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ABSTRACT 

Blue organic light-emitting diodes (OLEDs) utilizing triplet-harvesting emitters require the use of high-triplet-energy hosts and 
blocking layers to confine the triplet excitons to the emitter. The use of these materials poses design challenges, while potentially 
compromising charge transport and operational stability. Here, we present efficient single-layer blue OLEDs comprising solely 
of a neat thermally activated delayed fluorescence (TADF) emitter sandwiched between two charge-injecting electrodes, without 
using high-triplet-energy materials. By further incorporating a narrow-band terminal emitter, we simultaneously improve the 
charge balance and color purity, realizing pure-blue single-layer hyperfluorescent OLEDs with an external quantum efficiency 
(EQE) of 21.1% and minimal efficiency roll-off. Analysis of the charge transport reveals that the improvement in charge balance 
is caused by the offset in ionization energy between the TADF sensitizer and the terminal emitter, slowing down hole transport. 
Our results demonstrate the feasibility of efficient pure-blue single-layer OLEDs without auxiliary high-triplet-energy materials, 
featuring a simple design and added stability benefits. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 Introduction 

Organic light-emitting diodes (OLEDs) represent a promising
technology for next-generation light sources and are well estab-
lished in high-end displays, owing to their superior color render-
ing, thinness, low power consumption, and their compatibility
with flexible displays [ 1 ]. However, current blue OLEDs based
on triplet-harvesting emitters still lack sufficient operational
stability, hindering their use in commercial applications [ 2 ]. In
addition, highly efficient OLEDs usually consist of a multilayer
stack comprising several charge-transport and blocking layers,
in order to confine the excitons and charges to the emissive
layer [ 3 ]. Apart from the fact that such multilayer OLEDs
are difficult to design, for blue OLEDs, the necessary high-
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triplet-energy ( ET ) host materials and blocking layers potentially
contribute to device degradation [ 4, 5 ]. Furthermore, from a
research perspective, analyzing the device physics and identifying 
the cause of degradation within a complex multilayer stack is
challenging [ 6 ]. 

Recently, highly efficient single-layer OLEDs based on TADF 
emitters were realized as promising alternatives. Such single- 
layer OLEDs do not contain charge-transport or blocking lay-
ers, offering advantages in terms of design, fabrication, and
operational stability [ 6–8 ]. In particular, single-layer OLEDs
have been demonstrated to be fundamentally more stable 
than their multilayer counterparts, as the broad recombination 
zone inside the active layer reduces the density of excitons
its use, distribution and reproduction in any medium, provided the original work is properly 
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and polarons, the interaction between which is believed to
be the main cause of device degradation under operation.
Highly reactive excitons and polarons can be generated by the
exciton annihilation events, such as triplet-triplet (TTA) and
triplet-polaron (TPA) interactions, which are capable of attack-
ing the chemical bonds, with the resulting fragments causing
charge traps during device operation [ 9 ]. In the presence of
blocking layers, charges and excitons may accumulate at the
interfaces, increasing their interactions and accelerating degra-
dation. Indeed, the choice of interface materials surrounding
the emissive layer has been shown to play a crucial role in
degradation [ 10–13 ]. 

Recently, we have demonstrated a highly efficient sky-blue OLED
in a single-layer structure [ 8 ]. Although a virtually 100% internal
quantum efficiency was achieved without charge- or exciton-
confinement layers, a high-triplet-energy host material was still
required. Furthermore, as is common with TADF emitters due to
the charge-transfer character of the excited states, the emission
spectrum was broad, compromising color purity. 

To obtain a narrow emission spectrum while still harvesting
triplet excitons via TADF, the concept of hyperfluorescence has
been introduced [ 14, 15 ]. In this concept, the excited stated created
on the TADF sensitizer is transferred to a fluorescent terminal
emitter with a narrow emission spectrum via Förster resonance
energy transfer (FRET). By using a low concentration of the
terminal emitter, typically around 1%, short-range Dexter transfer
of triplet excitons can be minimized [ 16 ]. 

However, since the terminal emitter is required to have a smaller
bandgap than the TADF sensitizer, the addition of such fluo-
rescent emitter is expected to cause unintended charge trapping
of either electrons, holes, or both. It is known that charge
trapping can drastically reduce the charge transport in organic
semiconductors, even if the concentration of charge traps is in the
order of only 1023 m− 3 , which equates to a relative concentration
of only 0.01%–0.1% [ 17, 18 ]. Surprisingly, this fundamental issue
with hyperfluorescence has been hardly addressed to date. Only
a qualitative effect of charge trapping has been reported without
systematic analysis of the charge transport [ 19, 20 ]. Recently,
it was demonstrated that charge trapping in a hyperfluorescent
OLED can be avoided in case the energy levels of the terminal
emitter are within the energetic disorder of charge transport
states of the host and/or sensitizer [ 21 ]. However, it is still
unclear if strategical trapping on the terminal emitter can be used
to positively influence the charge balance in hyperfluorescent
OLEDs. 

