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Abstract: This paper mainly investigates the device structure of fluorescent/phosphorescent hybrid WOLEDs and
their impact on exciton utilization, and further analyzes its underlying mechanism. In the fabricated WOLEDs, the
emissive layer is composed of an aggregation-induced emission (AIE) material TPB-PAC exhibiting high fluorescent
quantum efficiency in film and an ultrathin yellow phosphorescent layer of Ir (tptpy), (acac) incorporated into the
TPB-PAC layer. It is experimentally found that the position of the inserted phosphorescent ultra-thin layer significant-
ly influences the device performances. Through optimizing the ultra-thin layer, the high-efficiency, low-roll-off two-
color fluorescent/phosphorescent hybrid WOLEDs with a maximum external quantum efficiency (EQE) of 25.31%,
a power efficiency of 85.80 Im*W™, and a current efficiency of 81.34 cd*A™" are achieved. At the luminance of

1 000 cd*m™, the EQE keeps 23. 19% with CIE coordinates (0. 43,0.43), exhibiting standard warm white light emission.
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Fig.1 (a) Schematic diagram of TPB-PAC blue fluorescent OLED device structure and the case of determination of exciton

recombination by inserting Ir(tptpy),(acac) phosphorescent layer. The orange line indicates the incorporated Ir(tptpy),-

(acac) ultra-thin layer. (b) Molecular structures of Ir(tptpy),(acac) and TPB-PAC. (¢) EQE-luminance characteristic of

the blue device. (d)EL spectra of the blue device at different voltages
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Fig.2 (a) EQE-V characteristics of the fabricated OLEDs with Ir(tptpy),(acac) ultra-thin layer inserted at various positions in

the AIE blue EML. (b)Exciton distribution profiles under different voltages
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Tab. 1
tions in the AIE blue EML

Summary of the EL performances of the fabricated OLEDs with Ir(tptpy),(acac) ultra-thin layer inserted at various posi-

Device V.V EQE,__ /% EQE, /% L, /(ed-m™) CIE(5V)

B4D0 2.8 12.61 12.55 12310 (0.30,0.27)
B4D2 2.8 16. 07 13.51 13311 (0.32,0.29)
B4D5 2.8 14.28 12. 01 9994 (0.27,0.23)
B4D8 2.8 15. 44 12.10 9764 (0.27,0.22)
B4D11 2.8 16. 13 10. 45 10 703 (0.28,0.24)
B4D14 2.8 14.22 11.89 9189 (0.25,0.20)
B4D17 2.8 14. 46 13.18 11966 (0.29,0.26)
B4D20 2.8 12.62 12. 46 17017 (0.31,0.28)
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Fig.3 EL performances of the fabricated OLEDs with different thickness ultra-thin phosphorescent layer inserted at 11 nm. (a)

EQE-luminance characteristics. (b) PE-CE-luminance characteristics. (¢) Current density-voltage (J-V) characteristics.

(d)EL spectra at 5 V voltage
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Tab.2 Summary of the EL performances of the fabricated OLEDs W 1-W4 with different phosphorescent ultra-thin layer thick-

nesses inserted at 11 nm

Device V.V EQE_/% EQE,/% PE_/(Im:W') CE_/(cd-A") L /(cdm?) Roll-off/% CIE(5V)
Wi 2.6 16.52 12.57 40. 48 42. 34 10 974 23.9 (0.25,0.20)
w2 2.6 17.69 14. 10 47.08 47.98 13 143 20.3 (0.29,0.25)
w3 2.6 16.78 13. 80 43.75 45.17 15552 17.8 (0.29,0.26)
w4 2.6 16. 46 14. 20 42.13 44. 41 16 021 13.7 (0.30,0.27)
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FILLE B G 2 R B, a2
VR B AE AN Wl /] | [R] BS54 B 4y, ik 6 Y
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X/TPB-PAC (6 nm)/Ir (tptpy), (acac) (0. 16 nm) ¥/
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Tab.3 Specific position parameters for the inserted three
phosphorescent ultra-thin layers into the EML in de-
vices. Here, X represents the inserted position of ul-

tra-thin layer, O represents no insertion of ultra-thin

layer
e X/nm Y/nm Z/nm
w5 2 8 11
w6 2 0 11
w7 2 8 0
w8 0 8 11

LS FI 3k 4 0] LLE B, A 1F W5 Y 5 R
EQE .PE fl CE 73 7l i5 8] T 25. 31% .85. 80 Im- W'
F1 81.34 cd-A™, fx K 5¢ FEH 30 778 cd-m™, 7E
1 000 cd-m™ %5 B F A9 EQE & 23. 19%, CIE A4 bR
(0. 43,0.43); 24 F W6 iy i K EQE .PE fl CE 4
3K 22. 53% .70. 47 lm- W 1 67. 91 cd-A™", & K
55 31 385 cd m™, #E 1 000 cd-m™ 5% T 11
EQE y21.21%,CIE 42 F5 2 (0. 42,0. 42) ; 8¢ F W7
1) f: K EQE . PE #l CE 43 %1}y 22. 58% .77. 65 Im*
W AI71.96 cd-A™, i K5EFEH 30 394 c¢d m™, 7E
1 000 cd-m” %5 & F i EQE & 20. 88%, CIE 44 b5
J9(0.41,0. 41) , = A g FHAR 2R B B o 1Y B2 16
KA. #AF W8 1Y B K EQE. PE 1 CE 43 5l b
18.22% .52. 42 Im* W' J2 52. 64 cd-A™", e K 5% JiF
923703 cd*m™, £ 1 000 ed*m 32 T H) EQE N
16. 53% , CIE A& b5}y (0. 34,0. 32) , A b fE R4
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Tab. 4 Summary of the EL performances of the fabricated hybrid WOLEDs inserting multiple phosphorescent ultra-thin layers in EML

Device V., /V  EQE_ /% EQE,/% PE_/(Im-W™"') CE_/(cd-A™) L _/(cd-m™) CRI CIE(5V)
W5 2.8 25.31 23.19 85.80 81.34 30778 42 (0. 43,0.43)
w6 2.8 22.53 21.21 70. 47 67.91 31 385 44 (0.42,0.42)
w7 2.8 22.58 20. 88 77.65 71.96 30 394 44 (0.41,0.41)
W8 2.8 18.22 16.53 52.42 52. 64 23703 58 (0.34,0.32)
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