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spiro-TAD(2,2',7,7'-tetrakis(N,N-dimethylamino)-9,9-spirof luorene) = MTDATA(4,4",4-Tris(N-3-

8

=

S
E PN
S TS
=]
=
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2

methylphenyl-N-phenyl-amino)-triphenylamine)% ©]= Sl Z o]FojZA 4= glom oo A|eE A =1},

¢

471 Al 2 29(300) W Al 2 e FEFGI0E FaEd Al 1 4y 555022003 $E AEY 5 o, Al
5

1 4% £43(220% 598 4T 5% 152

g, Al 2 29(300) W AR FUAF(340)2> Al 2 A5(120) S =FE AAE FAWAL, olF 7] Al 2 AA
F53(330)0 A},

agm, Al 2 AR FEF630)S TEEe AAE A 2 f7) $EF620)02 ALAT. A 2 A FHF
(330)2 A 7% EHZ TP, Solest HoRN(SF, AAE go=EA) WrgsH o ks E &
Aol e 2 ko] 28 Y (heterocyclic ring)S F33Fo2M | Hetero Yol oJal go]&3l5 7)ol go|3 =

Ad F g}, 4= 59, A 1 A& F£F EZL, Alg3(tris(8-hydroxyquinolino)aluminium), Liq(8-
hydroxyquinolinolato-lithium), PBD(2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole), TAZ(3-
(4-biphenyl )4-phenyl-5-tert-butylphenyl-1,2,4-triazole), spiro-PBD, el BAlg(bis(2-methyl-8-

quinolinolate)-4-(phenylphenolato)aluminium), SAlq, TPBi(2,2',2-(1,3,5-benzinetriyl)-tris(1-phenyl-1-
H-benzimidazole), ZA}t]olZE(oxadiazole) FEA|, E#olE(triazole) F%24], HWFEE#(phenanthroline)
F=A, MESAE(benzoxazole) %24 L& WZE|o}F(benzthiazole) F=x] & o= sy oS X gt
T en, oo Aty A k=t

A, A 2 AR FEFE0)E B4e AR 25 TATe] T@H] TAW & ATk B A% 44 2AE

e 77 BE que SAsh A4 5538000 A %S dus @k B A4 5 4ol

A2 AR £5FE3000 ZTRANS W, o5 AR B FAF 4AL AAUARE 7] B 4Be S5
Qs

71 skl o e AR bE F .

3 %71 A1 AR FES(240)2 FEd Al 2 AR FESE30)H sd 2dd e, mEkA, L 7

L,%ﬂxﬂlcﬂwmﬂ+m2 E1(300) Atolell=, WA AAF(150)0] x| ®rh. 47] Wst WA F(150)
£ 47 Al 1 B0 A 2 sRE00E AskE Fitd. gel weel, sk WSS A 1 29

Easl @q.aa/%wﬂwm°Nﬁ;m¢%HOW—
GL) (151) 7 P s AAZ=(P-CGL)(152)S XL a}alo @ m 2 39§ o oo AFEXA

Qa, T o AWE PRA %n vdFow

o,
ol

_{

o

=z

oy for o
3
ool
:(o
N
o
t

A5 FAg. N dep AT (151)2> N =%
A FUIER A Al 1S B oA 2 o] w55
= =¢Ed F U, dE %0% NE =HE B4 4y 35
o= s & v é, N et AETe HELD), HEFENa), 25K, = AlECs)

EZ%K(Sr), AHE(Ba), =& E]-H(Ra)ﬂr Fo ob7tE] EgLow =39

o L
Fold %lxl‘j&, °]°ﬂ AgE A gevh. Ng E2E B2, dAE A

1
=

x& }H (i,
o fr m

w2 RN %2
o ¥ ol o . N
o T 1 poh ok
g 12

it
o,

I
t
¢
=)
1
g;
2
% ;

g s =2, o

NN T
Wt do rlo TOOL Y

N
i

S0, Alq3(tris(8-hydroxyquinolino)aluminium), Liq(8-hydroxyquinolinolato-1lithium), PBD(2- (4~
biphenylyl)-5-(4-tert-butylphenyl)-1,3,4oxadiazole), TAZ(3-(4-biphenyl)4-phenyl-5-tert-butylphenyl-
1,2,4-triazole), spiro-PBD, % BAlq(bis(2-methyl-8-quinolinolate)-4-(phenylphenolato)aluminium), SAlq,
TPBi(2,2" ,2-(1,3,5-benzinetriyl)-tris(1-phenyl-1-H-benzimidazole), &A}t]o}E(oxadiazole), Ego}&
(triazole), FFEZ(phenanthroline), W=A}Z(benzoxazole) T Wl ZE]o}Z(benzthiazole)% o= 3}
oo m olFold = qlom, o] AT A =T

