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dinaphthalenyl-9,9'-bianthracene-10,10"'-diamine), DEQ(N,N'-diethylquinacridone), DCM(4-
(dicyanomethylene)-2-methyl-6-[p-(dimethylamino)styryl]-4H-pyran), DCM2(4-(dicyanomethylene)-2-methyl-
6-julolidyl-9-enyl-4H-pyran), DCJT(4-(dicyanomethylene)-2-methyl-6-(1,1,7,7-tetramethyljulolidyl-9-
enyl)-4H-pyran), DCJTB(4-(Dicyanomethylene)-2-tert-butyl-6-(1,1,7,7,-tetramethyljulolidyl-9-enyl)-4H-
pyran), DCJITI, DCIMIB, DPP(6,13-diphenylpentacene), DCDDC(3-(dicyanomethylene)-5,5~dimethyl-1-[(4~
dimethylamino)styryl]cyclohexene), AAAP(6-methyl-3-[3-(1,1,6,6-tetramethyl-10-ox0-2,3,5,6-tetrahydro-
1H,4H, 10H-11-oxa-3a-azabenzo[de]-anthracen-9-y1)acryloyl Ipyran-2,4-dione), (PPA)(PSA)Pe-1(3-(N-phenyl-
N-p-tolylamino)-9-(N-p-styrylphenyl-N-p-tolylamino)perylene), BSN(1,10-dicyano-substituted  bis-
styrylnaphthalene derivative) DBP(tetraphenyldibenzoperiflanthene), TBRb(2,8-di-tert-butyl-5,11-bis(4~
tert-butylphenyl)-6,12-diphenyltetracene) H+= FE @ (Rubrene)S ¥3a 4 o}, olo] dAH= HLS

A Hol, 47] ABFEL FFS 47 WA F TS 1FOL o 0 FF% 23} WA o 3 F% |3}
g 4 glont, old] @REE e ohr

2 A=A, A7) Assehee a2
A
[e)

d Aol A, F7] HEFTE Addgtes o 23 5 v Y] AlEeE S SAER A48T ¢ 9lon,
3 = a7y
d AAolA, 7] AlsteE R A7) AldsEe AEEAE s/ kA €S ¢ dlen, ol @A

d Aol A, 7] AlsteE B 7] AdsteES AR sYEdeR, JhE- seE, BEE ofwl skt

-
L ¥ SAplE-g SRE D AW SAolu-gtg AFE FA A

7] AsgrE S AR Ed TRE0AL, Y] AdstgES e 7EY TAED ¢ glon, ol @A H=
o

T ooE AAdelA, 1) 7] AlstegES s =
A4S n-dA AR H2UFS e, A SAR| =g SHehE

oM | AL e

i) 71 Allshes -2 299 5205 seE, 229 SAo| =gy Shghe 2 Ay SAbol=-oh
shehE Folld AdEH = JhE-d e R ES obdl dte el Ad=E 4 gle

FAFo g, 7] A1stgE-S> mCP, TCTA, CBP, mCBP, NPB, m-MTDATA 2 TPD oA A&, A7) #4845+
=2 B3PYMPM, B4PYMPM, TPBi, 3TPYMB, BmPyPB, TmPyPB, “37] &3+& BSFM, “3~7] 3+3-& PO-T2T, PO15, DPEPO
9 TSPOL Sl AEE 5 glonh, ol @gEE A ohuh,

TAHo R, AV A13EE-S B3PYMPM, B4PYMPM, TPBi, 3TPYMB, BmPyPB, TmPyPB, 471 3-%% BSFM, 471 3}
32 PO-T2T, PO15, DPEPO @ TSPO1 ZFolA] Aelwar, A7) A43}3ES nCP, TCTA, CBP, mCBP, NPB, m-
NIDATA 50 TPD FollA] A= o= 9o, ofd A== A& ofytt.

dE B, A7 AEgE 9 A7l A4setEe] 23 TCTA:B4PYMPM, TCTA:B3PYMPM, TCTA:TPBi,
TCTA: 3TPYMB, TCTA:BmPyPB, TCTA:BSFM, CBP:B3PYMPM, mCP:B3PYMPM R NPB:BSFM FollAl Aeld 4= glou}, o]
FAE = A2 oy, 7] AllsEE RO AR Y] 23] =R Ae S AduEs B, A
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20:80 WA

