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(2-phenylpyridine) iridium ([l ) (Tr(ppy) s ) FHELL 4 85 6 A4 Kl tris (1-phenylisoquinolinato-C2, N) iridium ¢ [[ ) (Ir
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(ppy)s HYAE NS KOG B 55 HLR G i A8 L. 24 Ir(piq)s 45 2 R 4k 248 i i 0BG BUR 6 G i AL AR
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AT LB BRI 1 — AR T EE WS T . R B
AU ECREH R, S AR B A PR A, —Fh
AT (R) | B HIE(G) | (B IT (B 3 B K 1
i R A ER LIRS, R g A . H
RICIEAR G R . 7 —Fh a8 w7 0% i £ &
BT, WK, & =M R M R R R
P81 34 [R] 42 2 3 B A 80 50 4 B A 32 A bk eb S B O RO .
Forrest i 1E 2004 4E I8 T 38 i3 = 48 A% 19 J5 =X 5 8 5 2
F WOLEDs™ , Tang {§485 41 7 2016 4F3@ i3 21 (R) . G (G W
B Ao 5B KOG RIT BB NI T A T RR
Bk 206 M O R BT . (BA4E £ BB 44k R PhOLEDs 1,
T o AP T R A R 2 A AR R AR A AR
) B 23Xl 2 T35 2= 1K & 1) PhOLEDs P AF1EHR B 5 M kL Z
5] 1) #4588 . ROGOGIEBE A B R AR Ak, DL R A R R
JUE SRR, X R T 24822k & PhOLEDs 1y 3 — 25
NP Tk B (R, KSR IR R TN A K. BRS
L3 & 6 I &5 3% R (Transientd ectroluminescence measure-
ments) A] A FH SR U8 DU 25 14 P 3 0 300R F f fn . SRR (R AR
FIEASERAE BT 0 TR 5 AL BOUR G &% 18 4
1 % S ad B R FREY 2012 4F Weichsel 38 i 6 A HL AL L
K ICE P BRSOt EEORIE T &R R N R AR,
TEASCH O T BFFEAE S E 5 2= 7k % PhOLEDs 7 15 1) 7%
PR A JGIEATRE . B A R BN AR T R AR )
AU g R R LD E TR Tr(piq)s RIR etk 55 1 4
LR G WA PTB? 5 & @B at kL IrCppy)s F W R %
43 3[Rl 5 4 ) AR MR CBP A1) T S B 2 & 06 ik
ARG RTEX MO E S R R P i R 2 ROGHLH . I 8 1 B
SA P BOR IR RGO TR X O E B 2 R P IR B
k23 R I 5 48 Ul 7 DA T -5 B0 RIR R ]

(a)

ITO Glass Substrate

ISR

1.1 HRE5J[GFHE

5 F 45 ¥y ITO/PEDOT : PSS/Poly-TPD/CBP :
Ir(ppy)s () * Ir(piq)s () /TPBi(15 nm)/Alqgs (25 nm) /LiF
(0.6 nm)/Al (80 nm) I ITO/PEDOT : PSS/Poly-TPD/
CBP : Ir(ppy)s (x) # PTB7(y)/TPBi(15 nm)/Alg; (25 nm)/
LiF(0. 6 nm)/AI(80 nm) il # T H E B AR R (y=0) AW E
B ER =AM, SO mE 1, PR EEIE 1
(b)), Hrp poly(3, 4-ethylenedioxythiophene) : poly(styrene-
sulfonate) (PEDOT : PSS) 2 fH % & 4 )2 » poly [ bis(4-phen-
yD) (4-butylphenyl) amine | (Poly-TPD)/E a5 X A& i )= . 1.3,
5-tris(1-phenyl-1H-benzimidazol-2-yl) benzene ( TPBi) {E i 25
JCBHAY )2, aluminum tris (8-hydroxyquinolinate) ( Alqs ) Hi
&5 )2 . PEDOT : PSS, Poly-TPD L & % 62 & F 57 Jie
JEEHLAR YR o 3 IR 72 1TO BEBS % i§ |, PEDOT = PSS L)
3500 r+ min ' HER 40 s J5AF 120 C FiB kK 20 min; Poly-
TPD e A AR B A b, W E 10 mg « mL ', LA 3 000
r e min g 40 s, MiJG 80 ‘CiE k 20 min; FKF K CBP
AR, MBS 10 mg « mL ", Tr(ppy)s s Tr(pig)s #
PTB7 =Fp 24K b4 BE 43 5 V5 i A2 S8 07 oh s WREE 4390 2 5, 10
15 mg e« mL", i 5 #— % LB CBIR AW, FE 2 500
re min "R BER 40 s, TG 120 “CiB & 15 min, TPBi,
Algs , LiF Fl AL 225 5 w5 B8 g &k myor Uil 46 . Ko
TPBi Il Alg, IZER AN 0.5 A« 571, LiF 1 Al #9725 % 78
HEARN 0.2 F2 A s ERIERKMH NN 4X 10
Pa, TR 10 J5E B2 by A AR 99 32 6 19 RIS 43 A ASC Ak 00

