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Fig. 1. Chemical structures and detailed energy level diagram.
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Fig. 2. (a) J-V characteristics of hole only devices and electron only devices; (b) the photoluminescence
spectra of TCTA film, TmPyPB film and the co-host film composed by TCTA : TmPyPB.
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Fig. 3. Electroluminescent characteristics of blue OLEDs with different proportion of co-host: (a) J-V-L characteristics;

inset is the EL spectra at 6 V; (b) external quantum efficiency and power efficiency-current density characteristics.
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Fig. 4. Electroluminescent characteristics of green, orange and red OLEDs: (a) J-V-L characteristics; (b) exter-
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characteristics; (d) EL spectra at 6 V.
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Fig. 5. (a) J-V-L characteristics of WOLEDs; (b) external quantum efficiency and power efficiency-current density
characteristics of WOLEDs; (c) EL spectra of three-colors WOLED at different voltages; (d) EL spectra of four-colors

WOLED at different voltages.

#2 WOLEDs 6k
Table 2. The characteristics of WOLEDs.

CE/cd-A™1 PE/lm-W—! EQE/%
WOLEDs Von/ V2
MaxP 1000¢ MaxP 1000° MaxP 1000¢
—URE 2.75 52.0 51.6 53.5 42.6 17.1 16.6
DY % B 2.89 14.9 14.8 13.6 10.0 11.2 9.1

2 TEREN 1 od/m? B RHLE; P #5im IRER;© LR N 1000 cd/m? B [FIREER.

AN, AE DY B AR R A F b, R XU 1
6] b )= 208 TCTA R B /=, WF7E 1 # TCTA #1 K}
55 XURR A A ORE XS &5 5 1 RE 1) 22 R, AR AE R N
ITO/MoO3 : TCTA(2 : 3, 35 nm)/TCTA(17 nm)/
FIrpic(0.4 nm)/TCTA(3 nm)/Ir(ppy)zacac (0.06
nm)/TCTA(3 nm)/PO-01(0.13 nm)/TCTA(3 nm)
/Ir(piq)2(acac)(0.13 nm)/TmPyPB(40 nm)/LiF

(1 nm)/Al (120 nm). K 6 frzx, TCTA {ENIH]
B 2 11 DU 33 B WOLEDs [ 55 K LR 2803 A i K 2
RIMR P HIN115 cd/AF112.7 Im/W, KT XX
PR B Y IR B J2 DU S Bt WOLEDs. 516 (d)
Fn6 VI GRS LI, TCTA 1B ARG Z 1
VU 3% Bt WOLEDs # (X 21 5o, HoAth R etk
JUPARER I, CRIMY51.8. X Ut B8 #5434 78
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TCTA 5 TmPyPB K 14, H & & GH R
e AL IR 5. CLTCTAENE K Z K LS M
PERME R (8185 2 48 A I AR PEREXT L LR 3.
AT, fE RS 248 KO /= M WOLEDs H 5| i3
BRI A R KL, 7 LA 25t 3 = # 1F 1 Be A1 CRIL

FeE O 2 RN & ROk 2 a1 A2 e 1 g
AL B YR IRIE, BT BEE B R R
0 BT R A AR 199931 B 7 (a) BT, K Flrpic
LSRN E SR oA v b S X SR ECE | P ) bl
JiE Flrpic (470 nm) MBS EHUKOGA3 6779 0.95 ps
(11), 28J5 % Flrpic J Ir(ppy)2acac 18 JI& [ B 4 A

250
10*9 (a)
4200
T 1034
g
o] 4150
O
S~
% 102_
£ 4100
)
14
a3 10 150
—m—TCTA:TmPyPB
—@—TCTA
100 T T T T 0
2 3 4 5 6 7 8 9 10
Voltage/V
20
(c) —8— TCTA:TmPyPB
n —@— TCTA
Z 154
E
~
N
Q
=
g 10 A
S
&
[}
-
:
g 51
~
0 T T T
0.1 1 10 100