L

L

s=sq
2] Fpy]

z}rﬂ]—

7] Al43}

71

[0167]

I
<3

~~
e

A22(19) ]

L
=

AT =(11)

[0168]

&

ZH10)2] A1

4

)
=l

A5) )

71

[0169]

ol¢} RIf= A1 =(11)°]

A1 =(11) 0]

g
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr E& °]

9]A

_\?j

L

o17}H = &= (cathode)d 4 U},

o}

[0170]

s

:3

ITO, I1Z0, ZnO

el
Plo

I

(16)2 A1AF(11) Afelell

=

(<)

&

T

A=(19) Abolell =}

[0171]

Br
Bo

2]

o
M
=
Nfo
No

o]

[e]

PANT/DBSA

yelE)),
yelE)),

al

A

-
X
-
X

A
.

g ]

k)
o

Yd-=HHs
Yd-=HHAs

3E
=
3E
=

~Cyclohexylidenebis[N,N-bis(4-
(11)

gopbd®l/

AE] o)/
HATCN(1,4,5,8,9,11-hexaazatriphenylene-hexacarbonitrile) <& A& = gloi}, o]d

3E
=

2

=

A7 A1A
(

TAPC(4,4

(e}
2-TNATA(4,4" ,4"' '-Tris[2-naphthyl(phenyl )amino]triphenylamine),

L

IS HIL)
TDATA,
Z2](3,4-c€
PANI/PSS

3E

m-MTDATA,
PEDOT/PSS(

A=) ERE A=
sl AHEHE =dE

KX
o

[e=]
=

methylphenyl )benzenamine]),

PANT/CSA

471

%

[0173]
[0174]
[0175]
[0176]

S mCP(1,3-bis(9-carbazolyl)benzene),

=
=

of
-Bis(N-carbazolyl)-1,1'-biphenyl),

X
Ho
o))

Nlo
4

Ho

vzl

[0177]

m—

mCBP(3,3-

-bis(3-methylphenyl)-N,N’

—-diphenyl-(1,1'-biphenyl)-4,4'-diamine),
TPD(N,N’

o olyr}.

CBP(4,4

NPB(N,N'-di (1-naphthy1)-N,N’

MTDATA(4,4",4"-tris[phenyl(m-tolyl)amino]triphenylamine),

diphenylbenzidine) & AF&

kel
=

o
A

(16)0] ¥4< =+

=

[e)

&

TCTA(Tris(4-carbazoyl-9-ylphenyl)amine),
371

bis(carbazol-9-yl)bipheny),

al
=

[0179]

o
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[0181]

[0182]

[0183]

[0184]

[0185]

[0186]

[0187]

[0188]

[0189]

[0190]

[0191]

[0192]

[0193]
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o=

il

of, 47 p-EFES,

TCNQ (Tetracyanoquinodimethane) % F4-TCNQ (2,3,5,6-Tetrafluoro-7,7,8,8-tetracyanoquinodimethane) 5}

2 A= FEA
A AeE, g2l AstE 9 22829 etE 53 22 55 AEE

HAT-CN (1,4,5,8,9,11-hexaazatriphenylene-hexacarbonitrile) 5& ¥&3 4 gloy, olo] A= AL of

A% 5o, AR 5 AL 4F AANF/ AR 75/ A4 FAF B2 A4 £EF/A4 FF P28
goit, ool FAHE AL otk A7) WA £E5FL BAF EE 2 o4 AR e BAL EF

A7) AR 5 99 AF AAS, AR 5T D AR FUTY A4 21 AF U5 ¥4 2de F
=9t
AR 558 FA A 4 8BS ALY 4 ded o= 59, Algs, BCP(Bathocuproine), Bphen(4,7-

diphenyl-1,10-phenanthroline), TAZ(3-(Biphenyl-4-y1)-5-(4-tert-butylpheny! )-4-phenyl-4H-1,2, 4~
triazole), NTAZ(4-(naphthalen-1-yl)-3,5-diphenyl-4H-1,2,4-triazole), tBu-PBD(2-(4-biphenylyl)-5-(4-
Balq(Bis(2-methyl-8-quinolinolato-N1,08)-(1,1'-Biphenyl-4-
AND(9, 10-Di (naphth-2-