(b) PEDOT: PSS CBP Algs
- Pf)zlys»"g,D TPBi
: 26eV 0y
3leV
AI/LiF
-3.8 eV
-52eV
-6 |= -59eV -5.8eV
-6.2eV
T

B1 (a)BHEHRTEE; (b)FREHERTEER

Fig. 1

1.2 2R ERERAE

TR OEBUR 6% i HORIBA 723 & 9 28 40 56 3 {30
Y B R G BUR OGS 2l 5 HORIBA JobinYvon 23 #]
B T A R B BRSO BUR DG R G = 195 & A1 Y 52
B WA R R BOR G % R 3 58 8 7 Spec-
troradiometerCR-250, Keithley2410 FI 5. 37 33006 A4 7= B 20 Ot

(a) The structure of the device; (b) Energy band diagram of each layer

HTE AL S I R G Y BRSO R R H
T PEHE LY DGL022 J5 I bk i A5 B & 2B AR L I3 AR A W) Y
DG 535 55 1L 3R & AE &7 M2 SR 24 A 19 Agilent BI14A {5
5k AR O 3K Bh B PR B, 5 SE OOk B PMTH-S1CL-
CRI131 By i 5304 (PMT) 1 3 [ 28 70 24w 1) DPO4104 $%
TFIR U AR AE N B R A A e A B A I R e )
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2.1 REEXFHHE

HAEWA T 8 2% IR B8 L6 A B Ir (pig)s Xt CBP ¢
Ir(ppy)s JEBUE R, WE 2() i~ ., CBP 5 Ir(ppy)s
BRI RF 100 ¢ 3, BRAFIMWEM Ir(pig)s B, JEEE
Jeot ik kAW B Ak, BEE Ir (pig), BRKERE.
Ir(ppy)s KOG W 85, 2 Ir (piq)s AH X CBP A BT & L i
100 = 3 #2= 3] 100 = 5 BF, ROGHEIA N A, B 2(b)
B AN FR FE Tr(piq)s BFAF 19 Tr(ppy)s 19 KOG 7 fiv . B

@
&

100:3:0
; 100:3:1
> .9
£1.0 100:3:3 §
£0.8 3
£06 100:3:5 §
g4 S
502

£0.0

S 450 500 550 600 650 700
Wavelength/nm

KWK N 373 nm, REW KK 516 nm, Ir(piQ); MK B
2%, Ir(ppy)s WIRGHMZER, BT Ir(ppy)s M =KERBK
BT Ir(pia), B =L ERES, Ir(ppy)s S¥fefiid E
Ir(piq); » FITMGEHFER L H A ARMT . X5 I b 6 2 Ih)
M RE 1L S REEHBORE TR, 2 Ir(piq)s 4% il A
100 + 34REH 100 : 5, Ir(ppy)s M RICH IR LA B
AL, B2 21 ns, B2 Ir(piq)s 1RG£ kI F F 409
AR AZ 5 . T Ir(ppy)s F Ir(piq)s Z[H) A RE it 1% 3 A AT LA
PN SN S O E R A W N N I = € . X
# L CBP. Ir(ppy)s Fl Ir(piq)s Z M FFLEL 3% 24 Ir(pig),
B Ve B LA /INEE, Tr(ppy)s ] LU Ir(piq)s BEE G, 4
Ir(piq); ¥R KA, EEEERM Ir(pig), REEL L, X
Ir(ppy)s & IEHFE AN K . 1 Fh 2 (R 1 & S AR XA o7

(b) —=—100:3:1,7;= 55.46 ns
——100:3:3, z=24.15ns
—— 100:3:5, 7=25.45 ns;

1
—— CBP:Ir(ppy)s, 71=640.64 ns
—— CBP:Ir(piq)s, 7:-802.64 ns

o

ized intensity/a.

