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Hyperphosphorescent OLEDs: Harnessing the Power of

MR-TADF Terminal Emitters

Emma V. Puttock,™ Janine Haug, Eli Zysman-Colman, and Stefan Brdse

Hyperphosphorescent organic light-emitting diodes (HP-OLEDs) represent an
attractive solution to persistent efficiency roll-off and device stability issues,
combining phosphorescent sensitizers with fluorescent terminal emitters to
achieve efficient, narrowband emission. This review discusses advances in
HP-OLEDs where the terminal emitter is a multiresonance thermally activated
delayed fluorescence compound. Recent breakthroughs in device
performance, including examples demonstrating both high maximum external
quantum efficiencies (EQE,,,,) and excellent color purity, are highlighted. This
review summarizes design strategies, challenges, and future directions for
improving the efficiency, stability, and spectral performance of HP-OLEDs.

1. Introduction

Organic light-emitting diodes (OLEDs) have emerged as a
groundbreaking display and lighting technology, becoming
widely used over the past decade in consumer electronics
such as mobile phones, smartwatches, and televisions.['?] De-
spite their commercialization, technological hurdles remain,
including prolonging operational device lifetimes, and im-
proving color purity for next-generation ultrahigh-definition
displays.>7]

Achieving a balance between high efficiency, exceptional
color purity, and suitably long operational stability remains an
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outstanding issue, particularly for the blue
subpixel,l®] as improvements in one area
often come at the expense of another. For
example, strategies to enhance device effi-
ciency, such as through the use of materi-
als capable of harvesting 100% of the elec-
trically generated excitons like thermally
activated delayed fluorescence (TADF)[*-12]
and phosphorescent emitters,!'*7] also fre-
quently lead to concomitant spectral broad-
ening that diminishes color saturation.!!81]
Similarly, efforts to improve the stabil-
ity of OLEDs often involve compromises
in device efficiency.?®?}] These limita-
tions underscore the need for innova-
tive materials and device architectures
capable of overcoming the inherent performance trade-offs in
OLED technology.

1.1. Hyperphosphorescent OLEDs

Hyperphosphorescent (HP-) OLEDs combine fluorescent emit-
ters (referred to as terminal emitters, TEs) with phosphores-
cent sensitizers. This device architecture is an enticing poten-
tial solution to address the aforementioned outstanding limita-
tions. For this review, we use the term “hyperOLEDs” to collec-
tively describe both hyperfluorescent (HF-) and hyperphospho-
rescent OLEDs. While HF-devices rely on TADF sensitizers and
HP-OLEDs utilize phosphorescent sensitizers, both approaches
exploit sensitizer-mediated energy transfer to the TE to achieve
high maximum external quantum efficiencies (EQE,,,), low ef-
ficiency roll-off, and excellent color purity.2*!] Despite their dif-
ferences, both systems leverage Forster resonance energy trans-
fer (FRET) to the S, state of the TE that leads to light emission.*?]

FRET is a non-radiative, long-range energy transfer mecha-
nism governed by dipole—dipole interactions between donor and
acceptor compounds, which enables energy to be transferred
from the sensitizer, which is responsible for exciton harvesting,
to the TE, which is responsible for emission.*3] Enhancing FRET
efficiency relies on several factors: i) controlling the distance be-
tween donor and acceptor, ii) controlling the magnitude of the
spectral overlap between the donor sensitizer and the absorp-
tion of the acceptor TE, iii) controlling the relative orientation of
the donor emission and the acceptor absorption dipole moments,
and iv) enhancing the photoluminescence quantum yield of the
donor. These parameters are encapsulated in the Forster radius
(R), which is defined as the distance between donor and acceptor
at which the energy transfer efficiency equals 50%. Since FRET
relies solely on spectral overlap, it allows for relatively larger
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Figure 1. a) Schematic energy diagram of the relaxation pathways in HP devices employing a fluorescent TE (F: fluorescence; ISC: intersystem crossing;
FRET: Férster resonance energy transfer, DET: Dexter energy transfer, Sy: singlet ground state, Sy: first excited singlet state, T;: first excited triplet state).
b) Schematic energy diagram of the relaxation pathways in HP devices employing an MR-TADF TE (ISC: intersystem crossing; RISC: reverse intersystem

crossing).

spatial separation between the sensitizer and emitter as only the
dipoles of the donor and emitter need to be coupled. Maximizing
the spectral overlap and increasing R, improves energy transfer
efficiency, which frequently translates to enhancing device EQE
and reducing efficiency roll-off.3+-3¢]

Notably, FRET is not the only pathway available for energy
transfer. Dexter energy transfer (DET), a competing mechanism,
operates over much shorter distances (~1 nm) and involves direct
electron exchange between the sensitizer and the TE mediated by
both spectra and orbital overlap.!?>*’] DET is undesirable in hy-
perOLEDs as it tends to populate the triplet state of the TE, which
is dark and thus prone to non-radiative losses, leading to reduced
device efficiency and instability owing to the long-lived nature of
these excitons. To suppress DET and optimize FRET, it is essen-
tial to carefully control the distance between the sensitizer and
TE, primarily engineered through the selection of appropriate
doping concentrations. Haase et al. modeled the distances be-
tween TADF sensitizers and fluorescent TEs in hyperfluorescent
OLEDs as a function of TE doping concentration. Their model
showed that within a doping range of 0.3% to 5% TE, the es-
timated bulk distances (ranging from 3.00 to 1.18 nm) consis-
tently remained above 1 nm, effectively preventing DET.*’] In
HP-OLEDs, incorporating sterically demanding groups on the
sensitizer or emitter effectively suppresses DET, leading to im-
proved efficiencies.[3*#2!

The primary emission mechanism in HP-OLEDs is phosphor-
sensitized fluorescence (PSF), a mechanism originally intro-
duced by Baldo et al. in their seminal Nature paper.?!l PSF
bridges phosphorescence and fluorescence by enabling efficient
exciton harvesting, where triplet excitons generated on the phos-
phorescent sensitizer are transferred directly to the singlet state
of the TE via FRET. This direct triplet-to-singlet transfer mit-
igates triplet exciton accumulation and reduces non-radiative
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losses. Consequently, compared to HF-OLEDs, HP devices ex-
hibit enhanced stability and significantly reduced efficiency roll-
off at higher luminance (Figure 1a),[***] making them particu-
larly well-suited for applications demanding both high efficiency
and long device lifetimes.[2+4—6]

The fundamental design requirements for efficient hyper-
phosphorescence are not unique; rather, they mirror those for
hyperfluorescent devices.[**’] Key considerations include i) en-
suring spatial separation between the sensitizer and emitter
to suppress DET, typically achieved through the use of bulky
substituents or low TE concentration,*#°) ii) maximizing the
spectral overlap between the sensitizer’s photoluminescence
(PL) and the terminal emitter’s absorption to improve FRET
efficiency,®® and iii) aligning molecular orbital levels across
hosts, sensitizers, and TEs to minimize charge trapping on
the TE.’! These strategies collectively ensure efficient energy
transfer.

1.2. Multiresonance-TADF (MR-TADF) Compounds as the
Terminal Emitter

MR-TADF compounds have recently emerged as a promising
class of emitters, originally introduced as high-color purity al-
ternatives to donor—acceptor TADF emitters.>?] Although their
RISC rates are relatively slow,[>>] this limitation can be miti-
gated by employing MR-TADF compounds as TEs where their
high photoluminescence quantum yields, strong low-energy ab-
sorption bands, and narrowband emission can be exploited.[56-
The inclusion of MR-TADF emitters introduces additional com-
plexity to the energy transfer dynamics in HP devices. Figure 1b
provides an overview of the relaxation pathways present in these
systems, highlighting the interplay between FRET, and exciton
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recycling mediated through intersystem crossing (ISC) and re-
verse ISC (RISC) cycles, and DET.

1.3. Overview

HP-OLEDs driven by the combination of phosphorescent sensi-
tizers and MR-TADF emitters offer a potentially transformative
solution to the challenges faced in OLED technology. These de-
vices typically achieve high efficiency, long lifetimes, and high
color purity.

This review focuses on key advancements in HP-OLEDs em-
ploying MR-TADF terminal emitters from 2019 to 2025, with an
emphasis on the most significant developments and emerging
trends, rather than providing an exhaustive overview of all re-
ports. The discussion is structured to first examine Pt-containing
sensitizers, followed by Ir-containing sensitizers, as these are the
two major classes of phosphorescent complexes used in this field.
In addition, we highlight the emerging role of purely organic
phosphorescent sensitizers as heavy-metal free sensitizers. Par-
ticular attention is given to an analysis of the emissive layer, in-
cluding sensitizer—emitter combinations and their impact on en-
ergy transfer dynamics. By drawing links between energy trans-
fer efficiency and molecular design, we hope to provide insights
into how this class of device can be further optimized, potentially
pushing the boundaries of OLED technology.

2. Platinum Sensitizers

Though explored in relatively few studies, the integration of Pt-
based sensitizers with MR-TADF TEs demonstrates significant
potential for enhancing the performance of HP-OLEDs. These
systems leverage the distinct properties of platinum complexes,
including their strong spin—orbit coupling, ensuring rapid and ef-
ficient population of the triplet excited state and enabling FRET
to the TE. The use of rigid tetradentate cyclometalated ligand
designs, /%! enhances the photostability of these Pt complexes and
may contribute to reduced efficiency roll-off by suppressing cer-
tain biexcitonic non-radiative decay pathways. Additionally, the
square-planar geometry of Pt complexes may enable closer inter-
molecular packing, potentially enhancing FRET efficiency by re-
ducing donor—acceptor distances. While increased packing could
also promote DET and lead to triplet exciton quenching, this can
be mitigated through careful molecular design. Ultimately, these
characteristics position Pt-based sensitizers as promising choices
for high-performance HP-OLEDs.

