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Bl mAEW? xEel EEVT g4V fwld maegd
1) (R EL TR, ROEM B S S E R E SR =, Mo OB S8R5, 7™M 510640)

2) (THEH MO AT AR AR, 7/ 510730)

(2016 4 8 A 12 Hit3; 2016 4F 10 A 14 HEEMESA )

AT KRB R R KHEMIEYSE PR R (white organic light-emitting diode, WOLED), — /7
V52K AN R B EL 1 R G BRs 8 i H 4 A B2 (charge generation layer, CGL) 5 B SR IR H O, B & 1Bk
WOLED. H ', CGL ik 5 Bt & i tE e & Bk OB AR G EE. A i WSk OLED % F, il id 78
CGLEHBINEBHEN Ag & )82, M T . KA MR, 9l B Ag 4 )8 )= 1 400 5 B OLED
(R RFEEIE S T 290000 cd/m?, 435l 52 e R L Ag &8 2 8 0H 10 2.9 f5 5 2.4 £%; 7£ 1000 cd/m?
T, SINEEHE Ag &8 2 IR IR RCRIE R 1 59.5 cd/A, AHEL T TCHE 7 4 )8 2 10 3 BEAS 1 (1 58.7 cd /A, LA
JAE R R E B 171 cd/A, RN T 1.4% 5 248%; [FIRT, 5 JCHE M SRR L, 51N EB
Ag & B M TAEHIEMN 8.6 VIENT.2 V; ThEME M 21.5 Im/W EFF 926 Im/W. KEHIHE, 7EH]TLEM
RELRE N 10000 cd/m? FIZAE T, BLE B Ag &8 2 10 B BB R0 TAEH @y Teo B8 T 250 h, 5L )Z
FRRER AN 2.7 WA A A L, $R I 100 £, e iE, FRATVE A RAG IS 19 CGL il £ Hi s P 58 8 B WOLED, 7E
1000 cd/m® F, HIRARIEF T 75.9 cd/A, ThEMEXF] T 36.1 Im/W, H 10000 cd/m* FHIMETEE T Tso
A 77 b USRS AR TR A 4 TSR E 51N, #H] T Bphen:CsCO3 5 HAT-CN 7£ 5 I AL A L
PH, IR AEEE T R T AR RS . X — 45 RO A H AR E 1) WOLED 243 7 24 iy L .

KA AHLRBCOCEME, BEK A, BT AR

PACS: 73.21.Ac, 73.40.Lq, 73.40.Jn, 73.61.Ph DOI: 10.7498/aps.66.017302

N T i WOLED [ TAE i, WF 703 K 22 Mo
R B G HE B R SR, A TR R K/ Y R I S S O
22 AR ROt BT EEAT JE R R O T 32 e K
SRS RCR, TR T B OLED -1 5 opgs
PEAEL, H3IREE M B AT AT R A B8 v HRLIRL AR A

15 =

H Ot A ML JE = 1) & (white organic light-
emitting diode, WOLED) H T R & &2 %, K1)

Feu TTRLA S BR T, R R 5 K AR AN T
T BRI A, A SRS 52 0 ol i Ak
LW E %5 1, WOLED (83 F 0% 25 T
100 1m/W 5] R 2 H T AR 5 dy 1 B, i Ap 48 5.

HOG S, A AR [ LI B R, e R
JLER A IVIIE L, I OLED #3fF 75 ks 2K
RS . RSB it S &, A EA
ST [ R B G e A AR TR BT — AN TR,

* B 5K F RUHE RO O OR R LRI (HEHE 5 2015CB655004) [H 5K H AR BL 3 & 4 (i vl 5:61574061, 61574062). | A& A RBHE
R Gt S 2014B090916002, 2015B090915001, 2015B090914003). [~ % 48 45 37 i R B B Q13 & Mk R A A T H (it
S 2014TQO01C321). 1 [E 8 4 J5 BHF 3£ 4 (bHE 5 2015M582380, 2016M590779) A1~ #H 117 Bk 1T R 5091 &2 & 11 (it #e