yl)anthracene), B3PYMPM(bis—4,6-(3,5-di-3-pyridylphenyl)-2-methylpyrimi-dine), TPBi(2,2',2"-(1,3,5~
benzenetriyl)tris—[1-phenyl-1H-benzimidazole]), 3TPYMB(Tris(2,4,6-triMethyl-3-(pyridin-3-
yl)phenyl)borane), BmPyPB(1,3-bis[3,5-di  (pyridin-3-yl) phenyl]benzene), TmPyPB(3,3'-[5'-[3-(3-
Pyridinyl)phenyl][1,1':3"',1"-terphenyl]-3,3"-diyl]bispyridine), 3}7] 3= BSFM, &}7] 3}¢H&E PO-T2T,
s}7] 3}gkE TSPO1, &t7] $+ghE DPEPO, PO15(dibenzolb,d]lthiophene-2,8-diylbis(diphenylphosphine oxide))
T A oy, od gAE= AL oYt

tert-butylphenyl)-1,3,4-oxadiazole),

olato)aluminum), Bebq,(Bis(10-hydroxybenzolhlquinolinato)beryllium),

TSPO1

AR} F9=2 LiF, NaCl, CsF, Li0, Ba0, Liq, Rb,C0; 53 & BEAL o]g3le] AT 4 r}
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[0194]

[0195]

[0196]

[0197]
[0198]

[0199]

[0200]

[0201]

[0202]
[0203]

[0204]

[0205]
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| #715(15) 52 A2d=19)e] FHlEe] ok, A2d=(19)2 25, YEE, 28, FHlF, Ad &
dzbe] w5, AEE, viads, 24, 2EESE, vhE o &Fd EaS, dFvE, 23%E, s, of
olEH, dw, AFE, AR, FEF, HEF, oH=

/\01—

9]

o, " S o, = T 27 o]/\]'gl %L%L, E= O]Eé
% N ol =, &, Wa, T, 43, He, 3HE, YA, gad, F4 F Ul old#e] Fa, E ole
% Aok 2F& XT3 FERAR AL 5 vk, "o mExE 1100 AQ)H-0F A e AMEE
FE At FEoEAE, dF 59 [T0RIFFALMSE), [20(0Fota4kstE), Zn0(erd 4tshsE) = 1)
o5& AR S duh. Ad weEEel A A2dS(19)2 110, 120, Zn0 e 289 22 F9yd JetE=
FAE F U,

[}
=

1%, 271 71 24 2Aks = 1S Fxstel dWsigion, old @4 H = A2 ofyt

Xy

Apoll thake] Hp -

ostlA, Bkl Fzel R AAAE Fol, B wHe] A ANE Mt {7 WY
AHow Ayt aet, ¥ wgol a9 7 g

[AA]
7o) 1: HOMO AuvX] ¥ 9 LUMO olqA] #H@e] A4t

B3PYMPM, TCTA, Ir(ppy)s(acac), Ir(mpp)s(acac), Ir(ppy)s(tmd), Ir(ppy)s, Ir(mppy); % Ir(chpy)s2] HOMO ¢

U x| gl Z47ke] 33HEol tiek DFT At 28 & & . 2 4945 % 1 9 = 29 YeRAT.
¥ 1
s E HOMO ol =] = LUMO el =] &
(eV) (eV)
B3PYMPM -6.8 -3.2
TCTA -5.8 -2.4
Ir(ppy).(acac) -5.5 -3.0
Ir(mpp).(acac) -5.1 -2.7
Ir (ppy)s(tmd) -5.4 -2.9
Ir(ppy)s -5.3 -2.8
Ir (mppy)s -5.0 -2.2
Ir (chpy)s -5.0 -2.5

A7 5 1 2 = 25 FF3EH, Ir(ppy)slacac), Ir(mpp)s(acac), Ir(ppy)s(tmd), Ir(ppy)s, Ir(mppy)s; =
Ir(chpy)s;= Z+ZF B3PYMPME] LUMO U] BT o & LUMO dly#] d¥S 23, TCTAS] HOMO ou=] =&

Hrh © E2 HOMO oly¥A #@Es 7HE #9d S Sld

U

o] ¥-E|, Ir(ppy)s(acac), Ir(mpp)s(acac),

Ir(ppy)2(tmd). Ir(ppy)s, Ir(mppy)s % Ir(chpy);& A& EFHES 7S 45T 5 ).