Current density/mA-cm~—2

6 TCTA{ENMEIE)Z 5 TCTA : TmPyPB 1EJyla] [ )2 11 14 B WOLEDs [ R BUR 6 e

]
|

Current density/mA-cm

MRNEIR A AR, #5508 3 nm, Flrpic HIBF &6
ORI FF A AR 0.60 ps (r2). MR A P

(1)

Mt 3 3 52 1) E R ner N 36.8%, XIEW]
7 Flrpic 5 Ir(ppy)2acac Z [EfF{ERE AL . [FIRY,
3 A3 3RS 2= 1 28 6 I Tr (ppy ) 2acac (520 nm)
FRE e PO-01 (560 nm) I BF A BUR 6 F A
5328 0.96 F10.51 ps. 2RJ54 Ir(ppy)2acac K PO-
01 e 152 [ B 43 AN RURR PR VR S AR BE S8 3 nm,
Ir(ppy)2acac B EUR 6 A7 i PR N 0.62 ps,

ner = 1 — 72/71,

20

(b) —&— TCTA:TmPyPB

—@— TCTA

15 A

10 A

Current efficiency/cd-A~!

0 T T
0.1 1 10

100

Current density/mA-cm~2

(d)
—&— TCTA:TmPyPB
—@— TCTA

EL intensity/arb. units

0.0 -

T T
500 600 700

Wavelength /nm

(a) IR -1 I 3%

400

FERFIE; (b) HURACE - R A FERFIE; () THARR - i it FEARr I (d) R 6 VIR IR
Fig. 6. Electroluminescent characteristics of four-colors WOLEDs with TCTA interlayer and TCTA: TmPyPB

interlayer: (a) J-V-L characteristics; (b) current efficiency-current density characteristics of WOLEDs; (c) power

efficiency-current density characteristics; (d) EL spectra at 6 V.

# 3 JYBB WOLEDs ~ TCTA FAHIXU M 3 A 544 (1 1 g
Table 3. The characteristics of four-colors WOLEDs with TCTA interlayer and TCTA: TmPyPB interlayer.

CE/cd-A~1 PE/Im-W—! CRI
WOLEDs Von/V 2
MaxP 1000° Max P 1000° @5V @6 vV
TCTA [FfE )2 2.8 11.5 9.41 12.7 6.92 33.6 51.8
KUK 17 B /2 2.89 14.9 14.8 13.6 10.0 91.8 89.9

aTEEN 1 od/m? B FHLE; P SR AR, © M3T N 1000 od/m? B HRCE.
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HASEHBE ngr = 1 — 0.62/0.96 = 35.4%;
PO-01 % Ir(ppy)2acac 85 [7] B 48 N SRR 1 VR & 44
Bheb, BEBN 3 nm, PO-01 MBS SR N dr e
K40.22 ps, HEEEHBEFE ngpr = 1 —0.22/0.51 =
56.9%. H A I, Ir(ppy)2acac 5 PO-01 2 [a] B
K PO-01 5 Ir(piq)s (acac) 2 [8] 9 17 7E fE & 1% 1.
K 7 (b) B~ N Y 3 Bt WOLED [#) R A% 18 A1 K 6
JRELPE. FAN, TR IR A MR R AR5 A4t
RAZ W RS T RGZ BT IR EE, Wb T
TRAE-SEREEEK, R TR Rase i P,

1.0
(=) — Blue
0.5 \ Blue-green
£ 1.0 T
g 1
. | Green
2 [
5 0.5 Green-orange
z |
]
3 1.0
|®)
Orange
0.5 v Orange-red
0 T f y T T T
0 1 2 3 4 5
Time/ps
(») )
0_0.0.0.00 09—
< 4
3 o eE ﬁﬁ@* o
iz #ig g &
= = &
|:(>® cNCECNONONCNONG