= Nomal
s

0 1000 2000 3000

Time/ns

Normalized intensity/a.u.

Observed in 516 nm

50 100 150 200 250 300 350 400 450
Time/ns

2 (a) FEBREGIHERAEB L NKE; (D) TEBRILOIERAR LS G, NHEZR Ir(ppy)s, Ir(piq), BBRHEF
a, FTA# R E 373 nm Nano-LED #(% , B Ir(piq); BB RH M 620 nm b R&E, HAREETE 516 nm LR &

Fig. 2

(a) Photoluminescence spectrum of films of CBP doped with Ir(ppy); and Ir(piq); at different doping ratio; (b) The photo-

luminescence decay of CBP doped with Ir(ppy); and Ir(piq); at different doping ratio. Inset is about CBP doped with Ir
(ppy); and CBP doped with Ir(piq); films. The film at 100 : 0 : 3 was observed at 620 nm and The other films were ob-

served at 516 nm under excitation from a 340 nm pulse Nano LED source

2.2 HBEEEHH

MRACBAMIA LB, Y Ie(ppy)s F Ir(pig)s “HWE L
Bl —Em BN AL FER B F R Z R e L. Kk
Z [6) 1Y RE 1A% i B A W] LA Z W, (HZ006 Tr(piq)s MY REZR AL &
LA AR . PR 45 5 R AT Al o A R N L UK
Hedr R b, X FPIRAR R K IR ) (R T, X
W ESE T BT A &G, 8UE TG A [ HL a5 e 2% 08
MPERE . T F R IR RE R IR AE B OB AR E h sE . FE
T & T PIR LS R IR E 0, —Fh R IRAE R B A 4
BECA B Ir(piq)s #1 Ir(ppy)s 8%, Jish— R R IRBEAR K
TR B CEE K GAR 35 178 4 B 2R & 9 PTB7 Al Ir(ppy) s 3
Ba%, WEoTK R A8 10 VR BE S & TR T 38 40 & et RE 1 2
K 3Ca) 2k TIr(ppy)s Hl Ir(piq)s 48 % &8 11 19 v BUR GGG
PREFURRE QLR A Tr(piq) s A1 34k CBP W48 44 L il )2 100 ¢ 3,
BB IrCppy)s BY4B 2% L@l A CBP : Ir(ppy)s g 100 ¢ 1 $275
B 100 = 5, FExF L T A B 4 TR BE R R 25 11 1 R G Re 1
ME AT LI TrCpiq)s (951 A & 05 B B0 6635 o i
BT Ir(piq)s KNG, B Ir(ppy)s WBRKECEB Y
Ir(piq)s » Ir(piq)s KOG B3 T Ir(ppy)s KGR E,

IEFE A Ir(piq); BAFARM ZREBER, FRGFREH
F . BiE Ir(ppy)s B2 B 42 . S R 6B, ZEAH R
MR, A H I L s A 8 K, Al 3o D) Brs » X Ui B
Ir(ppy)s AE &4 B 7. XF bb w9 Rl 28 18 & B, SOk Bl &
Ir(ppy) s W BE 3 T 38 5, L 1 3 09 I B 0 & B o 1B 2
Ir(piq), AL 5 » X BLH Ir(ppy)s I Ir(piq)s 1 K 6 J2 AH H
M7 B X AESEBUR G A AT B THESE .