Hrld 2: EFR Bx AAF] EA =A

1) Fzd 1

o= HFo2A 100 nm FA 1T07F HE|PEH = 8 78S V-2F0 158 5o =7 v, &
of&g H olazEd d:e AFHSH. A7) Fel 71 dFl TAPCE SFEke] 7omm 719 AE FASTE
PAstch, A7 ATFYE Ao TCTA & ZZste] Inm F79 BF £35S FAs90. A7) AeFSE
= 431352

= (s}
AFR-ol TCTA(A13}gHE), B3PYMPM(AI43}HE) 2 Ir(ppy)s (A23}8HE)S TS5 (A131gE o
FH%)3t] 30nm FAL WHFETS FASAY. ] LFT Aol
B3PYMPMS 5&3te] 45nm T2 Az =435S AT, 47 dx 55 = 7n
TAY AR FYES A b AlS 25k 100 nm Y AAE AES P, olu 7 25

x10" Torre] &< SAHAN AZ2EHT},

ofj

2) Fzxd 2
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[0206]

[0207]

[0208]

[0209]

[0210]

[0211]

[0212]

[0213]

[0214]

[0215]

[0216]

[0217]

[0218]

[0219]

[0220]

[0221]

[0222]

S=50l 10-2024811
W3S @44 Ir(ppy)s A Ir(chpy)ss ARSIt A& AlQlstas o 13 43 ez 7] 23

2AE AL,

W3S @44 Ir(ppy)s A Ir(mppy)ss ARESIATHE & AlQlstas Fxd 13 43 ez 7] 23

aAE AR,

rlr

&

N
2
—
=)
oft
e
o
o
i
o
fu
o
N

32 FAA] Ir(ppy)s A Ir(ppy)s(acac) S A&t thes HS Al9)sta

WS JAA] Ir(ppy)s tAl Ir(ppy)o(tmd) S AFE38F3th= A8 AlQsta

g aAE AR

rir
%J_',

N
£2
—
i)
oft
e
o,
ok
i)
o
ull
Ho
N

W3 34 Al Ir(ppy)s WAl Ir(mpp)s(acac) & AFESIATHE A& ALstas o 17 U3 Wygoz {7
vk AxE A 2T

JV-L BARL A-2~-=4 9 (Keithley 237) ¥ SpectraScan PR650 (Photo Research)® =438}t o]
(transient) EL Ho]E:x HA A7) (Agilent 8114A) % AFNERZU|E (SpectraPro-300i)E ¥ FZ 3
(Acton Research, PD-438)c] dZ&te] ATt. o] %+E time-of-flight =4 %X (Optel, TOF-401)E o]|-&3}

25-7% AGU-V), FE-TE ALV, FE-T
3 Al 6ol Zk2h vheh e,

=3 R A Fxd o, Bluitxd 1 WA 39 J-V 54 A fAREe & ¢ dSlaL, e 1WA 39 A
7 odEE i 1 WA 3¢ di dREt WSS #9500 =9, Fxe 1 WA 39 ’-2 A
Sh2 Hlagzd 1 WA 39 ©-2 Hdgtel vl 155 & 5 AT Fxe 1 WA 3 % Haze 1 WA

T 5% FFd 1 X 3 E HaEd 1 WA 39 3= o 7F AgS HAu. o]ZRE Hzd 1 WA 3=
Hlzkzze] 1 WA 30 wisted, 54 I=E G4 f8AE d =2 5 AYS AUtsElor €8 & F
AT o= EF At o3 FAHE FX4 Ar|FoR Qe Aow A

T 62 FFd 1 WA 3 E HnEFd 1 WA 39 = o oF A a&S B olg s Hu F Fxt
BE2 o2 HU o5 S 253 & ¢y, o|2HEH U] 7] ¥ A5 45 4 E HA A
S ztertE AS BTt

