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Figure S1. TEM and AFM morphologies of PVK and PVK:FIr6 (10 wt.%) films. As
shown, the spin-coated PVK:FIr6 film with a doping ratio of 10 wt.% exhibits
comparable film-forming behaviors to the pure PVK film, which demonstrates the

excellent miscibility between FIr6 dopant and PVK host in the spin-coated films.
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Figure S2. Photophysical behaviors of PVK, FIr6 and PVK:FIr6 (10 wt.%) emissive
layer film. (top) PL spectra of PVK film and absorption spectra of FIr6; (bottom)
Excitation and PL spectra of PVK and PVK:FIr6(10 wt.%) films (the excitation
spectra are recorded at 420 nm for PVK and 460 nm for PVK:FIr6 film samples,
respectively).

From top figure, a large spectral overlap between the PL emission of PVK film (peak
located at ca. 420 nm) and the absorption bands of both IMLCT and 3MLCT states of
FIr6 exists, which fulfills the requirements of efficient Forster and Dexter energy
transfer.[S1] From bottom figure, we note that PL emission of PVK is nearly
completely quenched and the FIr6é phosphorescent emission is dominated for the
overall PL spectra, indicating the energy transfer from PVK to FIr6 is actually
efficient in PVK:FIr6 (10wt.%) film. Besides, the excitation spectra of FIr6 emission
(peak located at 460 nm) is basically identical to that of PVK host emission (peak

located at 420 nm) and different from the absorption spectra of FIr6 phosphors.
3
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Accordingly, the energy transfer from PVK host rather than the self-absorption of FIr6
dopant is the dominant origin accounting for the FIr6 phosphorescent PL emission in

the PVK:FIr6 (10wt.%) film.
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Figure S3. EL spectra of the PVK:Fir6 (10 wt.%) PhOLEDSs at a constant bias voltage
of 10 V under a range of ambient temperatures. As mentioned,[S2, S3] the
temperature-dependent EL spectral measurement of the phosphorescent dye-doped
OLEDs is a useful way to confirm the effectiveness of energy transfer process from
host to dopant in real devices since the possible existing emission of host material can
be effectively magnified at low temperatures owing to the restrained nonradiative
pathways of emissive species. As shown in Figure S3, no PVK emsission is observed

over the wide range of temperatures, indicating that the energy transfer process from
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Figure S4. PL decay transient of FIr6 in 10° M chlorobenzene solution at room
temperature. The solid line is mono-exponential fit to the data, achieving the intrinsic
lifetime of FIr6 dopant under PL excitation. As depicted, the intrinsic PL transient
process is monoexponential and the calculated lifetime of FIr6 is ca. 3.1 ps.
Acoordingly, for the host:FIr6 films (host: PVK, SPPO13, TmPyPB and TPCz), the
fast component (corresponding to a short lifetime value) of the fitted bi-exponential

behaviors reflects the back energy transfer from FIr6 to the triplet states of the host.[*!
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Figure S5. Current-voltage (J-V) characteristics of the PVK:FIr6-based devices with
different FIr6 concentration. It can be seen that, at a high doping concentration of FIr6
(10 wt.%), the current is lowered compared to that of the pure PVK control device,
verifying the charge-trapping effect of FIr6 in the emissive layer.*® It is proposed that
the electron charge trapping effect of FIr6 is responsible for this phenomenon based
on the energy level diagram shown in Fig.1. It is concluded that both the energy
transfer from PVK to FIr6 and the charge trapping effect of FIr6 dopant are

responsible for the final blue EL emission in the device.
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Figure S6. Device characteristic comparisons of the PVK:FIr6-based devices with

varied IL/ETL structures of TmPyPB(50nm), TPCz(3nm)/TmPyPB(47nm) and

TPCz(50nm) (that is Device 1, 2, and 3), respectively.