Pl 4 Ca) F1 (b) Sy 548 J AL 45 J% 4% 148 19 # 300 280 %
Ir(piq)s M5 A& 1 M ROCRFER, IF BN B Bl | R )G
BORIR I . 3 U B B B RE Y Tr(piq)s AT LLR 6.
BRI FIRBELFEBE, FARE W F. X T LUK 4
(5 (DN J-V B i — 15 BITESL . 7EIRH % B
T BEFE RO, o PR T AR T A
PRI EBE, — T8 G S B U 2 8810 v 1 B B o &
FRTEEE . AR A B BE A TR 1 R SRS N, O
FEHE— MR R AW AR AR R Unrer, 5578 LR S L
WEESHEMTHEMRELMNXER, LRER, BAH
% Ir(piq)s Hi, Ir(ppy)s By LUMO BB 4% 7 & 5 F & 41 Kl
CBP (WAHIF . AT LIE e fr . 251 REE 822 Tr(ppy)s L1109
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1021

WK RS IR Ure A8 AR 1007 S 2L 6 8 D 41 8 Tr (pi)s
Ja s ATLAUE B AR F Y J-V R LER A Ir(ppy)s BIR BT
AR KA RAE . B RESL T IR A Tr(pia)s A FR I #0007
TR EZRABE . RO 78 T A A A8 O Tr(pig)s MYB 2% iR
AEXoF 2 — A TR B B e B3 FT LA A o 2 A T A X 4 TR

2.01

0.5 1

Normalized EL intensity/a.u.

0.0 T T T T ]
400 500 600 700 800
Wavelength/nm
200 1
©
'g 150 .
< Yy 2l E
g -& 100:1:3 3
21001 - 100:3:3 E
4 A 100:5:3 A g
3 /./ g
g g
5 501 A/n 3
S :/ 10°
oT_-—-—-— —a-a-0=A"
; T - . . : y 10"
0 2 4 6 8 10 12 14
Voltage/V

& 3

FaBFRPE RS T S, A e P A B A L RS B 2 9 4 —
TR TrCppy)s He 9B AL I8 AL . 76 LR % T .
Tr(pia) s BB B BHF PR il ) 280008 AT & A - Ak + A
TERT. SECRFRCRT B S AR IR .

2.0q

1.5

1.0+

0.5

Normalized EL intensity/a.u.

0.0

400 500 600 700 800
Wavelength/nm
100 -

10°

80 ¥y

60 = 100:1

Luminance/cd-m™

Current density/mA-cm™
S
(=}
*¥
28
®.
| |
%

Voltage/V

(a) Ir(ppy)s 5 Ir(piq); £BBHEFRBETRBRALLE; (b) Ir(ppy); RSB/ HFEBRALLE; (c) Ir(ppy): 5

Ir(piq); #BRYBRFE-BE-REH#L; (d) Ir(ppy); REHGERTE-AE-TEMHEL

(a) Normalized EL spectrum of Ir(ppy); and Ir(piq); doped devices; (b) Normalized EL spectrum of Ir(ppy); doped only

devices; (c¢) Current density-Voltage-Luminance properties of Ir (ppy); and Ir(piq); doped devices; (d) Current density-

Fig. 3
Voltage-Luminance properties of Ir(ppy); doped only devices
2.3 BRERBALRHN

kT IE BH TR AE R B B R TR BRI VR s RS
HRICRG MR T H GRS KOG e 5 B7 7R Bk ol i 5
T BASEEE 500 s (Y IE ] fe B R OGRE E . IE 1] I K
L5040 ps JEINR W R . T B AR RO BRI T k=
LW TR ENRLESH T ER GRS R 2%k
R AR AR TR AL TR BE e O T Ok
MEBF BT E A R OG, SR AT N W, &4 E R bt
S AR 5 Ca) s 7E B Il O b e 4 SR 4 ALE B B I R T R
WMEHLEGSE5 K, B Ir(ppy)s BARELHIIRE . 2K
Wk 25 T B R AR I L5 300 0 L ) ) R0 A8 47, 3 136 U B
Ir(ppy)s B A9BSR, WA TREBFER 7. X FEREE A
IrCppy)s 0] LU SR HLTT . A8 S 1) i R 45 R s s 3 m DA RR I 3]
MEF R EING  XIEHEXFE KR T, BFEE
TR AR R R AR R R, U R TENE S R
Jerf, o ERM B SRS T EmBRK, B EEMR =
28 259 F 2 (8140 B /€ F (triplet-triplet annihilation, TTA)M!