Son et al. explored the use of PtON-TBBI, a well-established
solution-processable Pt-complex, as a phosphorescent sensitizer
paired with the MR-TADF emitters #-Bu-v-DABNA and mBP-
DABNA-Me.>!l The molecular structures of PPON-TBBI and the
MR-TADF emitters are shown in Figure 2. To facilitate an effi-
cient energy transfer process, the TEs were carefully selected to
ensure that the triplet energy level of the sensitizer exceeds the
singlet energy level of the MR-TADF emitter. This energy align-
ment is critical for efficient FRET, a cornerstone of the PSF mech-
anism. The Pt sensitizer was used at a moderately high concen-
tration of 10 wt%, balancing efficient energy transfer with miti-
gating aggregation, a known weakness of square planar platinum
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complexes. Furthermore, the concentration of the TE was care-
fully optimized. Higher concentrations increase the number of
emitters within the FRET radius of the sensitizer, thereby en-
hancing the overall efficiency of energy transfer. However, ex-
cessively high concentrations bring the sensitizer and emitters
closer, facilitating DET—a competing mechanism discussed in
the Introduction—that diminishes device efficiency by accessing
non-radiative decay pathways. This optimization was reflected in
the photoluminescence quantum yields (PLQYs) of the materi-
als, with the highest values achieved at a doping concentration of
1.0 wt% MR-TADF TE. For instance, PSF films of +-Bu-v-DABNA
achieved a PLQY of 91.1% before dropping to 79.5% at 3.0 wt%
doping. Similarly, 1 wt% doping of mBP-DABNA-Me has a PLQY
of 82.3% compared to 65.6% at 3.0 wt% doping. These trends
highlight the importance of optimizing TE concentration to max-
imize energy transfer while avoiding emission quenching mech-
anisms at higher concentrations.

The device performance, summarized in Table 1, revealed
that despite the high PLQYs observed in the films, the overall
OLED efficiencies remain modest. Among the pairings, +-Bu-v-
DABNA emerged as the stronger candidate, where the HP-OLED
achieved an EQE, ,, of 9.68%, compared to 8.71% for the device
using mBP-DABNA-Me. This difference was attributed to the
larger spectral overlap integral using #Bu-v-DABNA, as shown
in Figure 3, which leads to more efficient energy transfer and
resulted in a narrower full width at half maximum (FWHM),
16 nm in PL, 18 nm in electroluminescence (EL). Addition-
ally, the delayed emission lifetimes in the PSF films were sig-
nificantly shorter when using -Bu-v-DABNA (2.1 ps) than with
mBP-DABNA-Me (8.3 ps), contributing to a less severe efficiency
roll-off at higher current densities.

These findings underscore the importance of careful spec-
tral alignment, doping optimization, and exciton management
in achieving high-performing HP-OLEDs. The relatively low
EQEs—when compared to the maximum theoretical value taking
into account their PLQYs—emphasize that while Pt-based sensi-
tizers when paired with MR-TADF TEs having well-matched en-
ergy levels show promise, further device optimization is essential
to fully capitalize on the potential of these systems.

In a complementary study from Kim et al., PtON-TBBI was
employed as a sensitizer paired with boron-based MR-TADF
TEs containing peripheral electron-donating carbazoles.l®?] Two
emitters, TBEO1 and TBE02, were developed and their perfor-
mance was compared to that of the reference MR-TADF emit-
ter, +DABNA (Figure 2). The modifications to the structures of
the TEs were designed to facilitate FRET, while also suppressing
DET from nearby molecules such as the exciplex host and sen-
sitizer and mitigating triplet-polaron interactions, both of which
contribute to device degradation.

Improved FRET efficiency was demonstrated, with the Férster
radius increasing from 3.7 nm for +-DABNA to 4.2 and 4.5 nm
for TBEO1 and TBEO2, respectively. Codoping with PtON-TBBI
resulted in shorter emission lifetimes for TBEO1 and TBE02
(9.3 and 7.2 ps, respectively) relative to -DABNA (11.2 ps), in-
dicating a reduction in triplet exciton build-up. These structural
modifications also suppressed quenching mechanisms such as
triplet—triplet annihilation (TTA), by promoting FRET over DET,
thereby minimizing exciton accumulation on the MR-TADF TE.
These two emitters also exhibited advantageous photophysical
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Figure 2. Chemical structures of the Pt-based sensitizers and MR-TADF TEs employed in HP-OLEDs.
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Figure 3. Normalized photoluminescence (PL) spectra and absorption spectra showing overlap integrals for a) t-Bu-v-DABNA (D) and b) mBP-DABNA-

Me (D,). Adapted with permission.l>'l Copyright 2025, Elsevier.

and charge-transport properties, including higher molar extinc-
tion coefficients, faster RISC, and weaker hole-trapping behavior
than +DABNA.

Despite these desirable properties, FRET was nonetheless rel-
atively inefficient in the PSF devices. This is evidenced by the EL
spectra, which exhibited a wider spectral envelope than the TBE
emitters alone. These broader spectra arise from the fact that the
sensitizer itself contributes a portion of the emission. This can af-
fect both the color purity and the device efficiency. The optimized
device configuration utilized 13 wt% PtON-TBBI and 0.4 wt%
TE. Although not further discussed in this review, as noted by
Son et al.[’! the relative and absolute amounts of each codopant
play critical roles in maximizing the contribution of the emission
from the TE.

Nevertheless, in bottom-emitting configurations, devices us-
ing +DABNA as the TE achieved an LTy (luminance time—
defined as the time required for the device’s luminance at 1000 cd
m~2 to decrease to 95% of its initial value) of 19.8 h with EQE, oy,
of 23.7% and a Commission Internationale de I'Eclairage y-
coordinate (CIE)-y of 0.171. Devices with TBEO1 as the TE showed
alongerlifetime 0f 42.3 h and a comparable EQE,,, 0f 25.4% and
CIE-y of 0.165, while devices using TBE02 showed greater stabil-
ity, with a device lifetime 0of 72.9 h, an EQE, , of 25.8% and CIE-y
0f 0.165 (Table 1). This study underscores how molecular design
strategies prioritizing FRET over DET, while addressing triplet-
polaron interactions and ensuring high energy transfer efficiency
can significantly enhance the operational stability and efficiency
of HP-OLEDs.

Extending the exploration of Pt-based sensitizers, Nam et al.
investigated the closely related PtON7-dtb as a sensitizer. They
compared its pairing with the MR-TADF emitter v-DABNA and
the conventional fluorescent emitter TBPDP to achieve deep-blue
HP-OLEDs.** The molecular structures of these compounds are
shown in Figure 2. This study highlights the trade-offs involved
in using different classes of TEs to optimize OLED performance.
The device configuration utilized 10 wt% PtON7-dtb and vary-
ing concentrations (0.5-3 wt%) of the TE, enabling efficient en-
ergy transfer under operational conditions. Controlling charge
transport and recombination dynamics were a key focus of the
study, with the sensitizer designed to have a higher HOMO level
than the TEs. J-V analysis for hole- and electron-only devices re-
vealed that the sensitizer largely captured injected holes. This
localization encouraged trap-assisted recombination, facilitating
efficient exciton formation on the sensitizer site. This targeted

Adv. Optical Mater. 2025, 2500514 2500514 (6 of 25)

recombination enables efficient energy transfer to the emitter,
reducing charge recombination losses and enhancing overall de-
vice efficiency.

Devices using v-DABNA demonstrated clear advantages in
performance at high luminance levels, achieving an EQE,,, of
25.4% with a narrow FWHM of 20 nm, compared to the de-
vices using TBPDP, which showed a lower EQE,,,, of 14.3%
and a broader EL, with an FWHM of 51 nm. The device re-
sults are summarized in Table 1. The superior EQE and color
purity observed for the device using v-DABNA highlight the
advantages of using MR-TADF TEs. The efficiency roll-off at
1000 cd m~2 was improved in the HP-OLEDs for both v-DABNA
(21.2%) and TBPDP (15.1%) compared to the v-DABNA-only
(29.2%) and TBPDP-only (33.5%) OLEDs. Interestingly, the com-
parison with TBPDP highlighted a trade-off between EQE and
operational stability. While the MR-TADF TE-containing device
achieved higher EQEs, its LT, was 156.3 h. In contrast, the
TBPDP device achieved a longer LT, of 339.2 h under compa-
rable conditions.

In a related approach, Choi et al. explored the Pt complex,
Pt-biPh4tBu (Figure 2), which incorporates extended aryl sub-
stitution while maintaining the core structural motif of PtON-
TBBI and PtON7-dtb.[®] Pt-biPh4tBu was paired with v-DABNA
at doping concentrations of 10 and 1 wt%, respectively, with the
authors citing its substantial spectral overlap and high triplet
energy as key factors enabling effective FRET. To examine the
effect of the bulky blocking groups in reducing the contribu-
tion from DET, HP-OLEDs were additionally fabricated using
the structurally related Pt complex BD-02 (Figure 2),[%* which
exhibits PL characteristics similar to Pt-biPh4tBu. Both devices
showed emission solely from v-DABNA in the EL, with a small
FWHM of 18 nm. However, the HP-OLED with Pt-biPh4tBu
demonstrated a slightly enhanced EQE, ,, 0f 25.6% (compared to
23.9%), attributed to a reduction in DET. Furthermore, the HP-
OLED demonstrated a reduced efficiency roll-off of 10%, 4 per-
centage points lower than that of the HP-OLED with BD-02.