5:201506010015, 201505051412482) B B 1444
T HE/E#E. BE-mail: mslwang@scut.edu.cn
1 W{E/E#. BE-mail: psjbpeng@scut.edu.cn
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FE H IR G A I SR 5l LS T B R B AR TR
ZIREJE P A B A O, g3l ) BT RS B
JCHHTIEAN. B4, L TP OLED g 570 #8
REMISZ RO, % )R8 R RR Oy B far A 2 (charge
generation layer, CGL) ['314, RAF CGL 7] PAik
115 OLED (1 g & 1H FE4E 262 LSRR 2311
P R e B A U1, A8 R R A RO T E R AR
BAFIE K. Bk, CGL JZ 7T 52 #: Bk OLED ##F
PR AR

HoAr, WF 7t 2JF a7 2R A F K CGL
SEH, ANH LRI N BB 2% /P B 2 M CGL (Algs:
CssN/NPB:FeClg) . 2L Hl P/N 458 CGL (CuPc/
Fi16CuPc). N M5 %/ 4 8 S AW/ 2 AL i )=
M CGL (Bphen:Li/MoO3/m-MTDATA) £ [17-20],
RZ I CGL ™, NS /o 7R MUR /43 R A% i
JET CGL K A S5k 1) 5, 2, it e, 4
SPRILE S E 2R —HEM AR A —RINE,
EN B 2% W TR /2 g i J2 7 CGL v,
BT AL T TR NOR S R i E
T AL P 38 40 T s 3 R R B, 2 oA
R TR 2 g0 TR, ad R
1A 53T HUIE (highest occupied molecular orbital,
HOMO) ReZf& i 2 W T HWUZ AR 5 A 70 150
18 (lowest unoccupied molecular orbital, LUMO)
REZ 42 N LB ok R AR S 22+~ J7 (1) OLED #
76, 5T T3 BAAR SR TR B2 SRR 5 RO
TR E RO TR A AR I A N B
3| EJ7 OLED #t 5 ERIRRIE AN BT H G K
g 1221

BEARCA MR BSCHRIRGE | N B A /i 7 4%
W22 R Z 8 CGL 2, B2 A X it R 24
RN B AR L I AN A B N BB DL
S LTI RS R, R FEAN A AR R DL SE G b i A2
CGL 45t iy R R ULAL, R4k CGL J= 4 2 1 )5
JZ LA AIRER SN F s, 34K S D0 A P BRSO b )
2 AR K JE AR DU 52 e R AT AR R 20 1 RE D
A 202524 {7 Y B IR AR A T LA IR 4R
IR HLUES LT S0 0 AR, (HR RS 5 s e
5 S o SN 11 O Y T < s T 4 o o i = e
K853 3 5E OLED #1 BBIF 70 #8157 i HL A i
P [25-27]

A, JA1E %6 7 Bphen:CsCO3/HAT-
CN/NPBEN B BG83 F 0 CGL 2. ML HZ
e F (18.7 cd/A), H KA AT 1 i K HLIR BOR 52
TiE2.24% (59 cd/A), HRRTAELEMINERE, ¥)

AR 25 A 10000 ¢d/m? I, Teo {45 2.7 h. i

it 7 Bphen:CsCO3/ HAT-CN Fi 1 &b 51 358 7 4
J& Ag JZ AT IEM IS, 2 IR BCRE AR T
$E1 (60.4 cd/A), BRERARAFII A A A T RIREE 1
B, LGSR Ag 2 48 14 7£ 10000 cd/m?
(I 4E 52 BE T IR To $2 136 100 i, 1A 2] T 250 h.
HRR AR R MR B R &, 1988 T & )8 Ag
2 K51 N3] 7 Bphen: CsCOs3 5 HAT-CN 7 7t
T AR PRV RE EL B, RN A2 T 300 7 (0 2 R S 4%
. fefa, TATE R AL IS 1 CGL il #% = B
) & Bk WOLED, 7£ 1000 cd/m? 525 K, HRAEER
KH] T 75.9 cd/A, DIREBFIEF T 36.1 Im/W, H
10000 cd/m? KIWJIR LT Tyo A 77 b 3X— KB
T R B AR E I 0 OLED #2451 & &k 45
S, HHT OLED B ik K .