T A (9 PR AR S W T S R A% 0 & RA RHIT R, X
SANRTERX ARG AGA, B 5(b) B 4= B2 100 ¢
L 3 MR TR R E T B mBUE G, ME R b
fn, S RECE Z BB R B T RS R R B S RO R
S, L0 PR BRI P R IR A RO Y R U A T R, X
BLJE N R bR AR = A BT T M IR ) R A AR S k)
ML b7 T 2o i B ) L 37 s, A B BGR EE, TR O 2 R A R
IR AL T XS 5 R BRIk @O ER R AR L B
JEE AT HEAER, BWS B G EUmE . LLE 4T
UE BT VR B R B B 1 FEAE R 2 1R 2K 0 2 8000 1, X B4 A
Bk 28 9L 7 A3 7 2 8] 19 46 B /B A (tripled-polaron quenching,
TPQ) 2 & 1 83R  iB i E L A
2.4 PTB7 M&EHMERRAZN

R T RS IR R R R BB S R FR ok o A%
i 0 &5 1 ROCBCR I, B TR HALRCMES
Ykt kL PTB7 fE R BE BB 2 8 8800 b, WA 6 () B 7R . BEA
PTB7H W E W& . 2 M re T 81 B, 3§ 8 PTB7
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2 0] 100:5:3 S0t
& Unn G
§ 107 @ 1024
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LE) 107 - G107 .
= A
-4 gett 4
10 1 oo ses 10* .
10° , : 105+
10" 10° 10! 10"
Voltage/V

10°
Voltage/V

10

(a) REI#ZZLLL 5] Ir(ppy)s, Ir(piq); HBHRHFERUER-BREFEEMELZ; () FEHBHELH Ir(ppy): BB EREFERY
RE-BEREEHLE; () FNEBHEILE Ir(ppy); F Ir(piq), £ERHERRFE-BRIEML; (d) TEIBHELH Ir(ppy): 815
FRHEERRTE-BEMRL

(a) Current efficiency-Current density properties of Ir(ppy); and Ir(piq); doped devices; (b) Current efficiency-Current

density properties of Ir(ppy); doped only devices; (c¢) Current Density-Voltage properties of Ir(ppy); and Ir(piq); doped

devices; (d) Current Density-Voltage properties of Ir(ppy); doped only devices

Forward Bias 10 V

Forward Bias 10 V

() ()
T 500 ps 500 ps . T 500 ps FF500 us .
Tlus 40 ps T/us 40 ps
ON ON
Reverse Bias-10 V 100 s Reverse Bias-10 V 00 ps
- 0.57
g [ =g 3
3 : P A045 3 4
£ 041 ' "2 S04 £ 0.4+ £
& v "E2 = g
Q ! ‘o B 8 hir
E " "8 503 8 E
7 0.3 ' -  0.31 g
&) 1 CEdo2 o £
g . 2 = 2% o
% 021 : - 'z 021 10 20 30 40
: ' ' L z 0.
§ : ' 02 4 Tsimes/“slo 12 14 g o / i
B 0.1- ER\ ! g 01 | :
E \\J < Under reverse bia — = §< Under reverse bia  ——> 1
g ~ E 0o — :
2 0.0 : 7] z 0. ) Ve
-20 0 20 40 60 80 100 120 -20 0 20 40 60 80 00 120
Time/pus Time/ps
5 (a) REEZLEH Ir(ppy)s F0 Ir(piq)s 35854 0 I= 8 4 [E B B2 25 4 1

Fig. 5

(b)iBZLEBI A 100 : 1 3 [HERRRERETERERLHSE

properties of Ir(ppy); and Ir(piq); doped device at 100 : 1 : 3 under reverse bias