Cheong et al. investigated how the steric effects about the
N-heterocyclic carbene (NHC)-based tetradentate core of Pt-
tmCyCz (Figure 2) affects the device performance. This com-
plex contains a cycloalkyl-fused carbazole designed to enhance
both rigidity and steric bulk.[®! The complex exhibited resis-
tance to emission quenching, with EL spectra remaining mainly
largely unchanged across doping concentrations of 5-20 wt%,
with an optimal EQE,_, of 21.5% observed at 10 wt%. PSF

max
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Figure 4. EL spectrum of a) MeCF3Pt, b) IPrCF3Pt, and c) IPrtBuPt OLEDs, showing extent of excimer formation with differing concentration. d) Overlap
area between UV-vis absorption spectrum of v-DABNA and PL spectrum of IPrtBuPt. Adapted with permission.[*?l Copyright 2023, Royal Society of

Chemistry.

devices with Pt-tmCyCz (10 wt%) and v-DABNA (0.5 and 1.0
wt%) demonstrated improved performance compared to the Pt-
tmCyCz-only devices, with the highest performance achieved at
1.0 wt% v-DABNA, resulting in an EQE , of 33.9% and an effi-
ciency roll-off of 8.0% at 1000 cd m~2. The authors attributed the
enhanced device stability to the incorporation of the cycloalkyl
unit providing steric bulk in concert with a lowering of the
HOMO level, which reduces the energy offset with v-DABNA
and mitigates hole trapping and triplet exciton formation on
the TE.

Contributing to the exploration of blue HP-OLEDs, Zhu
et al. focused on platinum(Il) dicarbene pincer complexes as
sensitizers.*”] The strategy of incorporating bulky peripheral
groups onto the dicarbene ligand, akin to dendronization,®¢]
aimed to suppress excimer formation and shorten emission life-
times by minimizing intermolecular interactions. This approach
sometimes allowed doping concentrations to reach up to 20 wt%
(Figure 4a—c). Incorporating bulky groups also played a role in
minimizing DET, further enhancing device performance. The
molecular structure of the platinum(II) dicarbene pincer com-
plex IrPt#BuPt is shown in Figure 2.

The emission of IPrtBuPt has significant overlap with the ab-
sorption of v-DABNA, making it a suitable sensitizer in HP-
OLEDs (Figure 4d). The device incorporating IPrtBuPt (16 wt%)
and v-DABNA (1 wt%) achieved a remarkable EQE, . of 33.6%,

max
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with a narrow FWHM of 20 nm and CIE coordinates of (0.124,
0.148). In contrast, the device with the IPrtBuPt emitter alone
delivered an EQE .. of only 14.0% at 20 wt% doping. The device
results are summarized in Table 1.

Notably, the FRET radius for this system was relatively large
at 7.1 nm, demonstrating that the steric bulk introduced by the
tert-butyl groups did not hinder FRET. This HP system achieved
both high EQE, .. and a significantly improved roll-off compared
to the device with only IPrtBuPt, which the authors highlighted
as comparable to some of the best-performing HF-OLEDs re-
ported to date. However, it is important to note that the device
lifetime (LT5,) of the HP-OLED was relatively short at only 0.3 h.
This short device lifetime may arise from a combination of fac-
tors, including the vulnerability of the Pt—Cl bond to nucleophilic
attack, long excited-state lifetime, exciton-induced degradation,
and charge imbalance.[¢7:68]

Extending beyond the typical blue spectrum, Hua et al. de-
veloped the Pt-based sensitizer Pt-1, specifically designed to
pair with the MR-TADF emitters PXZ-R-BN and BCz-R-BN for
narrowband near-infrared (NIR) HP-OLEDs (Figure 2).5%! This
sensitizer—emitter pairing exemplifies a carefully targeted syn-
ergy, with Pt-1 engineered to realize significant spectral overlap
and efficient energy transfer to the TEs (Figure 5).

The devices employed a configuration of 20 wt% Pt-1 and 1
wt% TE, achieving remarkable efficiencies in the NIR region.

© 2025 The Author(s). Advanced Optical Materials published by Wiley-VCH GmbH
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Figure 5. The emission spectrum of sensitizer Pt-1 and the absorption
spectra of PXZ-R-BN and BCz-R-BN in dilute toluene solution. Reproduced
with permission.[®] Copyright 2024, John Wiley and Sons.

The device results are summarized in Table 1. The PXZ-R-BN
device reached an EQE, ., of 29.3% at 693 nm, while the de-
vice with BCz-R-BN achieved an EQE,_, of 24.2% at 713 nm—
a record-breaking efficiency for OLEDs emitting above 700 nm.
Notably, devices using PXZ-R-BN as the TE demonstrated an LT,
of 39 084 h at a radiance of 1000 mW sr~! m~2, based on an
acceleration factor of 1.7. While this represents the most stable
NIR OLED, direct long-term stability testing at lower lumi-
nance remains important for full validation. The study also high-
lights a significant efficiency roll-off. For example, the PXZ-R-
BN-based device exhibited efficiencies of 16.8% at 10 mA cm™2,
which dropped to 12.0% at 100 mA cm~2, while the BCz-R-BN-
based device displayed efficiencies 0f 11.9% at 10 mA cm~2, drop-
ping to 8.0% at 100 mA cm~2. These efficiency roll-offs can be
attributed to the build-up of triplet excitons in the device. Triplet
excitons may become trapped on the host or sensitizer, also con-
tributing to non-radiative losses and reduced device efficiency un-
der high current densities. Managing the triplet exciton popula-
tion is a common challenge in OLEDs, where triplet excitons can
accumulate on the emitter and contribute to non-radiative decay,
leading to loss of performance at high current densities.

Citing the potential for bimetallic complexes to have increased
rates of phosphorescent decay,|®! Lo et al. explored a series of din-
uclear Pt(II) complexes for high-performance blue phosphores-
cent OLEDs."l Complex 5 (Figure 2), featuring a phenylalkoxy-
tethered pyrazole bridge with C"C cyclometallating ligands and
bulky iPr groups, exhibited high-thermal stability and efficient
blue emission (4,; = 463 nm and PLQY = 0.94% at 4 wt% in
PMMA). Given its favorable spectral overlap with the absorption
of v-DABNA, photoluminescence decay measurements in mCBP
films containing 1 wt% v-DABNA and 10 wt% 5 revealed a re-
duction in the emission lifetime of 5 from 1.3 to 0.5 ps in the co-
doped film, suggesting energy transfer to v-DABNA. However,
the accompanying decrease in the delayed emission lifetime of
v-DABNA from 4.1 to 1.7 ps in the co-doped film suggested the
occurrence of reverse energy transfer from v-DABNA back to 5.

Adv. Optical Mater. 2025, 2500514 2500514 (8 of 25)

www.advopticalmat.de

The HP-OLED achieved an EQE, , 0f 23.4%, a narrow FWHM
of 18 nm, and a reduced efficiency roll-oft of less than 5%
at 1000 cd m~2 (compared to 10% for the v-DABNA control
device). The CIE coordinates revealed some contribution from
the sensitizer, with the HP-OLED exhibiting a y-coordinate of
0.12 compared to 0.09 for the v-DABNA-only device. Neverthe-
less, the deep-blue HP-OLED demonstrated an LT, of 259 h at
1000 cd m~2, significantly outlasting the v-DABNA-only device
(LT, = 32.3 h).

These studies collectively highlight that with the right pair-
ing of MR-TADF TEs with Pt-based sensitizers it is possible to
achieve remarkable performance in both efficiency and stabil-
ity in HP-OLEDs while maintaining narrowband emission. Cen-
tral to these achievements are optimized energy transfer pro-
cesses, particularly through FRET, and the mitigation of quench-
ing pathways such as Dexter energy transfer and excimer forma-
tion. While the progress summarized here is significant, chal-
lenges remain, particularly in balancing operational stability with
high efficiency at elevated luminance. Continued exploration of
spectral alignment, charge recombination dynamics, and emitter
stability will be crucial to fully realize the potential of HP OLEDs
employing MR-TADF TEs and Pt sensitizers.

3. Iridium Sensitizers

The use of iridium-based sensitizers offers distinct advantages
over platinum-based sensitizers that lead to improved perfor-
mance in MR-TADF TE containing HP-OLEDs. With their rela-
tively shorter excited-state lifetimes and reduced tendency to ag-
gregate compared to platinum-based complexes, iridium com-
plexes are well positioned to efficiently harvest excitons. Re-
cent research efforts have explored the correlation of these at-
tributes to device performance to great effect, yielding strate-
gies that improve device performance across a range of emis-
sion wavelengths. The following sections detail developments
in iridium-MR-TADF HP-OLEDs, categorized by emission color:
blue, green, and red.

3.1. Blue Emission

Lee et al. explored HP-OLEDs as a strategy to tackle the chal-
lenges of efficiency roll-off and low luminance in blue OLEDs.[*}!]
This study evaluated three blue phosphorescent sensitizers,
Ir(cb);, F-Ir, and CNImlr, paired with the MR-TADF emitter #-
DABNA (Figure 6), aiming to establish the key design require-
ments for effective sensitization. The authors identified Ir(cb),
as the most effective sensitizer, citing its larger spectral over-
lap integral with +-DABNA (Figure 7a). The energy transfer dy-
namics were probed by comparing PL spectra for PSF films
(Figure 7b). The Ir(cb);-sensitized film has a PL spectrum that
closely matches the emission of +-DABNA, suggesting efficient
FRET and negligible back-transfer processes. Interestingly, the
F-Ir-based film also possesses a comparable emission profile,
with a significant alignment to the emission of +DABNA. How-
ever, the CNImlr-sensitized film displays prominent residual
phosphor emission, consistent with the authors’ conclusions re-
garding back-transfer mechanisms and suboptimal energy align-
ment. Transient PL decay measurements were performed to elu-
cidate the energy transfer dynamics. The Ir(cb),-sensitized film

© 2025 The Author(s). Advanced Optical Materials published by Wiley-VCH GmbH
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Figure 6. Structures of the Ir-based sensitizers and MR-TADF TEs employed in blue HP-OLEDs.
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Figure 7. a) Solution PL spectra of the phosphors in toluene compared with the absorption spectrum of --DABNA. b) PL spectra of the t-DABNA doped
PSF films. c) EL spectra of HP-OLEDs with different phosphors. Adapted with permission.[*3] Copyright 2019, Royal Society of Chemistry.

evidences a fast initial decay characteristic of the prompt fluo-
rescence of t-DABNA. The F-Ir-sensitized films exhibit a slower
prompt fluorescence decay compared to Ir(cb);-sensitized films
but did show a significantly shorter lifetime relative to the intrin-
sic PL decay of F-Ir, suggesting some FRET does occur.