N T EEBCHR X OLED g Rt Re, A1t 1
=G K S A NRESOLERT, BB
THE Ag )2 BRI a1, A F C OV Ag
JEE R BB AR fF. I DL B SR, TR RO B
T Ag <5 20 B R AR A R RE RO SR ST S5
wrr:

A) ITO/MeO-TPD:F,-TCNQ (100 nm, 4%)/
NPB (20 nm)/ ADN:Ni601 (40 nm, 5%)/ Bebqs
(15 nm) /Bphen:CsCO3(10 nm, 50%)/A1(100 nm);

B) ITO/MeO-TPD:F,-TCNQ (100 nm, 4%)/
NPB (20 nm)/ADN: Ni601 (40 nm, 5%)/Bebqs
(15 nm)/Bphen: CsCO3 (10 nm, 50%)/ HAT-CN
(50 nm)/ NPB (20 nm)/ ADN: Ni601 (40 nm,
5%)/ Bebqz(15 nm)/ Bphen: CsCOs (10 nm,
50%)/ Al(100 nm);

C) ITO/MeO-TPD:F,-TCNQ (100 nm, 4%)/
NPB (20 nm)/ ADN:Ni601 (40 nm, 5%)/ Bebqs
(15 nm)/ Bphen: CsCOs (10 nm, 50%)/Ag
(0.5 nm)/ HAT-CN (50 nm) /NPB (20 nm)/
ADN: Ni601 (40 nm, 5%)/ Bebqz(15 nm)/ Bphen:
CsCO3 (10 nm, 50%)/ Al (100 nm). HH' MeO-
TPD (N, N, N’, N’- tetrakis (4- methoxy- phenyl)
benzidine) #& 7% 7 N (1) £ 4K+ KL, Fi-TCNQ
(2, 3, b, 6-tetrafluoro-7, 7, 8, 8-tetracyano- quin-
odimethane) 727 7UEANB R 268K NPB(N,
N’-bis(naphthalen-1-y1)-N, N’-bis(phenyl) benzi-
dine) /& 7 /X A% i #4 kBl; ADN (anthracene, 9,
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10-di-2-naphthalenyl) & £ ¢ & 44 #1 ¥}, Ni601
& M Nichem 2 & 1 & 1) ¢ €4 5% 6 % 15 # K
Bebqa(bis(10-hydroxybenzo[h]quinolinato) beryl-
lium) #2 FL A& %A1 KL Bphen (4, 7-diphenyl-1, 10-
phenanthroline) 5 CsCO3 73 5l A N 8 78 4 R (1)
TG ZAR KL, HAT-CN (hexaazatriphenylene-
hexacabonitrile) & % JIEANRLAL KL 5B 1)
gER N B L B CGL 2 RE B 1 FR.
anfE iy B AR g R a0 R SEER TRk I ITO JR 5
170 nm, FFEEFLAN 10 Q/0. #4772, S
H TTO FE AR 22 B 7 T e L e R e VR 5 4 K AT
A E YR 3 min, EE B R R I E T 80 °C KL
FA T8 20 min. 285 ITO HEBTIN B AN
2 x 1077 Torr F) A2 R th b AT 1 28 289, 28PN
Fr A G5 B BT RIS TOE N JZ T A6 51 AL 45
AP PN R 28 2N 0.1 nm/s, BB
A& BMZEYEER N3 nm/s. CCLET#BHESR
Ag ZZRYEEFN0.01 nm/s. #eF &2 5 B
BAFEAAE BRI T ] B 3 2 2 5 M S iR 2t
ITEPRE, BRJGAE R N AT UIH, T 28R Y
RACHAN 3 mm x 3 mm, &G PR R it
CS2000 HEAT KA, A G7R L HUE L JRE)
JEEEVEREZ H Keithley 2400, Keithley 2000 5%t
TR R N BRGNS