Py st AAGS(152)2 Al 2 289 (300) .2 FFS FU. PY 3k AAHF(152)2 PY =HE &4 4P
Y 2E BAS ¥gst 4 9y, P HE AAS(152)2 N AHsF AT (151) 7ol wixEo] Z=AlE nhe}h
Zol, N¥ Hst AMAF(5DIA A" Fx2E JHE 5 Ao P =dE EE2 55 ASE, F4-
TCNQ(tetrafluoro-tetracyanoquinodimethane), HATCN(Hexaazatriphenylene—hexacarbonitrile), 3Alo}R}FE ]
¥ d @ (hexaazatriphenylene) F=A¢ AL F7]&E T V205, MoOx, W03 53 7L 24 EZ = o]|Fod 4
AA|RE, olof AR gFErt. PH ZAE EHL, ATS HAEE F AdE 2FH, oE E°, NPD (NN'-
bis(naphthalene-1-yl)-N,N'-bis(phenyl)-2,2'-dimethylbenzidine), TPD(N,N'-bis-(3-methylphenyl)-N,N'-
bis—(phenyl)-benzidine) 2 MIDATA(4,4',4-Tris(N-3-methylphenyl-N-phenyl-amino)-triphenylamine) % °]=
i oS EFtele EAR o]Fold ¢ glom, o AgEA Ferh.
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B, 47 AT FUFQI0L pd As AF) BAZ ol F gom, B A% FYFGI0E nd
A ARFe BAR olFdd + 9

aefar, A1, Al 2 28] FHE Al 1 R 2ES(230) R OAl 2 f7] 332002 A7 Y e B
g g ge Al 1 EEEWDS Al 2 EHE(2)E

Al

A1 7] EFS (23002 A 1 A 75522003 Al 1 AA E5(240) Atolol wixlET. 7] Al 1
F5(230)2 F AR2 TAED 483 Ao F& d3d ¢ s A 1 =HEWDE 238, A7) Al
7] FT(32002 F ARE FTAEM2)C Al 1 77 B35 (230)3 A Mo FE 2FE = U= A
EUE)E TR

AE 5o, Al 1 7] TF5(230) H Al 2 F7] TFF(B2002 A2 Y A FS ETs dAR e,

F(230) 2 Al 2
93, 1 9l o

ol wj, A 1 f7] &FZ(230) E Al 2 F7] ¥FF(320)00A WEH= FEF(photoluminescence)ol wWE PL
2~HER ] FH(peak) o], 590 nm ©] 660 nm o]stell FFsh= Hgo A 1 F7] EFS(230) D A 2 F
7] (32002 AAFE Wt 43 gok Al 1 7] EE(230) 2 Al 2 7] @35 (3200004
Y+ 32 (photoluminescence)o] W2 PL A~ EZH ] 3 (peak) o], 510 nm ©]4F 590 nm ©]3}el] 3i3
e Al Al 1 7] $E3E(230) 2 oAl 2 f7] $F5(320)2 FAFE gsitta 4E S ok A 1 Rl
B45(230) 2 Al 2 {7 $FT (320044 WEHE FEF(photoluminescence)dl] W PL A~HEF 9 3
(peak) T-go], 430 nm ©]% 490 nm oldtel] |Fat= Aol Al 1 F7] F3(230) R Al 2 F7] BFF(32

