $5S ol8st
i ok 7] Al2AS(222) & AAS 2D e 2E FA5 A4 gEE Al <

rU

71 A2H=(222) A FAAE 2A e A4S dkske wF d=ol H7l wiel, A2d=(222)9] WA
Al

o] AAA o] et st dido] LA Hrt
oy st HAE dAsty] fste A7) A2dF(222)7} AVHom AAHEE A3HAF(223)S ¥ e, A7)
A3A=(223)2 Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Yb, Co, Sm Tx Cad #£o =2 dAHE 4 =

o, MEEaE A2A (2223 S BA g4 5 A

L 7ol m=AIE AAdel ofahi, 7] ELH(220)S @A W, Al2d=(222) @A 7] Hell, 7] ELEH220)
H A2AA(219) Hell ANEEF(231)S 4T, o] A1EET(231)2 vp2A(VEA])E o] &te] S27e
2, ALY (31) B ABFA B3Rt FAHHES shar, FAFGHA A2 H(32)0= A BEH

o] AlREF(231)2, 1 9= %*éE]*‘E 24, 5, A2d=(222) dAHsk= w5, 59 Mg /== Negdaol

FAgE + e 24 AsdE

dAadg A7 A1RFEZF(231)2  Alg3, UY-8Hz" HEZHIASlel =2 n =T n|d)  (Di-tungsten
tetra(hexahydropyrimidopyrimidine)), Fullerene, Lithium Fluoride (LiF), ADN [9,10-di(2-

naphthyl)anthracene], =& 8-3|=FA|FA =g =etE-2F(Liq: 8-Hydroxyquinolinolato-Lithium)<S ¥33 4=
AT},

N
o
=
o
2
ol
ol
@

olFA A2FH(32)ell= FAHHA AL A1FH(31) R AZFH(B)olRE FHE =S AP ALz (283D=
5 3 35

4 Tk
7] ELER(220) 2 A28 A=(219) $1o dAsE o, A275(222)S A s},

7 A2 (222)2, & vpaAE o]8ste] A1FG(B1) WA A3FH(33)S EFsE KE HAAF] Ax

A= B8 T8 TR SHAFoRA IQHRS dh o W, A= wheh o], Al2d=(222)2 W
T3 whabgte] & S 9IRS wpuio R A,

o)AMY A2AF FHE FHS, &F vAAE o] 8dte] BE HABd AA gEoR 2T A9, A2dT ¥
g &S A1REF(231) 3 FEZS sl oo

L A2-dA(219) fo FFHET. &, ELEH220)9]
A7) A2AT BAE T2 7] A2EAvh(219) $17) ok, ELE}

5 =3
=T 220)2 '?'/‘4 ]’\__ %Eé“’é‘, _T;::‘l_.aol %__X} ‘_'z_‘ot}
Z(m=A) Yol 22E Ao},

Ol g, A7) A2AST AL F5S AIREE(23]D) J2E & F&o] gy Ay] A2dduk(219) E/EE TE
= Hi” 2 ZZAHA GEE Ftogn A7 A2ATF(222) E 7oA B £ o], AR EF(231) Yolut
P, A28 (32)o] =FH, A2HEAT(219) flol E= ELE(220)& T F8S v ZAHA &
A B =, A7 A2Ad=(222)8) A7) A1Ge(31) L A3F(33)0] ik HAAHLe A A2AF(222)9] A

7] A2g 9 (32) tF HRHRG Aspar, 7] A2d=(222)0] HrHow A H7
2)2 A1GH 81 2 ABLA(B)ol= FAHAR, A2FF(32)0= FEHA A

wepA, He] HEYE v o] &ehA] @Ak 4] A2xd=(222)& &oldtA HEYE

.
-
2 915 ] AZATH10) W/EE FESS AINEZIDO) sl 4] A2 848 wEuel W2
° Pgshe Aol dggsich, At 47 AzidHeIe oaYz, 4] 3EE

olgA FAH A2A=F(222) A199(31)F A3FH(33) Yk, A29dY(32)o= AXHA] XA At

) R A299G(32) A2BZEF(232)S FAh. A7) A2HEF(232)2 1101@(31)01%1
AAE AL, A299(32)0lA] A2-dA(219) Foll = ELEH220) & :r“‘éo}“ TS 2 ¥
2(232)2 A3FF(223)l e FAHHA FEF FEHIEHE FHo] v i),