_|

2.4 eV

Al
Bphen:CsCO3
Bebqs
ADN:Ni601
NPB
HAT-CN
Ag
Bphen:CsCO3
Bebqa
ADN:Ni601
NPB

ITO 9.0 eV

(a) (b)

1 (MTIER) (a) RS HREE; (b) CGL 45
HIRES

Fig. 1. (color online) (a) Structure diagram of tandem

Bphen

J’_
CsCO3

device; (b) energy level diagram of the CGL.
3 HERE®

B2 7 5l S = Fh 88 1 45 A4 1 FRL IR 2 E -
E-smEdhgk. AWE 2l DL R E H, #4FA,
B, CHIATHIE 7 N28, 5.6, 5.2 V. #/+B
(3 7% i R W T 2 B 2 8 E A PO A, W T

Bphen:CsCO3/HAT-CN/NPB ) CGL J2H % K
UF B R AR RS A B Ae 0. W1 (b) Frow, 1EIK
B TE R 7 /E AR, HAT-CN 5 NPB 5t
THI Kb K T B — J2 R Bk X 3 280 NPB A kL A 1) s
TH ¥ HAT-CN ¥ 5| HE:4 H LUMO fe 4% M N
BB AL RE BT 7 RGBT AT E A
NPB H 5 42 1) 2 7R - WIAE Bz 7 R 1) B350
RAHITCHIRICE AT N, W52 H ALHK
AT EA K6 PY. i HAT-CN ) LUMO
BEZ N 6.0 eV, 5 NPB [t HOMO RE 2% AHiT, f# 15
CGL 45 6 #0117 A2 5 4 28 e il 3T, 78
YRR T G5 M . MRRE SR . A C S
Z4FBAHEL, 7E Bphen:CsCO3/HAT-CN 5[ 34 i1
T05 nmMEBHAg & B ZE, B4 E B EIEHE
B A R RS 38 i s, BRI T, A
BRECHEZHELRHEBMKO4L V. EANE
B2, ZHBMP, BHCHRKEGREE
F7 290000 cd/m?, 8zt & T 25 A MBI
100000 cd/m?2 F1120000 cd/m?. B3 LR R 1535
N = AN TR SR A P o P -2 th 2 T 5 2 R 1k R
M. NE3RT LR, S A, B, CHIHIR
RALE 1000 cd/m? 4358 17.1, 58.7, 59.5 cd/A. #
EET B 2880 A, HRICES AT B (1 B R LR R I 3R
K, AR T RERAR 346, iEm T
240%.

3 3.0
10 E —=—Device A
o102 —e—Device B
‘E f —a—Device C 12.5
© 10t
< 10 [
g 42.0 =
> 100% =
p=1 el
2 10— {15 ©
£ 107! R
° =
— ~
g 1072 1.0 =
£ 3
= 10—
© {0.5
104
10-5 L 10
0 4 8 12 16
Voltage/V

B2 (MTRE) =4 E RS0 s - e B it 2
Fig. 2. (color online) Current density-voltage-luminance

characteristics.