0) Ags dddva 2d 5 o,

A1 F7] R 230) R OA 2 fr7] w3T(32000] AMFE P A, T2E =42, MADN(2-methyl-
9,10-di(2-naphthyl) anthracene)®} 72 <tEghAl(anthracene) F=A F ¢ s} ol ¥
Rnom, old AgHA gFert, HE, Aed A FEFA AMREE 4ol I2E B4R AHEE T Ut
o] o | SAE  EZLS NPD(N,N'-bis(naphthalene-1-yl)-N,N'-bis(phenyl)-2,2'-dimethylbenzidine),
TPD(N,N'-bis—(3-methylphenyl)-N,N'-bis—(phenyl)-benzidine), spiro-TAD(2,2',7,7'-tetrakis(N,N-
dimethylamino)-9,9-spirofluorene), MTDATA(4,4"',4-Tris(N-3-methylphenyl-N-phenyl-amino)-
triphenylamine), Alg3(tris(8-hydroxyquinolino)aluminum), Liq(8-hydroxyquinolinolato-lithium), PBD(2-
(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,40xadiazole), TAZ(3-(4-biphenyl)4-phenyl-5-tert-butylphenyl-
1,2,4-triazole), spiro-PBD, ¥ BAlq(bis(2-methyl-8-quinolinolate)-4-(phenylphenolato)aluminium), SAlq,
TPBi(2,2',2-(1,3,5-benzinetriyl)-tris(1l-phenyl-1-H-benzimidazole), =A}tjo}Z(oxadiazole) FEA, Ed
ol=(triazole) %A, HIFEZW(phenanthroline) F=A], W=Z=2Al=(benzoxazole) FE#] Ei= Wl=E|o}

Z(benzthiazole) FEA = o= 3l o)A X &d 4= glom oo #A|3Hu#| et}

o ol HHN'
o

e el

=
=
)

ol
ol

AL F7] EEE30) 2 A 2 f7) HEEE0)e] HAHe WY 4, A 1 =9E 81, A 2 2HE

=2, Ir(ppy)3 (tris(2-phenylpyridine)iridium), PIQIr(acac)(bis(1-phenylisoquinoline)
acetylacetonate iridium), PQIr(acac)(bis(l-phenylquinoline) acetylacetonateiridium), PQIr(tris(1-
phenylquinoline) iridium) Ir(piq)3(tris(1-phenylisoquinoline)iridium), Ir(pig)2(acac)(bis(1-
phenylisoquinoline)(acetylacetonate)iridium)$} a e olg]& (Ir) = 2=,

PtOEP(octaethylporphyrinporphine platinum) PBD:Eu(DBM)3(Phen), DCJTB(4-(dicyanomethylene)-2-tert-
butyl-6-(1,1,7,7-tetramethyljulolidyl-9-enyl)-4H) ¢} &2 3] & (pyran) F+%=A, EE(boron) FE4] T+ 3

Dl (perylene) FEA = o] 3} o] A4S ¥atat 2= glom oo A|3hE A F=

A1 7] WFS230) 2 oA 2 §7] FFF(320)0] HAFS WdFstE AS, E2E FZ(hl, h2),

O

TBSA(9,10-bis[(2",7"-di-t-butyl)-9',9"-spirobifluorenyl Janthracene), ADN(9, 10-di (naphth-2-
yD)anthracene)¥} 72 ¢tEd Al (anthracene) FEA F o] 3} o] A4S 313 4= 9Jon, o]o Adx = &
=0 3, AE3 AxF FEFo AMREE EHo] IAE EAR AMEE £k Q). o] W, IAE EHS
NPD(N,N'-bis(naphthalene-1-y1)-N,N'-bis(phenyl)-2,2'-dimethylbenzidine), TPD(N,N'-bis-(3-
methylphenyl)-N,N'-bis-(phenyl)-benzidine), spiro-TAD(2,2',7,7"'-tetrakis(N,N-dimethylamino)-9,9-
spirofluorene), MTDATA(4,4" ,4-Tris(N-3-methylphenyl-N-phenyl-amino)-triphenylamine), Alq3(tris(8-
hydroxyquinolino)aluminum), Liq(8-hydroxyquinolinolato-lithium), PBD(2-(4-biphenylyl)-5-(4-tert-
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butylphenyl)-1,3,4oxadiazole), TAZ(3-(4-bipheny!l)4-phenyl-5-tert-butylphenyl-1,2,4-triazole), spiro-
PBD, % BAlq(bis(2-methyl-8-quinolinolate)-4-(phenylphenolato)aluminium), SAlq, TPBi(2,2',2-(1,3,5-
benzinetriyl)-tris(1-phenyl-1-H-benzimidazole), %A}t]o}Z(oxadiazole) %A, EZ|o}lZ(triazole) f1=
A, H'FEEH(phenanthroline) %A, WZ2A} Z(benzoxazole) %= T WlZE]o}Z(benzthiazole)
TA 5 o= s ol s x4 dom, oldf AgEA] o=
A1 7l WFF230) B Al 2 7] BFF(320)0] sG-S BFste Ag, Al 1 =HE S4dD) % Al 2
EHE 5EZ(d2)& Ir(ppy)3(tris(2-phenylpyridine)iridium)< ¥3tsl= o8] &5 (Ir) =
Al

