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Supplementary Figures
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Supplementary Figure 1 | Schematic diagrams showing energy transfer mechanisms. FRET
(Grey solid lines with the arrow) stands for F&sster energy transfer, DXET (grey dash lines with
the arrow) for Dexter energy transfer, PF for the prompt fluorescence, DF for the delayed
fluorescence. B is the blue emitter DMAC-DPS, O is the orange emitter FDQPXZ. ISC denotes
the intersystem crossing, and RISC indicates the reverse ISC.
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Supplementary Figure 2 | Current efficiency of the reference fluorescent devices. Current
efficiency-luminance characteristics of the white organic light-emitting diodes (WOLEDs). a) and
b) are the reference devices, single-emissive layer-based and conventional double-emitting layer-
based WOLED:s, c) the proposal novel device structure using the concept of orange TADF emitter
dopant sensitized by high-energy level blue thermally activated delayed fluorescence (TADF)
host, realizing higher efficiency and lower efficiency roll-off. The inset exhibits the detailed

device structures.
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Supplementary Figure 3 | The refractive index of all the materials used in simulation.
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Supplementary Figure 4 | The emission spectra of two emitters adopted.
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Supplementary Figure 5 | Simulated photon distribution. The simulated photon distribution of
all loss channels in dependence of the electron-transporting layer thickness in the blue and orange
organic light-emitting diodes.
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Supplementary Figure 6 | The flat emission spectra at different angles.
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Supplementary Figure 7 | Position of the quenching sensing layer.
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Supplementary Figure 8 | Normalized emission intensity after inserting the sensing layer.
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Supplementary Figure 9 | Relative exciton density distribution in DPEPO emitting layer.
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Supplementary Figure 10 | Position of the quenching sensing layer.
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Supplementary Figure 11 | Emission spectra of w/ and w/o sensing layer of single W1.
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Supplementary Tables

Supplementary Table 1 | Summary of representative fluorescent white devices.

WOLEDs Ref. Von EQEmax PEmax CIE(x,y)?  CRI9
[VI? [%6]” [Im/w]°
Fluo. dopants-based 1 2.8 18.2 44.6 (0.32,0.39) 82
2 3.0 12.1 - (0.30, 0.33) -
3 - 14.0 36.2 (0.31,0.37) -
4 25 7.48 15.9 (0.36, 0.43) -
5 40 47 6.4 (0.34, 0.34) -
6 - 155 39.3 (0.28, 0.35) 58.6
7 3.0 8.4 15.9 (0.41,0.41) 84
8 2.8 14.0 48.0 (0.37,0.48) 52
TADF emitters-based This work 25 20.5 59.6 (0.33,0.41) 72
9 5.0 6.7 - (0.32,0.39) -
10 3.6 17.1 334 (0.30, 0.38) -
11 39 19.1 40.6 (0.32,0.43) -
12 34 19.2 475 (0.35, 0.46) 69
12 34 15.6 28.9 (0.36, 0.38) 95
13 3.5 125 27.1 (0.38, 0.40) 71
Exciplex-based 15 4.0 116 15.8 (0.29, 0.35) 70.6
16 - 6.2 104 (0.45,0.39) -
16 - 7.1 114 (0.31,0.41) -

ATurn-on voltages at 1.0 cd m2;, PMaximum external quantum efficiency, maximum power efficiency;
9Commission Internationale de L Eclairage, color rendering index.
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Supplementary Notes

Supplementary Note 1: The optical simulation.

For simulation process, we adopted a classical electromagnetic model by treating the radiative
dipole as an electrical dipole antenna and utilizing the transfer matrix method. The detail
simulation process could be found in PHYSICAL REVIEW B 85, 115205 (2012). All the layers
used here are isotropic and the emitting layer does not absorb any light. For simplification, the
device structure used for simulation is Glass/ITO/HTL (Vary)/EML (10 nm)/recombination zone
(0 nm)/EML (6 nm)/ETL (Vary)/Al (100 nm). The refractive index of all the materials used in the
simulation is shown in Supplementary Figure 3 and the emission spectra of the two emitters
adopted displayed in Supplementary Figure 4. The power fractions of all channels of the blue and
orange emitters-based OLED are also shown in Supplementary Figure 5.

Supplementary Note 2: The exciton distribution.

To study the exciton distribution in the DPEPO emissive layer, here we use an ultrathin
quenching sensing layer (0.1 nm) to ensure that the inclusion of the sensing strip does not vastly
influence the charge transport. iridium bis(4-phenylthieno-[3,2-c]pyridinato-
N,C20)acetylacetonate (PO-01) was chosen as the sensing layer because it has very low triplet
energy level of 2.2 eV, and the relative emission intensity can provide some information about the
exciton spatial distribution.

We insert 0.1 nm-thickness PO-01 into the different positions in the emissive layer, the location
of the sensing layer is shown in Supplementary Figure 7. Position f represents the interfaces of
EML and electron transporting layer, and position a is the interface of CBP and DPEPO emissive
layers, the distance among the positions are 1 nm (ab), 1 nm (bc), 1 nm (cd), 1 nm (de), and 2 nm
(ef), respectively. The EL spectra of these devices are depicted in Fig. S8, it can be seen that the
blue emission at positions a and b decreases much due to the insertion of the sensing quenching
layer, position f shows the nearly consistent spectrum compared to the device without the sensing
layer. We also estimated the relative exciton distribution in this emissive layer, as shown in
Supplementary Figure 9. Numbers 1-6 represent the positions of a-f. Here we normalized the max.
exciton intensity at position a. The exciton distribution is mainly close to the interface of CBP and
DPEPO layer, which means all generated excitons in our present device can be effectively
confined into the emissive layer and provides the possibility of nearly 100% exciton utilization

efficiency.
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Supplementary Note 3: Examining the exciton leakage in single emissive devices.

To prove the formed excitons leaking into the adjacent TAPC layer, here we added the sensing
experiment. We introduced the sensing emitting material (0.1 nm DMAC-DPS) into TAPC, the
change of EL spectra will give us information about the exciton distribution. Here we insert the
sensing layer into TAPC, 0, 1, 2 nm represent the distance between the sensing layer and
TAPC/DPEPO-EML interface, shown as Supplementary Figure 10.

The EL spectra of these devices are depicted in Supplementary Figure 11. We can see that at
the interface of DPEPO/TAPC, the EL intensity increased much compared to the device without
inserting sensing layer, this is because of the electron-transporting property of DPEPO, the
exciton mainly formed at this interface. When inserting the sensing layer at the 1 nm and 2 nm
away this interface, the intensity then decreased but it is still higher than that of device without
sensing layer, due to the exciton leaking into TAPC layer. Thus, from this sensing experiment, it
can be seen that the formed excitons in the single W1 can leak into the adjacent TAPC layer,

leading to low exciton utilization efficiency.
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