S CHI IR KA R ER KT HIFAS S
EB, XK y: 1) B & 5 AR B R 25 5 T
g, ReRCER-RENTWE, R&EMFC
bU 25 A A B dee K e 2 R ) 2) ol T o IR AR A
R A BT B R R AT AR T )
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BIRKEmM, R ZBRETHESM TS REMAE
A% 7 TR (¥ A ELAR RS R R S 01 TR A %
B, C M K5 BT 3) B Crh, BT
48 Ag 2 9 51 N (Bphen:CsCO3/Ag/HAT-
CN/NPB), Bphen:CsCO3 5 HAT-CN [¥IAH B4 #
TR B T, [FIES H HAT-CN 5 NPB 5t
THI 2B B H - 20 1T DL 3 B 2 A0 B T J
WEANBINMB R E D, £ T TRITHRGE
hRE G, REAMRHRFCHRE R EELSBMGBE
KBU T 5E CGL H il Ag 4 )& 2 51\ R
RBEEAR T IVEN, ATEI THREGL 5 G2, &
PEZEFIA: Device G1, ITO/MeO-TPD:F4-TCNQ
(100 nm)/NPB(20 nm)/ HAT-CN(85 nm)/Ag
(0.5 nm)/BPhen:CsCO3 (10 nm, 50%)/ Bebqs
(15 nm)/LiF(1 nm)/ Al(100 nm); Device G2,
ITO/ MeO-TPD: F,-TCNQ (100 nm)/NPB (20
nm)/ HAT-CN (85 nm)/BPhen:CsCO3 (10 nm,
50%)/Bebqs (15 nm)/LiF(1 nm)/Al (100 nm). 4
Bl 4 fios, FEMFEETS, SIANT B Ag &8 )=m
Device G1 R ZEHE KA RE AgcEBE
] Device G2 K. MK 2 FIEFERT LAE H, #84F B
FEAE CARLE, AHE IR R T, &8 C 1
L B TR, X [RIRE UG T 8 8 Ag 2
NAEA %A 20 CGL JZ W80 1 10 40 i AL i, I
MRS B 7R GF R AR . TE IR AR 7,
IR 8 C o v PR FLVR R — T THI A 28 T e U
Bphen: CsCO3/HAT-CN/NPB %! CGL (I1EH, A
— 7 THI 5 A B BRIk 2 S R e A Ok [0,
L2 14 B, C, /£ Bphen:CsCO3/HAT-CN FL1i
N T MR &8 Ag 2 5, as R R R &

#1

AU, KB TR Ag EREA IR
XEEAT T T AR R AT AR HE S )
g IPNIEAN

60

60 A
150

40 -

20l 140

e

7
b =
< ol —a— Device A 130 =
3 —e— Device B i
B 20 N 4 aaa —a— Device C .
[N %0000 A—a—a 4 A A ‘- 20
— oo o o
—40 pun.g_g o ° *
g . 110
—a— g ™
—60 |
L L L L L 0
0 0.5 1.0 1.5 2.0 2.5 3.0

L/10* ¢cd-m—2

K3 (MTRE) =R SRR - K

Fig. 3. (color online) Luminance-efficiency character-
istics.

700

—=— Device G1: Bphen:CsCO3/Ag/HAT-CN/NPB

600 —e— Device G2: Bphen:CsCO3/HAT-CN/NPB
0
E 500
<
g 400
~
Q B
5 300
g
5 200}
O

100

0 A
2 4 6 8
Voltage/V

4 (MTIRMG) fLEE Ag s EE CGL 41 H

JE - HLJ 2 R 2
Fig. 4. (color online) Current density- voltage charac-
teristics of different CGL with or without Ag.

AR R

Table 1. Performance summary table of different devices.

At L = 1000/cd-m~2

Lifetime @10000

fedm™? [ed ATt /ImW™! v v J/mAem™? LE/cdA~! PE/ImW~!

cd/m? Tgo/h

Von/V Lmax LEmax PEmax
A 28 100000 18.7 12.8 4.2
B 56 120000 59 25.9 8.6
C 52 290000 60.4 27.9 7.2

7.2
1.7
1.7

17.1 12.8 45.5
58.7 21.5 2.7
59.5 26 250

TE: Von RREFTE 1 cd/m? W TAFHIE; Limax, LEmax, P Bmax 23BN e F R TAE S BORHTRRCR |
RRKDIFYE; L, V, J, LE, PE 53 i3 mas 5 BB BT LR L LR AR DR Teo RN 77

AT L AR UG L 80% T FHFXI I [A].