K7 (a) BB KSR BE S CBURO R 47 B0
T e e T PO W 2 D0 BURO 75 i B DTG TR 2 B 417
RSB (b) Rei L KRG &

Fig. 7. (a) Transient PL lifetime of blue film and
blue-green film, transient PL lifetime of green film and
green-orange film and transient PL lifetime of orange
film and orange-red film; (b) schematic diagrams of

the energy transfer and emission mechanisms.
N ﬂ: D
4 REERZ

gx Bk, 5B WK L R R R Pk
B AT B 2 5 M, R A5 T @ A Bk AR E 1
WOLEDs, H40F 7 AN [F & 6k 2 8] fig & A% i3
MAFLE. = BORI DU % B WOLED [ f5 i1 30% N
52 cd/A (53.5 lm/W) F113.8 cd/A (13.6 Im/W),
B ANE TR N K 17 1% F11.2%. 465

F 15950 cd/m? I, =i Bt WOLED ) {4 AL b )
254k ACTE A A (0.005, 0.001), P43 Bt WOLED f{)
Bt fe 40 92.7. AL, 8556 OLED i 881477
B E RUAE, KR hmT =488 Wb FiEx
(triplet-polaron annihilation, TPA) J& % 1) B i&
I POl FERRAT A 2R, R A T RO
2 (<1 nm) FOBUR IR AMRL, °T AR 58 807 7 fi
X a0 RO 2 F T VR BE, TR G, TPA K4k
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Abstract

In this paper, efficient phosphorescent white organic light-emitting diodes (WOLEDs) with stable spectra are
fabricated based on doping-free ultrathin emissive layers and mixed bipolar interlayers. To achieve WOLEDs, at least
three kinds of light-emitting layers, i.e. blue, green and red, are needed. The traditional method to fabricate emissive
layers is by co-evaporation, which can improve electroluminescent efficiency. However, the co-evaporation rate and dopant
concentration are difficult to control, which leads to a bad reproducibility and thus goes against commercialization. In
order to simplify the structures of WOLEDs and improve repeatability, several doping-free ultrathin emissive layers are
used in this paper with 3 nm mixed bipolar interlayers separating them. The optimal ratio of bipolar hybrid material is
determined by hole-only device, electron-only device and blue phosphorescent OLED. In addition, green, orange and red
monochromatic OLED have also been fabricated separately, which are used to prove that mixed bipolar material is also
suitable for the three phosphorescent emitting material. The WOLED with TCTA interlayers is fabricated to confirm
that mixed bipolar material is beneficial to the characteristics of WOLEDs. The energy transfer process between different
emitting materials is verified by studying the transient photoluminescence lifetime. The maximum efficiency of three-color
and four-color doping-free WOLED are 52 cd/A (53.5 Im/W) and 13.8 cd/A (13.6 lm/W), respectively, and the maximum
external quantum efficiency of three-color and four-color doping-free WOLED are 17.1% and 11.2%, respectively. Due to
the sequential energy transfer structure between different emitting layers, the Commission Internationale de L’Eclairage
coordinates shows a very slight variation of (0.005, 0.001) from 465 cd/m? to 15950 cd/m? for three-color WOLED. The
Commission Internationale de L’Eclairage coordinates shows a variation of (0.023, 0.012) from 5077 cd/m? to 14390 cd/m?
for four-color WOLED. The four-color WOLED shows a maximum color rendering index of 92.7 at 884 cd/m?, and it
reaches 88.5 at 14390 cd/m?. In addition, the lifetime of phosphorescent OLED is usually poor due to the trap formed
by triplet-polaron annihilation. The exciton distribution can be broadened and the exciton concentration can be reduced
by using ultrathin light emitting layers (< 1 nm) and mixed bipolar interlayers. Therefore, triplet-polaron annihilation

will be reduced, and the lifetime of OLEDs will be improved.

Keywords: white organic light-emitting diodes, doping-free, bipolar hybrid interlayer, ultrathin emitting

layer
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