Despite the promising results from the photophysical study
for both Ir(cb),- and F-Ir-sensitized films, initial HP-OLEDs fab-
ricated with the sensitizers at concentration of 30 wt% and t-
DABNA at a concentration of 1 wt% revealed surprising mixed
emission from the F-Ir-sensitized devices (Figure 7c). However,
the characteristics of these initial devices were not fully reported.
Among the three devices, only the Ir(cb); device showed EL
purely from +-DABNA and therefore was selected as the sensi-
tizer for further study.

The devices comprising 30 wt% Ir(cb); and +DABNA demon-
strated promising results. While varying +-DABNA concentra-
tions from 0.5 to 2 wt%, the EQE,,, remained relatively constant
(24.3-24.8%), but the efficiency roll-off was less severe at lower
TE doping concentrations. This indicates that the higher dop-
ing concentrations likely lead to increased DET and carrier trap-
ping. Notably, the HP-OLEDs exhibited a reduced efficiency roll-
off compared to a previously reported hyperfluorescent counter-
part, which utilized DMAC-DPS as the sensitizer, retaining 79%
of the EQE, ., at 1000 cd m~2 versus 65% for the latter.**) The
HP-OLEDs incorporating Ir(cb); exhibited significantly slower
degradation, achieving an LT, of 293 h at 200 cd m~2, compared
to only 17 h for the +-DABNA only devices. However, the devices
in the stability study used a different host material compared to
the devices used in the EQE study, due to the poor stability of
the TSPO1 host material in the latter. This exemplifies the diffi-
culty to optimize both device efficiency and stability using a sin-
gle device stack. Device performance metrics are summarized in
Table 2.

The Ir(IlI) complex, B3, reported by Zhu et al., offers an ex-
ample of the less commonly explored bis-tridentate coordination
motif (Figure 6)."*) Computational studies indicated that the car-
bene pincer chelate primarily dominates the electronic transi-
tions associated with the T, excited state, which has a mixture
of LC, MLCT, and ILCT characters. In contrast, the dianionic
PzpyCz chelate acts largely as a spectator. B3 exhibited blue emis-
sion (Ap; =465 nm) with a PLQY of 83% in dichloromethane and
a relatively short radiative lifetime of 0.73 ps (r,, = 0.61 ps). De-
vices were fabricated using a graded doping profile (166 wt%

Adv. Optical Mater. 2025, 2500514 2500514 (10 of 25)

sensitizer), in which the doping concentration decreased linearly
from the anode to the cathode. The sensitizer was paired with
v-DABNA at 1 wt%, chosen for its narrowband emission and
high horizontal transition dipole ratio. The resulting HP-OLED
achieved an EQE,,,, of 26.2% and CIE,, coordinates of (0.12,
0.14), closely matching other blue HP-OLEDs in this review. Nev-
ertheless, Gaussian fitting of the electroluminescence spectrum
revealed a 15% contribution from phosphorescence originating
from B3, indicating incomplete energy transfer. Increasing the
TE concentration to 2 wt% did not eliminate this residual emis-
sion, which the authors attributed to a partially allowed FRET
pathway and the fast-radiative decay of B3 enabling direct emis-
sion prior to transfer.

A related complex, Irtb1, was reported in a subsequent study
by Yan et al., featuring a carbene-based pincer ligand with the
CF, group located meta to the pyridine chelate, instead of ortho as
in B3, and a 2,6-diaryloxy pyridine ancillary ligand (Figure 6).1"%]
This altered coordination environment resulted in a blue shifted
emission (4,,,, = 448 nm), a reduced PLQY of 21.8% in toluene
and a longer radiative lifetime of 1.93 ps (z.,, = 421 ns). HP-
OLEDs fabricated using Irtb1 as the sensitizer at 28 wt% paired
with v-DABNA at 1 wt% showed an increased EQE, ,, of 23.5%
compared to 20.7% for the unsensitized MR-TADF OLED device.
Notably, the efficiency roll-off was much reduced, with an EQE; o,
of 16.1%, versus 5.1% for the reference device.

Yan et al. paired the green emitting m-Ir(L; B); with v-DABNA
as the terminal emitter.*®) The homoleptic tris-bidentate com-
plex contained NHC carbene chelates coordinated as the mer
isomer (Figure 6). m-Ir(LyzB); exhibited broad green emission
(Amaxy = 512 nm), a PLQY of 43%, and a short radiative life-
time of 0.75 ps (r,,, = 0.32 ps) in toluene. Despite the rela-
tively small spectral overlap, m-Ir(L,:B); acted as a relatively ef-
ficient sensitizer of v-DABNA, as confirmed by the intense v-
DABNA emission band observed at 468 nm, accompanied by
a low-energy tail from the Ir(IIl) sensitizer. The HP-OLED, us-
ing m-Ir(Le:B); at 20 wt% and v-DABNA at 1 wt%, achieved an
EQE,,,, of 25.5%, an improvement over the non-sensitized de-
vice (EQE, ., = 20.3%). Remarkably, the m-Ir(L¢;B);-sensitized
device exhibited a much longer LT,, approximately three times
longer than the equivalent device when sensitized by the blue
emitting fIr(Ls:B);. However, the CIE-coordinates of the device
were (0.17, 0.20), straying from those required for deep blue
emission.

© 2025 The Author(s). Advanced Optical Materials published by Wiley-VCH GmbH
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A substantial body of work by Chi and co-workers has estab-
lished a wide range of NHC iridium(III) complexes as phos-
phorescent sensitizers for HP-OLEDs.?373-871 While the reported
complexes differ in peripheral substitution and electronic tun-
ing, they are unified by a conserved tris-bidentate coordination
framework, in which each ligand contributes a carbene and a
carbon donor. This structural consistency enables comparisons
(Table 2 and Figure 6), while also revealing how even subtle
changes to the sensitizer framework—such as peripheral sub-
stitution or ligand rigidity—fine-tunes the photophysical proper-
ties of the complex. These variations, in turn, impact the choice
of host selection, doping concentration, and terminal emitter
pairing, ultimately influencing device performance. Although
this consistency allows us to identify recurring design trends,
direct comparison across studies is complicated by differences
in host materials, terminal emitters, and doping strategies. We
highlight here representative examples that illustrate key design
principles.

Among the highest-performing devices are those by Wu et al.,
which employ heteroleptic Ir(III) complexes featuring two dis-
tinct carbene chelates bearing N-aryl substituents.[*®] These com-
plexes, fctl4, fctl5, m-ct16, were used at a sensitizer concentra-
tion of 30 wt% in combination with v-DABNA (1 or 2 wt%). These
systems achieved narrowband emission (FWHM 19 nm, 0.11 eV)
and EQE,_,, values exceeding 30%, with the device with m-ct16
also displaying excellent roll-off suppression (EQE,y, of 32.1%
and EQE, , of 27.7%). The authors attributed the high perfor-
mance to rapid phosphorescent decay, which may reduce triplet
accumulation and the probability of DET. However, as no emis-
sion from the sensitizer was observed in the EL, the precise con-
tribution of the fast radiative decay from the sensitizer remains
open to interpretation.

Yan et al. introduced the homoleptic Ir(III) carbene complexes
JCN1 and fCN2 as phosphorescent sensitizers paired with the
MR-TADF emitters v-DABNA and m-DINBO.[#l Incorporating
1 wt% of the TE and 30 wt% of the phosphorescent sensi-
tizer, each Ir(III)-MR-TADF pairing showed high PLQY (100%)
and small FWHM values (18-22 nm). Despite similar EQE,_,,
values across all devices (30.1-30.8%), performance diverged
markedly at higher luminance. Devices employing v-DABNA
exhibited superior efficiency roll-off characteristics, with the f
CN1/v-DABNA device maintaining an EQE,,, of 19.6%, com-
pared to just 14.7% for the fFCN1/m-DINBO device counterpart.
A similar trend was observed in the fFCN2 devices, where the
v-DABNA-based device likewise outperformed the m-DINBO-
based device at elevated brightness levels. This behavior was at-
tributed to enhanced exciton recycling in the v-DABNA-based
systems, where efficient RISC on the TE facilitates the conversion
of non-radiative triplet excitons into radiative singlets. Addition-
ally, slightly better spectral overlap and frontier orbital alignment
with the Ir(III) complex may contribute to more efficient energy
transfer.

Wu et al. reported fct9b, a bulky Ir(III) complex featuring
an NHC chelate with two N-aryl substituents, which can bind
through either of its rings.®%! PSF devices were fabricated with
20 wt% sensitizer and varying concentrations of v-DABNA. At 1
wt% TE, the device achieved an EQE,,, of 32.1% and EQE,,
of 25.5%. Increasing the TE concentration to 2 wt% led to a
maximum EQE of 34.7%, although the EQE,,, dropped slightly
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to 23%. At 3 wit% TE, both metrics declined further (EQE,,, =
30.1%, EQE,(, = 15.4%), suggesting the onset of concentration
quenching from increased non-radiative losses.