£ OLED MBS, Tha 38 o — K S
. B3R T B A, B, CHT/EZRE -Thdeiik
PERE. MWE 3R 1R a] LR H, 2344 C s kIh

RIQFIER] T 27.9 Im/W, EL2EEB 1 25.9 Im/W
5IMHEAMI128 Im/Wi, BEZ2HRZHMHAR
IR AHIE ) AR T S E i D R EAME R

017302-4
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Wk S AR B SEAIG A0 B Bl R 5 SEAR IR R U
A, FRE R R Z A B B & 7B AR AR
H WA CMIRBFRP S TH4EB, Uil 1
W Ag J2 1 5T NASAS R R o 1 Bk ) L B
&7, KLY T Bphen:CsCO3/HAT-CN F i
R 4 R Ag 2 T MR ER AR Y.
82 b, ££1000 od/m? [ TAESE TR, 244 C 53]
HE S8 EBHIEEASG VIR T 7.2 V, BRIKT
1.4V, XTCHERE R ARG 24T A WL kLS St
(R Ak, A6 T 3R A o A e LA oL,

10000

9500 —-— Device A
—eo— Device B

9000 | —a— Device C

8500 Tso =250 h
= 8000 .
T 7500 h :
> 8
~ 7000

6500

6000

5500

5000 L L L

0 50 100 150 200 250
Lifetime/h

5 (MTIRG) ARG A R

Fig. 5. (color online) Lifetime of different devices.

21

18+
—a— Device A
15L —eo— Device B
—4— Device C

12+

Voltage/V

A adddbdddd

9 |asdasdass

| o

0 50 100 150 200 250 300 350
Time/h
K6 (MTIR#E) ZHA R AR -5)3) f s 2k
Fig. 6. (color online) Lifetime-voltage characteristics of

different devices.

N TR SR Ag 5B 5] NBESE = R AR
PR R P, IRATE T = HA R 2410 TAE
. W5 FroR, W46 52 10000 cd/m? il
KT, BEARAE A TAER Ay Teo N 45.5 h, Tl
MEE Ag ZME BB T/ESMmEZ, (N
Tyo = 2.7 h. AN, AT HEES)E Ag 2184
PEC, H Tyo WL T 250 h, HegstE BT T 91 1.
aF C TAEF mr 942 B3 2 42 i T CGL H Bphen:

CsCO3/HAT-CN F [ 4L 0.5 nm 5 FE 1 8 4 4 )&
AgJZi&E R, BB, Bphen: CsCO3/HAT-
CN/NPBM CGL &M {Em I EH T, NE
e ¥ E RS T 2 5 HAT-CN MR AT 48 B 11
B R, T2 CGL 2 AR 307 1 2E
5k, A4S a8 1R A A o R FE IR, 38 BB
B TR AR E P N SR AgZ 1
51N, ANMEFAEE T Bphen:CsCO3 /HAT-CN Fii b
H &7 A B8, 14 A8 ) HAT-CN 1 4%
i kR ) HL T 22 B o AR SR O RO E N BN Y
52, kb ST A (g LG R BR 0L AT {3 A e
i ke 5 AR e MR AT B3R i B X — AR T A
ML S o 854 B B 5% B2 B A A C i [ IR 15 2HIE
B, 5 —J T A] AL 6 R84 B RIS CTE KT
[ B 1L 58 RO P R S 2R R T, LR Bl L R AR 4K
TH DL, #81F BAETF4A 5210 50 h 3R 3 f e
P i 12.5 VIFE#I20 V, THE T 7.5 V, B8
7 3% T Bphen:CsCO3 /HAT-CN F1H 5
5B, #1453 CGL 2 HH 80 7 1 2R i 4
BIfE 1A 2, R TAE AL TR OHERR, S 4
75 TR] P P IAC 2860 5 0 23t o S v 1) 0K ) r e 59
MastE C mTHEE R Ag /2T, CsCOz 74
JETE R Cs™ B 1K 22 3% BH R /£ Bphen/HAT-CN
ST, MM #9255 HAT-CN ¥ BHE % Cst-(HAT-
CON)~ JEAMINEIR FIENN RS, 780 ke TR
T ¥ 4 e (2504 (4 R 2R 4R TE 1 250 b, 2%
1 C 1A B 3h 8 He 5 W 46 I AR BEAO e 1 1
VA, RFFT REFFREME. 55— H, 28 E
WK Yu % PO AR R, FIREREARRE 331 C F
SEMEA IR, Yo 2w 7R B, 24 OLED %% 14
R R JE B RS I, R T S 2 Bk
Ziky. RSP SINK) Ag &8 IE 0N 0.5 nm [
J=, HAE Bphen:CsCO3/HAT-CN Ft[f] H1 (] By R 25
) fe 34 K Ag 4 J& I ¥ 5 Bphen St HAT-CN #4 K}
(o e TH B, AT BEAIG CsT-(HAT-CN) ~ 2 i 1) Ak
,FE TR, (B2, &8 Ag 25 B4k
SR N IEINZE (AR S8 B NN B S R
RS T8 N ) L2 S o o R G G