Alq3(tris(8-hydroxyquinolino)aluminum)% ©]= 3}i} o] 48 E3He 4= glom  o]9

A5 T

Z]
A =

AT 7] E3E(230) 2 oAl 2 fr7] RS (32000 FAFS wFsts Ae, dE B, I2E 242, TBSA

(9,10-bis[(2",7"-di-t-butyl)-9',9"-spirobifluorenyl Janthracene), Alq3(tris(8-hydroxy-
quinolino)aluminum), ADN(9,10-di(naphth-2-yl)anthracene)®} & <tEz}Al(anthracene) XA, BSBF(2-
(9,9-spirof luoren-2-yl1)-9,9-spirof luorene), CBP (4,4'-bis(carbazol-9-yl)biphenyl), spiro-

CBP(2,2',7,7'-tetrakis(carbazol-9-y1)-9,9'-spirobifluorene), mCP % TcTa (4,4',4-tris(carbazoyl-9-
vl)triphenylamine) & ol 3fu} o] A4S 383k 4= Qlom  o]o AgEHR =

A1 F7] EFF230), Al 2 Rl FHF(320)0] AMFS wFEE A, dE E9, Al 1 =HE BF Y
Al 2 Z=HE FHE olF oA F3Eo] A3H  Io]dl(pyrene), FlrPic(bis(3,5-difluoro-2-(2-

pyridyl)phenyl-(2-carboxyprdidyl)iridium), Ir(ppy)3 (tris(2-phenylpyridine)iridium)< ¥*3rsl= olg]l&H
(Ir) #t= AL, spiro-DPVBi, spiro-6P, spiro-BDAVBi(2,7-bis[4-(diphenylamino)styryl]-9,9'-
spirofluorene), ©l~=®lAl(distyryl benzene, DSB), TIA~E™Hol& @ (distyryl arylene, DSA), ZZFod
(polyfluorene, PFO)A ¥z} 2 Zgue}sdain)ddl(poly(pphenylene vinylene), PPV)A 1EZ F o]
St oS X 4 dom, olof AgEA] o=

oo A 1, Al 2 #7] 35230, 3
2 5l =RE o] wel AR HZE
WAl aAl A 1, Al 2 REEL, d2)9 &

20)2, EAS wEl A 1, Al 2 2" FAG 9FgFS FE AV
?ﬁ_ A =5 sty ol#d A 1, Al 2 ¥ x}o] SE
232 10wth ©]5t= A 3FE Ao},

s, A7 Al 1, Al 2 =RES] FFo] of swth ol A=, FARSC TS Al 2 2E((300)0] Al 2
Wg(320)9] Al 2 ZHE(A2) = A1 F7] 23S(230) 9 Zﬂ 1 EAEWDEY &2 Ao, Stwh v]wt
o, A1, Al 2 _.ﬁ(ZOO, 300) & EASel | oAl 1 2E9 Zﬂ 1 7] 335(230) 3% EAMS 77k
2 =89 Al 2 #7] EFF(320)9 EHE S 5 T Al 1 7] BFS(280)0] AUHeR H B
@.

oMo 1o N dm

2 28(300)0] W Gl i WEsE 7] wzel, Al 2 2(200)3}
AR AER AT Qo] W EASEZ, Al 2 28E00)6] EEE Al 2 BHEWR) §FS 249

olet, & Wl F7] wF LAl oA, Al 1, Al 2 F7] LFS(230, 320)° EF}E= =HE o] I
(o)

G

o
tlo
ki
g
o
2
b
w
rlo
ol
Do
1o
[
i
e

®o2e B ownel §7] 8% ko] 3 BAA 280 F F4
= It

T2 % = 33 o], A4zt Al 1§77 HEFEMLD I Al 2 F7] SEE(EML2) S 238k 2
(110) 2 Al 2 A5(120) Afelell viXA]l, EAS] dlF3t= Al 2 A=5(120)00] A 2§71 EFS(EML2) o] Al
ZWAS), A7 Al 2 fr7] EE (3200 02 RE YoE Fo] &Aoo AduidoR W oAl 1 f7] g3 (230) A
Q= Fo] EART Hol AAHow A 2 AF(120)014 FAMEE HF EAFl diel Al 2 7] (32
0)°] 70%2] 7191E &, oA woh W Al 1 7] $35(230)0] 30%2] 711E sted, A7) Al 1, Al 2 771
(230, 32009014 Yo S Fatste] F 10099 E3o] o] Foixitt.