Across these high-performing systems, a recurring feature
is the use of NHC ligands bearing dual N-aryl substituents.
As noted by Wu et al, this design is thought to enhance
molecular rigidity and stability through stronger N—C(aryl)
bonds, while also promoting shorter radiative lifetimes that
may mitigate exciton annihilation in the device at high cur-
rent density.®"] These structural features likely contribute to
the consistently high EQE, ., and mild efficiency roll-off ob-
served across the most efficient devices, particularly when
paired with well-matched hosts and terminal emitters at suit-
able doping levels, and may also help suppress undesired DET
by spatially isolating the sensitizer molecules in the emissive
layer.

Jin et al. explored the blue-emitting iridium complex m-2tBu,
which contains a tris-bidentate framework with one ligand bear-
ing an N-alkyl (methyl) substituent and the other an N-aryl
substituent.®?] In contrast to the dual bulky aryl substitution
used in the most efficient systems, this less sterically demand-
ing structure may account for a more modest EQE, .. Never-
theless, the study offers a rare perspective on sensitizer dop-
ing concentration. Paired with v-DABNA (2 wt%), the doping
concentration of m-2tBu was varied from 14% to 40 wt%. The
FRET from the sensitizer proved to be highly efficient, regard-
less of sensitizer concentration. The devices exhibited a narrow
FWHM of 21 nm, reflecting the spectral purity of the emis-
sion solely from the TE. Incorporating bulky tert-butyl groups
within m-2tBu proved instrumental in reducing the likelihood
of DET. At an optimized concentration of 25 wt% sensitizer and
2 wi% TE, the device achieved an EQE, , of 22.0%—an im-
provement over the 17% obtained from the sensitizer-only de-
vice. While the tert-butyl groups were proposed to mitigate DET
by limiting intermolecular interactions, the devices still exhibited
significant efficiency roll-off (~32%) from peak performance to
1000 cd m~2.

A final notable example comes from Yan et al., who reported
the iridium complex fct5Smix, a chromatographically inseparable
mixture of fct5c and fct5d in a 3:4 ratio.’”] Devices incorporat-
ing fct5mix as the sensitizer and v-DABNA as the TE were fab-
ricated using various host materials and doping concentrations.
In a CzSi host at 10 wt% sensitizer and 1 wt% TE, the device
achieved an EQE, . of 32.0%. Increasing the sensitizer concen-
tration to 12.5 wt% resulted in only a modest reduction in EQE, .
(30.8%) indicating that performance was relatively insensitive to
this parameter. However, raising the terminal emitter concen-
tration from 1 to 2 wt% had a more pronounced impact, with
EQE, ., dropping to 27.1% (and to 24.5% at 12.5 wt% sensitizer),
likely due to an increase in DET. In a SiCzCz:SiTrzCZ2 (1:1) co-
host system, similar EQE,,, values were observed—30.3% at 10
wt% sensitizer and 28.1% at 12.5 wt% sensitizer, both with 1 wt%
v-DABNA. However, a significant improvement to device effi-
ciency roll-off was observed: the device with 10 wt% sensitizer
and 1 wt% TE showed a 15.7% reduction in efficiency roll-off
compared to the equivalent CzSi-hosted HP-OLED.

While most studies have focused on the standard PSF strat-
egy, Chung et al. explored a new approach to hyperphospho-
rescence. Their deep-blue OLEDs employed the iridium(III)
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complex CN-Ir as the sensitizer paired with the MR-TADF
emitter v-DABNA (Figure 6).38] CN-Ir was selected to enable
what the authors termed an energy-exchanging phosphorescence
and TADF (EPHTADF) mechanism, an approach illustrated in
Figure 8. This mechanism relies on the alignment of the energy
levels of the host, the sensitizer and the TE to enable the simul-
taneous forward and backward energy transfer between the sen-
sitizer and the TE. This provides a competitive exciton recycling
pathway in lieu of an unproductive ISC on the MR-TADF TE,
thereby reducing the triplet exciton population on the latter. As
the back energy transfer allows for coemission from the sensi-
tizer and the TE, careful management of the phosphor’s pho-
tophysical properties is essential to suppress this undesired ra-
diative process that would adversely affect the color purity of the
device. By dynamically sharing excitons between the sensitizer
and the TE, the EPHTADF mechanism significantly enhanced
exciton utilization efficiency, leading to improved device EQE. In-
deed, their devices showed an EQE, ,, of 27.3% and a remarkable
operational lifetime, reflected in the LTy, exceeding 30 000 h at
100 c¢d m~2. The device configuration contained 20 wt% CN-Ir
and 0.5 wt% v-DABNA, while higher doping concentrations of
v-DABNA resulted in a decreased device lifetime. Transient EL
measurements revealed a marked difference in exciton dynam-
ics between these devices. In Device B, which employed the pu-
tative EPHTADF mechanism, there was a rapid disappearance
of triplet excitons, indicative of efficient exciton recycling and
reduced triplet accumulation. In contrast, Device A, containing
only v-DABNA, exhibited slower exciton decay. The inclusion of
CN-Ir in Device B also reduced the HOMO/LUMO gap between
the host and the emitters, lowering the turn-on voltage to 3.0V,
compared to the 4.5 V required for the v-DABNA-only Device
A. This reflected the more facile charge injection in the former,
contributing to its superior performance. Across the entire lu-
minance range, Device B outperformed Device A, achieving an
EQE, ., of 27.3% versus 19.5% for Device A, while the efficiency
roll-off was significantly reduced in Device B, maintaining an
EQE of 23.3% at 1000 cd m~2 compared to 12.8% for Device A.
These results evidence how judicious alignment of the state en-
ergies of the sensitizer and the TE can lead to exceptional device

Adv. Optical Mater. 2025, 2500514 2500514 (15 of 25)

performance in both efficiency and stability as a result from opti-
mizing exciton management. Additionally, the authors reported
a top-emitting HP-OLED, Device C; however, EQE values were
not provided due to its non-Lambertian emission pattern. Never-
theless, the authors noted that Device C exhibited a remarkable
lifetime of LT, of 493 h at 1000 cd m~2, particularly considering
that its CIE,-coordinate is below 0.1.

3.2. Green Emission

Similar design strategies to those used for blue devices have
been applied to green HP OLEDs. In the pursuit of green
OLEDs, Zhang et al. introduced the MR-TADF emitter AZA-BN
(Figure 9).5¢! This emitter was designed using the so-called hy-
bridized multiresonance and charge transfer (HMCT) approach,
which combines the color purity of an MR-TADF core with the
enhanced charge transfer dynamics of a donor-acceptor mo-
tif. By incorporating an aza-fused structure into the MR-TADF
core, the design strengthened the intramolecular charge trans-
fer character, improving exciton utilization. The HMCT strategy
balances narrowband emission and efficient charge transport ki-
netics within the emissive layer of the device. The HP device em-
ployed fac-Ir(ppy) (30 wt%) as the sensitizer and AZA-BN (6 wt%)
as the TE. The HP-OLED emitted at 527 nm and showed narrow-
band emission (FWHM of 30 nm). The device EQE,,, was 28.2%
and it exhibited moderately large efficiency roll-off, with EQE val-
ues of 26.5% at 100 cd m~2 and 19.1% at 1000 cd m~2. Addition-
ally, the device showed a moderate stability, with a L'T,, of 46.3 h
at 2000 cd m~2. Notably, the device contained an unusually high
doping concentration of the TE (6 wt%).

Palanisamy et al. also investigated MR-TADF TEs for green
OLEDs by incorporating curvilinear indolocarbazole (pIC) donor
units within two emitters, BpIC-DPA and BpIC-Cz, aiming to
produce rigid TEs, which they asserted would lead to higher de-
vice stability (Figure 9).1% Peripheral tert-butyl diphenylamine
and carbazole donor moieties were incorporated to fine-tune
the optoelectronic properties through an HMCT approach.
This structural design resulted in narrowband emission, with

© 2025 The Author(s). Advanced Optical Materials published by Wiley-VCH GmbH

85UB017 SUOWIWOD BA1ER1D 8 cedt[dde aup Ad peusenob a1 saole YO ‘sh JO sajnl 1oy Akeid18UljuQ AB|IM UO (SUOHIPUOD-PUe-SULBI WD A8 1M AReiq | pul|uo//:Sdiy) SUONIPUOD pue swis | 8y} 88S *[G202/20/0T] Uo ARiqiauliuo A8|im ‘91Bojouyos | in4 Inisu| Bynsied Aq 15005202 Wope/ZooT 0T/I0p/W0d" A8 | mAkeiq pul|uo’peoueApe;/:sdny wouy pspeojumoq ‘0 ‘TZ0TS6TZ


http://www.advancedsciencenews.com
http://www.advopticalmat.de

ADVANCED AB\[;%%%ED

SCIENCE NEWS MATERIALS
www.advancedsciencenews.com www.advopticalmat.de
Ir Sensitizers TADF Sensitizer
Bu
Bu
| O O
_N /0:\2 By O N
W en
o Bu O Q Bu
2 N

Bu
Ir(ppy)3 |r(ppy)2acac N O

N

Angew. Chem. Int. Ed. 2020, 59, 17499 J. Chem. Eng. 2024, 481, 148781 By Q O O
Org. Electron. 2024, 125, 106973 \
Chem. Commun. 2024, 60, 6789 Bu Bu Bu

Angew. Chem. Int. Ed. 2023, 62, €202304104
Adv. Opt. Mater. 2025, 14, 2402131

Green MR-TADF TE

ol fo o do
L WS WS
) a ﬁj O @) ﬁj &
) oo

AZA-BN BplIC-DPA BplIC-Cz

5tBuCzBN
Org. Electron. 2024, 125, 106973

z

tBu O

—Z

Angew. Chem. Int. Ed. 2020, 59, 17499 J. Chem. Eng. 2024, 481, 148781

‘Bu Bu Bu Bu
WS 0
B B
sWeWe
) e
e
Bu Bu

g/g O/IO

|
N N Ny N

BN-TPP BN-DPBQ m-DBCz
Org. Electron. 2024, 125, 106973 Angew. Chem. Int. Ed. 2023, 62, €202304104
® ®
O O Bu Bu Bu
B
AT I O (1,0 sWe
O @ Orme AL Ak
N N 4 N N N N 4
% @@Osfj O‘““fj”“
PhCzBN-PO PXZ-tCzBN MesPXZ-tCzBN PhPXZ-tCzBN
Chem. Commun. 2024, 60, 6789 Adv. Opt. Mater. 2025, 14, 2402131