As an example, device 1, 2 and 3 in together (see Figure S6, top) illustrated the

paramount importance of triplet confinement at the EML/EIL interface rather than the
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properties of charge carrier mobility and/or the charge carrier distributions in the EML
with ETL materials of TPCz and TmPyPB for achieving ultra-highly efficient
PVK-FIr6 based deep-blue devices. For device 2, an ultra-thin 3-nm-thick TPCz was
deliberately used as IL to solely function as the exciton confining layer and basically
do not influence the charge transport property of the device. It is true and confirmed
by the experimental results (Figure S6a). As shown, the device current of device 1 and
2 is really comparable. However, device 2 shows a distinctly higher efficiencies than
that of device 1 with pure TmPyPB as IL and ETL(that is peak luminous efficiencies
of device 2 and 1 are 20.5 cd/A and 10.5 cd/A, respectively). Accordinlgy, it is
concluded that it is the different interfacial triplet confinement capability at the
EML/IL interface that determines the final efficiencies achieved. Besides, in spite of a
distinct difference in device current achieved, luminous efficiency of device 2 is
bascially comparable to that of device 3 with pure low electron tranpsport TPCz as
both IL and ETL, which further suggests that the difference in charge carrier mobility
between TPCz and TmPyPB is not the main origin for the high luminous efficinecy
achieved with high triplet level TPCz as IL.

Besides. as shown in Fig. S6e, all these devices shows a comparabe EL spectra
characteristics (in details, basically the same relative intensity between EL peak at 459
nm and EL shoulder peak at 489 nm). Therefore, interference effects have a
negligalbe influence on the diverse efficiencies achieved for these devices. It is
concluded that the exciton recombination profiles within these devices are basically
the same, confirming the different IL used in these devices do not obviously affect
charge carrier distributions in the active layer.®!

Up to now, the above demonstration confirms that interfacial triplet confinement
of TPCz plays the key role in achieving highly efficient deep-blue devices and the
other possible factors including charge carrier mobiliy and the charge carrier
distribution (thus exciton formation profiles)within the EML play minor roles.
However, we should further mentioned that the useage of high electron mobility of
TmPyPB is imporatant for achieving high device power efficiency in the strutures of

TPCz(as IL)/TmPyPB(as ETL). As shown in Fig. S6b and Fig. S6c, device 2 shows
9
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the lower driving voltage and higher power efficiency than that of device 3 owing to

the incorporation of TmPyPB as ETL.

10
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Figure S7. Energy level disgram of the solution-processed white PhOLEDs with a
structure of ITO/PEDOT:PSS (50 nm)/PVK:FIr6:Ir(FIpy-CF3); (90:10:x, w/w/w) (40
nm)/TPCz (8 nm)/TmPyPB (42 nm)/LiF (1 nm)/Al (100 nm).
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Table S1. Summary of the reported solution-processed deep-blue PhOLEDs in

comparison to our work.

EQE (%) ne [Im W]
Ref. Device Structure
at 100/1000/5000 cd m?  at 100/2000/5000 cd m™

s7 1.48/-I- /-1 ITO/PEDOT/PVK:FIr6/TPBI/CsF/AI
S8 6.38/5.7/- 6.2/-I- ITO/PEDOT/P-TAZSITPA:FIr6/TmPyPB/TPBI/LiF/Al
S9 6.8L/-/- 4.9/-I- ITO/PEDOT/BTCC-36:FIr6/TAZ/Cs2CO3/Al
S10M 18.9/15.10/11 /- ITO/PEDOT/PVK/MCPPOL:FCNIrpic/TSPOL/LIF/AI
This work 16.8/16.1/13.0 18.0/15.1/10.5 ITO/PEDOT/PVK:FIr6/TPCZ/TmPyPB/LiF/Al

a] peak values; [b]: using deep-blue FCNIrpic dopant; [c] at 500 cd m™; max. luminance < 5 cd m™.
k values; [b]: using deep-blue FCNIrpic d 00 cd m?; [d lumi 000 cd m*

Table S2. Comparison of the device performance of the reported solution-processed

white PhOLEDs with Flrpic or FIr6 as blue phosphor (forward-viewing performance).

EQE (%) ne [Im W] at
Ref. Blue phosphor CLEE  cri™
100/1000/5000 cd m?  100/1000/5000 cd m
S11# Sky-blue Flrpic 18.3/15.0/10.3 33.1/21.4/11.3 0.39,042 65
S110 Sky-blue Flrpic 26.0/16.4/9.6 47.6/23.3/10.0 0.38,043 62
This work®  deep-blue FIr6 16.9/16.4/13.1 24.9/20.7/14.2 036,038 68

[a] with PEDOT:PSS Al 4083 as HIL; [b] with PEDOT:PSS CH8000 as HIL; [c] at 1000 cd m™,

12
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