T 72 Hxd 1 WA 3 vamEzd 1 WA 39] o] ELE HQlY. wluzkFd 1 WX 32 25 A7 Hx7)
AR o vlo]ojx FlolA] I FAAA ¥ FEE YRR gttt dixzdo =z o 1 WA 32 BT
9 vlolojx FlA e FEE YERL. o] oW FEE EYHE U9 F EF H Hske AlxFel A
o, ol 9 nmlojojay) Frhge] wel L2AAE 7FESAZITE. J-V 54 do] EL SHOZRE H5 A
Age ez ;}i A2 FHEE zt= HEHE SHEES x3eE f7] GG Az A A, E
A BE AT A oR o I RUES k= TRUE CHEES ¥3etE F7) B Aol A
ge o = Sl

H7te] 3: FF9 AZF(Langevin recombination) ™l E HZF AZAF

Z AZ2% F FFW A4 HES sZTE-F wE(drift-diffusion model)S AMgsle] AXibagitt.
Ir(ppy)s(acac), Ir(mpp).(acac), Ir(ppy)(tmd), Ir(ppy)s, Ir(mppy)s % Ir(chpy)soll wi3ke] B3LYP o 7]ukst

density functional theory (DFT: B3LYP, 6-311G(d)/ LANL2DZ F=<=ollA G+ F A3 sh)ol o3k 2 +x HF
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i‘r% Z=HFSE Gaussian09 T EZIWS o]83le] H2x RWE, ¥ 3 ub ddy 2 EAN ATE AXEY, 3§
71 & 2] JeErAT}.
* 2
[0223] S zAE THE Ir(ppy)s(tmd) Ir(mpp)s(acac) Ir(ppy)q(acac)
AE2 BHlE (Debye) 1.4 1.64 1.83
23 ¥ (Capture radius) (nm) 0.21 0.26 0.28
A A (Cross section) (nm) 0.18 0.21 0.24
E AT (AE) (eV) 0.4 0.7 0.3
SRHE THE Ir (mppy)s Ir(chpy); Ir(ppy)s
A2 ZHlE (Debye) 5.38 6.18 6.36
¥3 v (nm) 0.47 0.51 0.51
S A () 0.70 0.81 0.83
E AE (eV) 0.8 0.8 0.5
[0224] T 82 ¥3 why e A BHE 9 E A tid F AE3 T #HE A4dde] v&S yeRd Aol
o AxE F A4 T #HE AAEY] vES 42 Ir(ppy)l(tmd), Ir(ppy)s(acac) 2 Ir(mppy)s(acac)ell
3l A 0.74, 0.59 2 0.63°1932, Ir(ppy)s, Ir(mppy)s % Ir(chpy)sell WiaiA, 0.21, 0.26 % 0.21°]At}.
[0225] O|E2HQ ALFoREE IRAY =HE v, SHZNY =HE disiA FHFu Addte] vgo] =2
AL didad = oy, o Ay #F desEHS ¢ 5 U
Fool 4
[0226] 100 F7] w33 A=

11 A1d=

=g
EH]
/10
19
s ] 16
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AV
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0.5

0.0

L —=—Ir(ppy),(acac)

—A—Ir(mpp),(acac)

F —>— Ir(mppy),

—@— Ir(ppy),(tmd)

—v— Ir(ppy),
—<—Ir(chpy),

Voltage (V)
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)

EQE i

g

k1

Norm. EL intensity (a.u.)

Norm. EL intensity (a.u.)

SES06 10-2024811

6
15+ : h‘"‘“ﬁt.\‘ .
10 | Phoshporescent dye (Max EQE) _
| —=—Ir(ppy),(acac) (30.5 %)  —v—Ir(ppy),(25.9 %) |
5l —e— Ir(ppy),(tmd) (32.0 %) —<—Ir(chpy).(22.3 %) -
r—4— Ir(mpp)_ (acac) (30.3 %) —»— Ir(mppy),(22.6 %)
0 i L i 1 i 1 i
0 5000 10000 15000 20000
Luminance (cd/m?)
7
:z Ir(ppy),(tmd) I(mpp),(acac) Ir(ppy),(acac)
0.8} 4 CN ~ |
o6} ov { ) { V\f’é I

time (us) time (us) time (us)
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[(H744]

FDS1:= Al1shgheo] A <7]
(#1745

FDS1+= Al3st3t=<] HA 7]

[AaRA 2]
(B3] QoA
[RAAAF-SE] gokx mixutz
(W3]

FDS1: A13}3HE¢] HA o7
[H745]

FDS1+= Al38t3t=<] HA 7]

[#Ax74 3]
[2435] 719
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