Figure 9. Structures of the Ir-based sensitizers and MR-TADF TEs employed in green HP-OLEDs.
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emission maxima at 527 and 534 nm for 2 wt% BpIC-DPA and 4
wt% BpIC-Cz doped in DIC-TRZ, respectively, FWHM values be-
low 25 nm, and PLQYs exceeding 83%. Efficient energy transfer
was achieved in PSF films doped with a relatively low concentra-
tion (5 wt%) of the sensitizer Ir(ppy),acac. It is notable that effi-
cient energy transfer was observed at such a low sensitizer load-
ing, particularly when compared to studies such as that by Zhang
et al.,’®l where higher sensitizer concentrations (e.g., 30 wt%
Ir(ppy);) were employed to achieve excellent performance. The
emission in these films originated from the TE and the lifetime
of the delayed components were 11.12 and 11.74 ps for BpIC-DPA
and BpIC-Cz, respectively, reduced from 31.9 and 34.4 ps for the
respective MR-TADF emitter only films. HP-OLEDs with 2 wt%
BpIC-DPA achieved an EQE,,, of 22.0%, with EQEs of 18.6 at
1000 cd m~? and 16.2% at 5000 cd m~2. Meanwhile, devices with
4 wt% BpIC-Cz performed even better, achieving an EQE,_, of
25.7%, with minimal efficiency roll off (EQE of 24.3% at 1000 cd
m~2 and 22.6% at 5000 cd m~2).

Song et al. explored strategies to modulate energy levels
and excited-state lifetimes in MR-TADF materials. Their study
focused on the emitters BN-TPP and BN-DPBQ, which they
implemented in HP devices to achieve milder efficiency roll-
off.??l Both emitters contained a sterically bulky electron accep-
tor substituted onto the DtCZB core, producing BN-TPP, which
was then further cyclized to form BN-DPBQ (Figure 9). The
sensitizer—emitter combinations were optimized based on their
spectral overlap integrals, with the TADF sensitizer 5tBuCzBN
(20 wt%) paired with BN-TPP (2 wt%) and the phosphorescent
sensitizer fac-Ir(ppy); (8 wt%) paired with BN-DPBQ (2 wt%). PL
spectra of the sensitized films confirmed efficient FRET in both
cases. A notable observation was the stark contrast in delayed life-
times. The sensitized films with BN-TPP showed a delayed life-
time of 1.4 ps, while those with BN-DPBQ exhibited 16.5 ps, rep-
resenting both a much smaller reduction from its pristine value
and an overall longer emission lifetime. This finding is surpris-
ing given the individual lifetimes of BN-DPBQ (30.6 ps) and fac-
Ir(ppy); (1.6 ps)®! compared to BN-TPP (67.2 ps) and 5tBuCzBN
(3.4 ps) [

Both HF and HP devices achieved improved EQE, ., and effi-
ciency roll-off compared to their MR-TADF emitter-only analogs;
however, the BN-TPP-sensitized device demonstrated superior
performance, with an EQE,, at 24.2% and EQE,,, at 21.9%,
compared to 20.8 and 16.3%, respectively, for the BN-DPBQ-
sensitized device (Table 2). The stark contrast in concentration
of the sensitizers—20 wt% for 5tBuCzBN but only 8 wt% for fac-
Ir(ppy); illustrates the importance of optimizing the concentra-
tions of the sensitizer and TE combinations. This finding em-
phasizes the need for a more nuanced approach to sensitizer se-
lection and device optimization, as achieving superior efficiency
roll-off may require tailoring sensitizer properties beyond the
spectral overlap with the TE.

Dong et al. introduced the green MR-TADF PhCzBN-PO,
which incorporated of an electron-withdrawing diphenylphos-
phine oxide group onto the MR-TADF core (Figure 9).)! The
emitter was tested in devices at concentrations of 1 or 2 wt%
on its own, as well as at 1 wt% with 20 wt% of the sensitizer
fac-Ir(ppy);. In the HP-OLED configuration, the device achieved
an impressive EQE  of 32.4%, significantly higher than the
TE-only devices, which showed EQE_ .. of 20.4 and 25.6% for

X
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Figure 10. UV-vis absorption spectra of m-DBCz and fac-Ir(ppy); in
toluene at a concentration of 107> m as well as PL spectra of 20 wt%
fac-Ir(ppy);:DMIC-TRZ-doped film and DMIC-TRZ film. Reproduced with
permission.[%0] Copyright 2023, John Wiley and Sons.

the 1 and 2 wt% TE doping, respectively. Notably, while the TE-
only devices experienced severe efficiency roll-off, with EQEs de-
creasing to 12.3% and 13.2%, respectively, at 1000 cd m~2, the
sensitized device with fac-Ir(ppy); showed much-improved effi-
ciency roll-off, maintaining an EQE of 31.4% at this luminance.
The EL FWHM also varied depending on the device configura-
tion: the 1 wt% PhCzBN-PO device alone showed an FWHM
of 26 nm, whereas the fac-Ir(ppy);-sensitized devices showed a
slightly broader FWHM of 29 nm. This suggests some emission
contribution from the sensitizer and inefficient FRET in the HP-
OLED. Detailed device metrics are summarized in Table 2.

Cai et al. employed an MR-TADF building block extension
strategy, where azaboraanthracene moieties are assembled into a
larger MR-TADF framework, m-DBCz (Figure 9).° This design
led to a red-shifted emission, a shortened delayed fluorescence
lifetime (14.8 ps), and a higher PLQY compared to the parent
molecule, p-TBNCz. OLEDs employing m-DBCz alone achieved
an impressive EQE, . of 34.9%, which decreased to 31.3% at
1000 cd m~2, 24.5% at 5000 cd m~2, and 20.0% at 10 000 cd m~2.
Selecting fac-Ir(ppy); as the sensitizer (at 20 wt%) due it its strong
spectral overlap with m-DBCz, as illustrated in Figure 10, and
DMIC-TRZ as a TADF host material, produced films with an ex-
ceptionally short delayed lifetime of 385 ns.

The HP device demonstrated outstanding performance,
achieving an EQE , of 36.3% with minimal efficiency roll-off,
retaining EQEs of 35.1%, 34.2%, and 33.9% at 1000, 5000, and
10 000 cd m™2, respectively. Even at an ultrahigh brightness
of 100 000 cd m~2, the device maintained an EQE of 27.7%,
highlighting the effectiveness of the combination of the DMIC-
TRZ host with a phosphorescent sensitizer. Device results using
both DMIC-TRZ and a conventional fluorescent host material,
PhCzBCz are summarized in Table 2.

Nemma et al. reported the development of z-extended
phenoxazine-based asymmetric MR-TADF emitters, PhPXZ-
tCzBN and MesPXZ-tCzBN, which feature a more z-conjugated
structure compared to their parent PXZ-tCzBN (Figure 9),/*!
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Figure 11. Structures of the Ir-based sensitizers and MR-TADF TEs employed in red HP-OLEDs.

designed to cause a red-shifted emission, thereby enhancing the
spectral overlap integral with the sensitizer fac-Ir(ppy); to im-
prove energy transfer. The PSF films, using 5 wt% TE and 20
wt% sensitizer, showed marginally lower PLQYs and slightly
broader FWHM in all cases when compared to their TE-only
films. This suggests that energy transfer is not fully efficient,
while the significant reduction in excited-state lifetimes of the
emitters (210 ps compared to ~100 ps for the TE-only films)
nonetheless indicates a strong contribution from FRET. In HP-
OLEDs, the EQE, . was 20.7% for the device using PXZ-
tCzBN and 27.6% for both devices using PhPXZ-tCzBN and
MesPXZ-tCzBN. Efficiency roll-off was minimal across all three
devices, with EQE,, values of 18.8%, 25.7%, and 25.5% for
PXZ-tCzBN, PhPXZ-tCzBN, and MesPXZ-tCzBN, respectively.
The devices also demonstrated very low turn-on voltages of
~2.2 V and maintained operation at 3 V even at a luminance
of 1000 cd m~2. Notably, the operational stability of the device
with PhPXZ-tCzBN was particularly high, with the HP-OLED
achieving an LTy of over 3000 h and an LT, over 8600 at
1000 cd m—2.

Among the examples discussed, Ir(ppy); stands out as the
sensitizer of choice for green HP-OLEDs. It has proven suit-
able for sensitizing a wide range of MR-TADF TEs and the re-

Adv. Optical Mater. 2025, 2500514 2500514 (18 of 25)

sulting devices have shown particularly attractive performance
metrics. However, while these studies do highlight the consis-
tent effectiveness of Ir(ppy); as a sensitizer for HP-OLEDs, it
is difficult to determine its specific contribution to device per-
formance given the variability in hosts, TEs, and doping con-
centrations across these reported systems. Despite this, the re-
markable color purity, efficiency, and stability achieved by these
green-emitting systems illustrate the potential of HP-OLED
technology.