(a) Transient EL properties of Ir(ppy); and Ir(piq); doped devices under reverse bias; (b) Transient EL
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2 WF5 T 76 47 HLIE B X 15 2% T 2% L 30K 6 38 0 b VR BB 2%
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z " PTB7 433155 Tr(ppy)s 36457 MIPIALE (FHIXS T Tr(ppy), Hh
00— . . . . 15 2 B PR A0 O 200 B SR 1 L T o BB 2 K Ok i
- W1, B A RS = RS BRI Ir (pia)s 76 M ¥ S B 2
B TrCppy)s B9OEREM . HEW T Tr(ppy), 18] Tr(pia), Akt
0] © W o fE IR 2 (I 5 — 5 (S . PR B2 S 2 7 1
N'S 10! ' iggi? SeFLB G K. W Ir(piq), 7548 88 W B R 4 S 45 2 28
< 0] . looas PEF TrCppy)s WUgB 20 B8 PRI BOROE S 8. A — i Ho i g
B o VERE MRS o BRI R R LR S 0] 5,
g Wh s HUECR IR T W . VRS ME R Tr(piq)s 1y o4 2970
E o0 TR BB, B Tr Copy)s B4 Bl O3 8. o T
S ] Tr(ppy) FAT — & M1 T WL BEAE JH . 2 2 B8 1 v 00 W B
) VLT« PR T 58 PR Y o T W A T R T 7 A 19 R 9 3R
e g = 105 o G 0 B2 100 P B0 K+ VR B % WG O 000 7 BRE ML IR

Voltage/V
6 AREIBZFEILFT Ir(ppy)s 5 PTB7
HERBHRRB ALt
(a): HEULEE HE- RS BE 2R (b) » HLBUROLOLIE
Ce)+ HL L %6 32 - v s ot 2%
Fig. 6 EL-properties of PTB7 and Ir(ppy);-based devices
(a): Current density-Voltage-Luminance properties of the devices;

(b): EL spectrum of the devices; (c): J-V properties of the devices
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The Influence of Deep Trap on the Efficiency Decrease in PhOLEDs
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Abstract In this paper, in order to study the effect of trapped carrierson the efficiency decrease in PhOLEDs based on double
dopants strategy, threegroupsof devices, in whichthehostwas 4,4 ’-bis (N-carbazolyl)-1,1’-biphenyl (CBP) andtheguestswere
tris(2-phenylpyridine) iridium([l[) (Ir(ppy);) ., tris(1-phenylisoquinolinato-C2, N)iridium([[[ ) (Ir(piq);)andpoly[ [ 4 ,8-bis[ (2-
ethylhexyl) oxy]benzo[ 1, 2-b:4,5-b' Jdithiophene-2, 6-diyl][ 3-fluoro-2-[ (2ethylhexyl) carbonyl]thieno[ 3, 4-b]thiophenediyl]]
(PTB7), with the emitting layer of CBP : Ir(ppy);, CBP : Ir(ppy); * Ir(piq); or CBP : Ir(ppy); : PTB7 were prepared by spin-
coating method utilizing the double dopants strategy to realize high performance PhOLEDs. Transient photoluminescence meas-
urement was used to test the lifetime of the films with different doping ratios. Asthe concentration of Ir(piq); increased. the life-
time of green emission became shorter which indicated that internal energy transfer between the dopants existedwhen the doping
ratioofthe Ir(piq); was at a low value. When the concentration of Ir(piq); increased to 100 : 3 and 100 : 5, the luminescence of
the dopants became independent, in which the internal energy transfer could be negleted. The devices with PTB7 or Ir(piq); per-
formed significantly lower power efficiency compared with Ir(ppy); only devices, in which the PTB7 and Ir(piq); had become the
traps which would influence the perfomance of the devices. Transcient electroluminanscence was investigated to penetrate how
the trapped charges work in the double doped devices. When the device was driven by a pulse power, a spike occured when the
reverse bias turned on. This was because that the trapped charges were released and then recombined under a high reverse bias.
The results showed that the device with more Ir(ppy); showed weaker spike which indicated that charges trapped by the Ir(piq);
reduced, and as the concetration of the Ir(ppy); increased, the sipke became weaker. This was mainly because that the Ir(ppy);
could transmit charges, which would reduce the trapped charges in Ir (piq);. Through the transicient electrolu minescence
mesurement, we also found that the spike would decay faster when suppllied a higher reverse bia which was caused by the deep
trapped charges releasing and then excerbate the triplet-polaron quenching (TPQ) effect. Hence, the material with deep energy
level would trap a large number of charges and then aggravate the interaction between the triplet exciton and polaron, causing the

efficiency decrease and roll-off in the PhOLEDs based on double dopants strategy.
Keywords PhOLEDs; Double dopants strategy; Trapped charges; Transient electroluminescence measurement
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