FIH & AgEICGLE M Ja, it T —4
B R 6 48 fF Device D, 45 # 4: 1TO/MeO-
TPD: F4-TCNQ(100 nm, 4%)/NPB (15 nm)/
TCTA(5 nm)/ PT-604:Ir(dmppy)2 (dpp) (40 nm,
20%)/ Bepps (15 nm)/ Bphen: CsCOgs (10 nm,
50%)/Ag(0.5 nm)/HAT-CN(85 nm)/NPB(20 nm)/
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Fig. 7. Spectrum of device D (inset: the lifetime of
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Abstract

White organic light-emitting diodes (WOLEDs) have attracted both scientific and industrial interest in the solid-
state lighting and display applications due to their exceptional merits, such as high luminances, low power consumptions,
high efficiencies, fast response times, wide-viewing angles, flexibilities and simple fabrications. The power efficiency of
WOLED has been step-by-step improved in the last 20 years, however, the lifetime of WOLED is still unsatisfactory,
which greatly restricts the further development of WOLED. In general, the tandem structure can be used to obtain
high-efficiency and long-lifetime WOLED. One of the most important features of this kind of structure is that the
different-colors emitting units can be connected by the charge generation layer. Therefore, the key to achieving a high-
performance tandem device is how to design the charge generation layer. In this paper, we first develop a tandem
green OLED by using an effective charge generation layer with an ultra-thin Ag layer between 4, 7-diphenyl-1, 10-
phenanthroline:CsCOs and hexaazatriphenylenehexacabonitrile, achieving high luminance, low voltage, high efficiency
and long lifetime. The green tandem device with ultra-thin Ag layer (device C) obtains a highest luminance of 290000
cd/m?, which is 1.4 and 1.9 times higher than those of the tandem devices without ultra-thin Ag (device B) and single-
unit device (device A), respectively. The driving voltage of device C is 7.2 V at 1000 cd/m?, 1.4 V lower than that of
device B. Besides, the maximum current efficiency of device C is 60.4 cd/A, which is 2.4% and 220% higher than those
of device B (59 cd/A) and device A (18.7 cd/A), respectively. The power efficiency of device C is 26 Im/W, which is 21%
higher than that of device B (21.5 Im/W). Moreover, the lifetime (Tgo) of device C reaches 250 h at an initial luminance
of 10000 cd/m2, which is nearly 100 times higher than that of device B (2.7 h). Finally, we fabricate a white tandem
device with the optimized charge generation layer, achieving a current efficiency and power efficiency of 75.9 c¢d/A and
36.1 Im/W at 1000 cd/m?, respectively. In addition, the lifetime (Tso) is 77 h at an initial luminance of 10000 cd/m?. All
the excellent performances are ascribed to the introduction of the ultra-thin Ag layer into the charge generation layer,
which can effectively block the charge generation layer from diffusing. This exciting discovery can provide an effective

way to design efficient and stable WOLED, which is beneficial to the solid-state lighting and display markets.

Keywords: organic light-emitting device, tandem, lifetime, charge generation layer
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