3.3. Red Emission

Recent advances in red-emitting MR-TADF emitters have opened
up the potential for their use in HP-OLEDs. Relative to blue and
green HP devices, red-emissive HP-OLEDs have been far less ex-
plored. Cai et al. reported a solution-processable red MR-TADF
emitter, BN-R, designed to address the challenges of low effi-
ciency and color purity in red OLEDs (Figure 11).°%! By mod-
ifying a boron—nitrogen-containing MR-TADF framework with
auxiliary donor and acceptor groups, the emission was red-
shifted to 624 nm (FWHM of 46 nm) yet remained bright (PLQY
of 94% in toluene) and narrowband compared to the parent

© 2025 The Author(s). Advanced Optical Materials published by Wiley-VCH GmbH
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Figure 12. a) EL spectra and b) EQE-L curves of devices with and without sensitizer using T wt% doping of BN-R as the TE. c) The lifetime of devices
with and without sensitizer based on BN-R with 1 wt% doping concentration at an initial current density of 10 mAcm™~2. Adapted with permission.[°8]

Copyright 2023, John Wiley and Sons.

emitter. BN-R was used in HP devices partnered with the sensi-
tizer Ir(mphmaq),tmd. At 3 wt% Ir(mphmgq),tmd and 1 wt% BN-
R, PSF films produced emission exclusively from BN-R, with a
PLQY of 95% and a delayed lifetime of 9 ps, reduced from 71.9
us when there is no sensitizer (Figure 12a). The resulting HP-
OLEDs showed an EQE, ,, 0f20.1%, had moderate efficiency roll-
off with EQE, o, 16.4% and EQE; ,,, 13.3% (Figure 12b). While the
EQE,,,, was slightly lower compared to the devices without the
sensitizer (22.0%), the HP device demonstrated a significantly
longer operational lifetime, with an LT, increasing from 94.7 to
416.7 h (Figure 12c). Device metrics for the HP device are sum-
marized in Table 2.

The devices used a relatively low sensitizer doping concentra-
tion (3 wt%) compared to other high-performing PSF systems.
Furthermore, the authors noted that BN-R likely exhibits pref-
erential horizontal alignment of its transition dipole moment,
which, when combined with its high PLQY, highlights the poten-
tial for further optimization of the device EQE to reach its theo-
retical maximum efficiency.

Fan et al. introduced BNNO, a high-efficiency narrowband
red-emitting MR-TADF emitter designed to deliver excep-
tional color purity and stability in vacuum-deposited devices
(Figure 11).°l BNNO consists of fused indolocarbazole moieties
in a boron/oxygen-embedded skeleton, and is notable as the first
red MR-TADF emitter to meet the BT.2020 red point of (0.708,
0.292). BNNO emits at 637 nm (FWHM of 32 nm) and has a
PLQY of 95% in toluene. The HP-OLEDs employed Ir(piq),acac
as the sensitizer due to its significant spectral overlap with the ab-
sorption spectrum of BNNO. The PSF films showed an intense
emission from BNNO, with a PLQY of 97%. Devices with 8 wt%
Ir(piq),acac and 1 wt% BNNO showed an EQE, , of 34.4%, and
only modest efficiency roll-off (EQE, oy, of 31.4% and EQE yy, of
24.6%). In contrast, the reference device using Ir(piq),acac alone
achieved a significantly lower EQE, ,, 0£19.5%. The high EQE ob-
served in BNNO-sensitized devices was attributed to the strongly
preferential horizontal orientation of the emitting dipoles. Fur-
thermore, the HP devices exhibited exceptional stability, with an
extrapolated LTy exceeding 10 000 h at 1000 cd m~2, far surpass-
ing typical operational benchmarks for red OLEDs. These find-
ings highlight BNNO’s remarkable stability, efficiency, and color
purity, cementing its position as a leading TE for red HP-OLEDs.
Device results are detailed in Table 2.

Adv. Optical Mater. 2025, 2500514 2500514 (19 of 25)

Fan et al. introduced the MR-TADF emitter B4N6-Me,
designed to produce narrowband orange-red emission
(Figure 11).57] The emitter contains four boron atoms and
six nitrogen atoms arranged in para B-z—N and B-z—-B/N-z—-N
patterns. This design balances the narrowband emission char-
acteristics of the para B-z—N motif with the spectral red-shift
introduced by the B—z—B/N-z—N configuration. The resulting
compound emits at 4,,,, 580 nm, has a small FWHM of only
19 nm (70 meV) in toluene and has a high PLQY of 98%.

Bt,Ir(acac) was chosen as the sensitizer at 10 wt%, given signif-
icant spectral overlap with the absorption spectrum of B4N6-Me.
This overlap enables efficient energy transfer, although evidence
of incomplete FRET was observed in the EL spectra, as shown
by a minor shoulder attributed to Bt,Ir(acac). Despite this, the
HP devices achieved outstanding EQE, ,, exceeding 34% when
B4NG6-Me was used at concentrations of 1-2 wt%. At higher lu-
minance levels, the efficiency roll-off behavior was strongly in-
fluenced by the TE concentration; increased DET to B4N6-Me
caused aggregation-induced triplet-triplet quenching, negatively
impacting performance. Optimized devices with 1 wt% B4N6-Me
achieved a remarkable EQE, . of 35.8% with moderate efficiency
roll-oft (EQE; y, of 28.4%). In contrast, control devices using only
B4NG6-Me reached a comparable EQE, , of 31.7% but suffered
from much more severe efficiency roll-off, with an EQE,,, of
just 11.2%. This comparison highlights the effectiveness of the
HP approach in mitigating efficiency roll-off. Notably, the perfor-
mance of the devices was in part attributed to the formation of
an interfacial exciplex between PO-T2T and DMIC-TRZ, which
facilitated RISC. This exemplifies the synergistic interplay be-
tween the device architecture, as well as the choice of host, and
the device performance. Detailed device metrics are summarized
in Table 2.

These studies collectively illustrate how high-performance
red and orange-red devices can be obtained when combining
finely tuned MR-TADF emitters with suitable phosphorescent
sensitizers, including examples that meet the BT.2020 standard
for red.

4. Organic Sensitizers

The growing desire to use sustainable materials has prompted
significant interest in organic sensitizers, including those
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Table 3. Key device performance characteristics of hyperphosphorescent OLEDs with organic sensitizers and MR-TADF emitters.

Sensitizer (S) Terminal emitter (TE) Composition of emissive layer

Turn-on [V] EQE,, [%] EQEie” [%] EQEye® [%]  CIE;,  Apay [m]

3,2-PIC-TXT BN2 mCPBC:S (20 wt%):TE (1 wt%)
3,2-PIC-TXT tCzphB-Fl mCPBC:S (20 wt%):TE (2 wt%)
3,2-PIC-TXT tCzphB-Ph mCPBC:S (20 wt%):TE (2 wt%)
3,2-PIC-XT BN2 mCPBC:S (20 wt9%):TE (1 wt%)
3,2-PIC-XT tCzphB-Fl mCPBC:S (20 wt%):TE (2 wt%)
3,2-PIC-XT tCzphB-Ph mCPBC:S (20 wt%):TE (2 wt%)
Ir(ppy);© BN2 mCPBC:S (10 wt%):TE (1 wt%)
Ir(ppy);° tCzphB-Fl mCPBC:S (10 wt%):TE (2 wt%)
Ir(ppy);° tCzphB-Ph mCPBC:S (10 wt%):TE (2 wt%)
RTP-D2 S-Cz-BN S:TE (2 wt%)
RTP-D3 DtBuCzB S:TE (3 wt%)
RTP-D3 tCzphB-Ph S:TE (2 wt%)
RTP-D3 BNO1 S:TE (1 wt%)

2.8 43.8 - 21.6 0.32, 0.65 540
2.8 433 - 283 0.29, 0.68 538
2.8 40.9 - 28.0 0.23,0.71 526
2.8 419 - 20.9 0.32,0.65 540
2.8 40.6 - 29.3 0.29, 0.67 538
2.8 38.0 - 27.5 0.22,0.71 526
3.2 37.0 - 26.7 0.33,0.65 544
33 37.7 - 30.2 0.29.0.68 538
3.2 38.0 - 30.8 0.23,0.72 528
2.7 26.4 - 18.1 0.12, 0.45 -
2.7 19.4 - 6.0 0.11, 0.47 -
2.8 24.6 - 8.2 0.25,0.70 -
3.4 6.8 - 1.9 0.58,0.35 -

a) b)

External quantum efficiency at 100 cd m=2;

exhibiting room-temperature phosphorescence (RTP). While nu-
merous organic RTP materials have been reported in the litera-
ture, their application in OLEDs has faced significant challenges.
One of the main obstacles is the long phosphorescence lifetimes
typical of these materials. Additionally, factors such as weak spin—
orbit coupling, exciton quenching, and low PLQY complicate the
development of high-performance RTP materials and often re-
sult in poor device performance.l®!

Despite these challenges, recent studies have demonstrated
the potential of organic phosphorescent materials to serve as ef-
fective sensitizers in HP-OLEDs (Table 3). Zeng et al. reported
the compounds 3,2-PIC-XT!®®! and 3,2-PIC-TXT!*’! that can func-
tion remarkably well as sensitizers for the green MR-TADF ter-
minal emitters BN2, tCzphB-Ph, and tCzphB-Fl (Figure 13). The
absorption spectra of the three TEs overlap well with the PL spec-
tra of 3,2-PIC-XT and 3,2-PIC-TXT, enabling efficient FRET. HP-
OLEDs were optimized using 1 wt% BN2, 2 wt% tCzphB-Ph, and
2 wt% tCzphB-Fl, in combination with 20 wt% of the RTP sensi-
tizers. For direct comparison, HP-OLEDs with the phosphores-
cent emitter fac-Ir(ppy); at 10 wt% were also fabricated.