nO{'
O{t
—|~

ol @ olF sEe] §7] W AN E EAZ] ke 2Ee] A 2 7] WAFo] WA FHe| 7085 7]
7] wWwel, A7) Al 2 f7] WHE32000] Bl @ Aol Al 1 H7) WAE(230)9] FFol o F AFn
o Ay

A, 7] wF A keldm= AW wke} o], AAl FAOl o]&¥= HITA EL(AANEE,
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&
L
flo
3
ofd

nom
i)

electroluminescence) Z=FEF o] (1) F7] WFFo] X3xe= =HE EHo|v} 3 2E 53

o] F3 EAS wkdsh= PL(FEF, photoluminescence) ~FEHI} (2) A 45 T3 L2 F7|5Ee
FAE XS f7] F axe] FE9 FEE 540 wEt AAEE, ok #AE%(out coupling) ClME
(emittance) ~HEH AB FozM AEHr},

B 4 0e] 7] 9 2xeld A EE A% vehd ezelt,

il

%49 BS99 f7] W 24 FEE o gdtel, 4T £559 FAVL Destel AHAES BEV W
A AR Aoz, 47 $EF) AL AR SoAYFE A AATAN e EES 2 AT THAH
 ClEy @kl 0.0663 1<) 0.0687) F7b)o] WAGTh, Fz W2 Friold A Wil glgel® $Tew,
fgo] ghshs e olm s}

F1
No. T5 AW a5 (Cd/A) CIEx CIEy
No.1 7.6 7.9 0.142 0.069
No.2 7.5 8.8 0.142 0.067
No.3 7.5 9.3 0.141 0.069
No.4 7.4 11.2 0.138 0.072

dE So], & 49 2 ZoA, No. 1o]A No. 207 HE wj=, NFAE
No. 3, No. 3914 No. 402 W3 = CIEy gto] ¥Hl= A3t
FE5o FAZE 59 g 271 gy g2 Agow AR WEehe Bolt,

rr
2,

L

olo] w}, No. 1, No. 3 Atolole %3t MzxE CIEy @S zZAvF, &8 27 A= 1.4 Cd/A HAsts=

-1 R4
Ao, ol B AgelN EE Ash AT F A& ovistel, ¥ dwel 7] BY 2AE WF 73
= = E
i =

X2
T2 7} AN EHE AFEA
e R d1 d2 TEHRN) a&(Cd/A) CIEx CIEy
Split 1 d1=d2 2% 2% 7.3 10.2 0.139 0.070
Split 1' d1=d2 3% 3% 7.4 9.6 0.139 0.070
Split 2 d1>d2 3% 1% 7.4 10.2 0.139 0.070
Split 3 d1<d2 1% 3% 7.4 9.1 0.139 0.070

F 29 A AL Al 2 f7] ETel A4 e Al 1, Al 2 B=EEL, d2)9] F8e 10wt o]sk= 8t
A lolw, 24zt A MFH(CIEx, CIEy)e] Y2 =% 3 Aot}

o

Y By, AL A 2 BREWL d2)9 FFe] Stk ol At suth vl B e Y

AA, A 1 ZHEWD Al 2 ZHE(2)Y] S 5L & split 1= Al 1, Al 2 ZHE(L, d2)9 T
S owt%E I AR, A 1, A 2 EAE(dL, d2)9 IS 4wt%o]T}.

ol9} mlmate], split 1'E Z+2, Al 1, A 2 EHEL, d2)9 FHS witbz A8 X%, A 1, A
SHE(, d2)9 % TS 6wthE, Swth oA O = split 1 thH] F% H<to] Eolx i, F&o] "olxE
= Yepda 9tk o] split 1'dlAe Al 2 &FTo] ®3 7k st FLgh Mgtelx|qt g&o] 23]
f "olA e AFE Hehe Aox FAE & drt.

S04, Al 2 f7] 3SRt Al L Al 2 BREL d2)9] & §el Swth o)l A, A 7k Al 2
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