A7 A2REF(232)L, I AE JAHE B, S, A3HF(223)S A= 5, 53] Mg E/E= Ngdaol
Z HE ¢ e 4S8 AFEske Aol nuEA s,

A7) A2RZE(232)2, N,N'-f#H9d-N,N'-8] 2= (9-8 d-9H- 7P} £-3-< ) ulo] A d-4,4 ' -t] o} (N,N' -diphenyl -
N,N‘—bl5(9—phenyl—9H—carbazol—3—yl)biphenyl—4,4'—diamine), N(HHE-4-¢)9,9-t] W & -N-(4(9-9 9 -9H-7} 1}
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Z-3-9) 9 d)-9H-=F 2 #-2-o}b A (N(diphenyl-4-y1)9,9-dimet hy 1 -N-(4(9-pheny1-9H-carbazol-3-y1 ) phenyl)—
9H-fluorene-2-amine), 2-(4-(9,10-t](=Z&-2-L) A EZA-2-4) 5 d)-1-3 d-1H-WlZ=-[D] o] ] T} (2- (4~
(9,10-di(naphthalene-2-yl)anthracene-2-y1 )phenyl )-1-phenyl-1H-benzo-[D]imidazole), m-MTDATA [4,4,4-
tris(3-methylphenylphenylamino)triphenylamine]l, a-NPD (N,N'-bis(l-naphthyl)-N,N'-diphenyl[1,1'-

biphenyl]-4,4'-diamine), %+ TPD [ 4,4'-Bis[N-(3-methylphenyl)-N-phenylaminolbiphenyl]S ¥3+3}+=

242 949 5 ok,

ol g A2H £F(232) A3H=(223)S AT wiol] mpxe}t e TeS kA At

¢

=, ) AnEE3)S AT Fol, oF vpaaE ofgete] A3AT YA FHS A1GAGD WA A3
A3l AHA FEoR FAE A%, A1GAGDI A2 (32)0lE A2R2Z(232)0] FAH] 7] o]
gol, AAH2 e A1AA (D A2 AN & A g, Az DA 5

o] A3H=(223) A2d=F(222) Kl FAA FAA3= dl, olo wEl FEAYE drvlske Al2d=(222)9 A

AAY A7) AAele] A, FEo WA A2AT(222)3 AJATF(223) € Mol i glolw e e
: I 9, AR S222)3 AZAT(223)0] T3} ol gl A2 (32l Y
3

AT ALLETEIVE, 7 A 4 5 g WS WeTEOl T ATD S A= $2E AeRn G
e, ALEF3D)] FYRNA g JG % Fo] AL Folubvk Y & quk,

Ao, ALEZOING AIFAGD L AIAGA 42 xﬂzog%moﬂ«t— Y454 ge Ay, A%
= 7o) whe A o] 9F vhaAE o)&d A2ATE TS A1G (3L

wa_, A2AF(222) € = 8lA F 5 A%l A1 (3D WA A3

A=(222) & A2Q@(82) A FE(222b) 9] FA(12)= A2H

A

HAe i (222a)9] FA(t1) Bo vl$- oFA o).
T3, A28 Z2E(232)0], I R T4, 53] Mg Z/EE Mggaol & HeH7] oy 248 AMgdta sy
B, A2RFF(232) JARE FEo] L& ojyn F2E 4 ),

whEba] A2BZ2Z5(232)0] A199(31) 2 A2P A (32)0] FAgH L A3GG(B)edl= FYHA R A, A&
T 7o i AAle} o] 9F mpaAE o] &3 A3HFE FE5S A1Y9(31) WA A3F G (
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