EL emission from 3,2-PIC-XT and 3,2-PIC-TXT was virtually
undetectable in the HP-OLEDs, implying complete energy trans-
fer from the RTP sensitizers to the MR-TADF TEs. The resulting
devices achieved outstanding EQE . values ranging from 38.0%
to 41.9%, surpassing those of devices with fac-Ir(ppy); (which
exhibited EQE, . of 37.0% to 38.0%). Despite these high EQE
values, the devices sensitized by the RTP emitters exhibited ef-
ficiency roll-off values of ~25% to 50% at EQE,,, higher than
those with fac-Ir(ppy); devices, which showed efficiency roll-off
in the region of 20%. To address this, an interlayer sensitization
strategy was implemented, in which the TE emitting layer was
sandwiched in between two thin sensitization layers to reduce
DET. The resulting devices demonstrated much higher EQEs at
1000 cd m~2, suggesting a useful device stack strategy to mitigate
efficiency roll-off.

Xu et al. designed the donor—oxygen—acceptor (DOA) organic
phosphor, RTP-D2, which demonstrated intriguing aggregation-
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External quantum efficiency at 1000 cd m~2;

C e . .
) Heavy metal sensitizer, included for comparison.

induced organic room-temperature electrophosphorescence
(Figure 13).1% This aggregation-induced emission enabled host-
free sensitization of MR-TADF emitters, simplifying the device
architecture and eliminating the need for a wide bandgap host
material. S-Cz-BN (Figure 13) was selected as the TE due to its
favorable spectral overlap with RTP-D2 and its lower T, energy,
which facilitated efficient FRET from S-Cz-BN to RTP-D2. The
doping level of S-Cz-BN was set to 2 wit% to suppress DET. The
EL spectrum of the resulting HP-OLED was much sharper than
in the device using RTP-D2 alone, with an FWHM of 26 nm,
down from 99 nm. The EQE,_,, of the HP-OLED was also
improved, achieving 26.4% (and EQE,,,, = 18.1%) compared to
the nonsensitized device, which showed EQE,, of 15.8% and
EQE, g of 11.7%.

Xu and co-workers explored other DOA organic phosphors,
including RTP-D3, a weakly emissive RTP compound that chal-
lenges the conventional idea that the best sensitizers should also
be high PLQY emitters (Figure 13).*! By replacing the acri-
dine donor for a carbazole, RTP-D3 exhibited a low aggregation-
induced RTP PLQY of 12.8%, in contrast to the 77.5% PLQY
recorded for RTP-D2. Despite this much lower PLQY, RTP-D3
was used in sensitized host-free HP-OLEDs, fabricated with
2 wt% tCzphB-Ph as the TE (Figure 13). The optimized de-
vice architecture showed an EQE , of 24.6%, although severe
efficiency roll-off was observed, with EQE,,,, dropping to
8.2%. Further applications of RTP-D3 were explored in HP-
OLEDs with the blue-emitting DtBuCzB and red-emitting
BNO1 compounds as TEs (Figure 13), achieving EQE, .
of 19.4% and 6.8%, respectively. These results demonstrate
the versatility of this weakly emissive RTP compound as a
sensitizer.

These examples demonstrate the growing potential of purely
organic phosphorescent RTP materials as sensitizers in HP-
OLEDs. As interest in RTP continues to increase, it is expected
that HP-OLEDs sensitized by these materials will see further ad-
vancements, driving the development of more efficient, sustain-
able OLED technologies.
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Figure 13. Structures of the organic sensitizers and MR-TADF TEs employed in HP-OLEDs.

5. Conclusions

This review highlights the transformative potential of pairing
MR-TADF emitters with phosphorescent Pt and Ir sensitizers,
as well as emerging organic RTP sensitizers, in HP-OLEDs. Sig-
nificant progress has been made in optimizing energy transfer

Adv. Optical Mater. 2025, 2500514 2500514 (21 of 25)

processes, materials design, and device architectures, resulting
in improved efficiencies, color purity, and operational lifetimes
in devices emitting across the visible spectrum and beyond.

Key trends reveal that high FRET efficiency remains central
to achieving high exciton utilization efficiency and minimizing
degradation pathways, such as TTA. Efficient FRET relies on a
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strong spectral overlap between the emission of the sensitizer
and the absorption of the TE. Greater spectral overlap not only
improves energy transfer efficiency but also extends the Forster
radius, enabling exciton transfer over larger distances. This is
particularly beneficial in reducing exciton losses due to quench-
ing. Selecting sensitizers to avoid long, low-energy emission tails
is critical to maximizing these benefits. Advances in MR-TADF
molecular design, such as incorporating sterically bulky groups
and rigid frameworks, contribute to reducing undesired excimer
formation as well as DET and improving device stability and color
purity. These strategies have also shown success in platinum- and
iridium-based sensitizers. Prioritizing FRET over DET in HP de-
vices leads to reduced efficiency roll-off in the device that also
translates into more stable devices.

Another critical consideration is the role of sensitizer or
TE concentration in optimizing energy transfer efficiency.
Higher doping concentrations can enhance FRET by enabling
closer proximity between donor and acceptor molecules, ulti-
mately leading to improved exciton utilization and overall de-
vice efficiency. However, this requires careful molecular de-
sign to prevent quenching effects, such as aggregation or ex-
cimer formation, which can offset these benefits. While some
systems have shown efficient energy transfer at high dop-
ing concentrations, many high-performing HP-OLEDs have
benefitted from lower doping levels of the TE that strike
a balance between energy transfer efficiency and minimal
quenching.

Both Pt- and Ir-based sensitizers have been shown to work ef-
fectively in HP-OLEDs, with examples available across a range of
emission colors. Recently, organic RTP materials have emerged
as a promising class of sensitizers, offering a more sustain-
able alternative to organometallic phosphors, and expanding the
range of materials available for HP-OLEDs. Of the examples sur-
veyed, Ir-based sensitizers tend to produce HP-OLEDs showing
higher external quantum efficiencies and reduced efficiency roll-
off. Among the MR-TADF TEs, v-DABNA has been used promi-
nently in both HF- and HP-OLEDs, and has been shown to work
compatibly with a large number of Pt and Ir sensitizers. These
HP devices consistently show EQE , above 20%, with many ex-
amples exceeding 30%, and display moderate roll-off. v-DABNA
offers a combination of narrowband emission, fast kg4, high
PLQY, and strong absorption, all of which are desirable in a TE.

A vparticularly promising approach that has emerged is the
development of materials and device designs that enable effi-
cient recycling of triplet excitons to form radiative singlets on
the TE. HMCT designs have been shown to facilitate RISC in
MR-TADF emitters, providing a route to improved triplet exciton
recycling in HP-OLEDs. While HMCT-based TEs have demon-
strated promising performance in HP-OLEDs, with high EQEs
and reduced efficiency roll off in some cases, systematic stud-
ies comparing HMCT and non-HMCT TEs are lacking, mak-
ing it difficult to attribute these improvements in device perfor-
mance solely to exciton recycling. Similarly, EPHTADF (Energy-
Exchanging Phosphorescence and TADF) systems offer an alter-
native exciton management strategy, dynamically recycling exci-
tons between the sensitizer and MR-TADF TE to reduce triplet
accumulation and enhance operational stability.

While significant advances have been made, further progress
in PSF systems will require careful consideration of several in-
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terrelated factors. In many of the studies discussed, TE concen-
trations are optimized to achieve efficient FRET, as indicated by
the absence of sensitizer emission. However, apparent FRET ef-
ficiency does not necessarily equate to absolute exciton harvest-
ing efficiency, as alternative pathways such as DET followed by
upconversion (or indeed, non-radiative decay) may contribute to
hidden exciton pathways. Focusing predominantly on optimiz-
ing the TE concentration may also overlook opportunities to en-
hance energy transfer dynamics and device performance. Since
sensitizers too play a critical role in determining FRET efficiency
and exciton dynamics, tailoring sensitizer concentrations along-
side TE concentrations could unlock further improvements in ef-
ficiency, stability, and efficiency roll-off behavior. Future research
should consider not only optimizing FRET efficiency but also sys-
tematically investigating hidden loss channels, ensuring that en-
ergy transfer mechanisms are fully understood and leveraged to
maximize device performance. The use of organic RTP materials
as sensitizers presents a promising direction for more sustain-
able HP-OLEDs, though challenges remain, such as efficiency
roll-off at high luminance. Nonetheless, recent strategies such as
interlayer sensitization and host-free RTP systems have demon-
strated significant potential in overcoming these obstacles.

To optimize HP-OLED performance the following considera-
tions are required.

1) Spectral overlap to induce efficient FRET: Prioritize a strong
overlap between the emission spectrum of the phosphores-
cent sensitizer and the absorption spectrum of the MR-TADF
emitter. This maximizes FRET efficiency and increases the
Forster radius, critical for effective energy transfer.

2) Sensitizer-emitter pairing to target specific emission color:
Tailor the combination of sensitizers and emitters to ensure
optimal energy transfer dynamics and narrowband emission
uniquely from the TE, avoiding emission tails in the sensitizer
that fall below the emitter’s absorption range and minimizing
non-radiative losses.

3) Sterically bulky substituents on the sensitizer and/or TE:
The strategic incorporation of sterically bulky substituents
not only mitigates aggregation and excimer formation but
also suppresses undesired DET, especially when the sensitizer
and/or TE is used at relatively high doping concentrations.

4) Optimized doping concentrations: Carefully balancing the
doping levels of the sensitizers and the TE is needed not only
to ensure efficient FRET but also to control concentration
quenching and, in some cases, charge transfer kinetics within
the emissive layer.

5) Exciton management: Building in pathways for triplet exci-
tons to be rapidly converted into radiative singlets on the TE,
either through RISC on the TE or via FRET to the host or sen-
sitizer may lead to more efficient and stable devices.

These five factors are closely interconnected, requiring materi-
als and device optimization such that not only are the properties
of each of the sensitizer and TE fine-tuned, but that their pho-
tophysics is suitably matched to permit effective energy transfer.
The examples surveyed here are a testament to the potential of
HP-OLEDs to deliver long-coveted efficient and stable devices.
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