Here, we demonstrate efficient pure-blue single-layer OLEDs
based on hyperfluorescence, without the use of high triplet energy
auxiliary materials. By using a terminal emitter with a lower
ionization energy than the neat TADF matrix, the hole transport
is slowed down, improving the charge balance compared to
the hole-dominant neat TADF emitter. Balancing the charge
transport upon optimizing the terminal-emitter concentration
leads to increased OLED efficiencies. As a result, EQEs of
above 20% are demonstrated for single-layer pure-blue OLEDs,
without host, charge-transport, or charge- and exciton blocking
materials. 
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2 Results and Discussion 

As a first step, the blue TADF emitter DMAC-DPS
(10,10 ′ -(4,4 ′ -sulfonylbis(4,1-phenylene))bis(9,9-dimethyl- 
9,10-dihydroacridine)) was selected. This emitter exhibits an 
electroluminescence peak at 480 nm and demonstrates excellent 
concentration-insensitive properties, with a photoluminescence 
quantum yield (PLQY) of 0.88 in the neat film [ 22 ].
Single-layer OLEDs based on DMAC-DPS were fabricated 
with a device structure of ITO/PEDOT:PSS:PFI/DMAC- 
DPS(92 nm)/Ba(5 nm)/Al (100 nm) (inset in Figure 1a ).
Essentially, the emissive layer (DMAC-DPS) is directly 
sandwiched between the anode and cathode, without employing 
any high triplet energy surrounding layers for exciton or
charge confinement. The spin-coated PEDOT:PSS:PFI (poly(3,4- 
ethylenedioxythiophene):polystyrene sulfonate: perfluorinated 
ionomer) film exhibits a high work function of 5.9 eV and forms
an ohmic hole contact with DMAC-DPS, which has an ionization
energy (IE) of 5.9 eV, as shown in Figure S1 and is consistent
with previous results [ 8 ]. Owing to the efficient charge injection,
our single-layer OLED with a pristine DMAC-DPS emissive 
layer showed a maximum EQE of 19.2% (Figure 1b ), without
using high ET functional layers. The device exhibited sky-blue 
electroluminescence at 490 nm with CIE1931 coordinates of 
(0.16, 0.36). Due to the ohmic charge injection directly into
the emissive layer, low operating voltages were achieved, with
a turn-on voltage of only 2.8 V, leading to a high luminous
efficacy of 43 lm/W. For comparison, a reported single-layer
OLED with a neat DMAC-DPS emissive layer showed an EQEmax 
of only 0.11% [ 10 ], which we ascribe to the used (non-ohmic)
contacts. By contrast, reported multilayer OLEDs based on 
neat DMAC-DPS showed an EQE of up to 19.5% by including a
high ET charge and exciton confinement layer, which, however, 
increased the operating voltage, resulting in a lower luminous
efficacy of 19 lm/W [ 10 ]. Our results, therefore, demonstrate that
high-efficiency TADF OLEDs are feasible even without any high
ET auxiliary materials. 

To understand the outstanding performance of this simple blue
OLED, we investigated the charge transport characteristics of the
emitter. In a single-layer OLED, charge balance is exclusively
determined by the charge-transport properties of the emissive 
layer. Therefore, we fabricated hole-only (HOD) and electron- 
only (EOD) devices of DMAC-DPS films sandwiched between 
ohmic contacts. In Figure S2 , the measured current density
versus voltage ( J - V ) characteristics of the single-carrier devices
are compared. At high voltages, the hole and electron current are
close to each other, indicating quite balanced charge transport.
However, at lower voltages, the electron current is clearly lower
and exhibits a stronger voltage dependence than the hole current.
This implies that the electron transport is trap limited, which
is common for organic semiconductors with a low electron
affinity (EA) [ 23 ]. The charge transport was quantified by fitting
the temperature-dependent current-voltage characteristics with 
drift-diffusion simulations incorporating the extended Gaussian 
disorder model for the mobility [ 24, 25 ]. We obtained a zero-
field and zero-density hole mobility of 2.4 × 10− 12 m2 V− 1 s− 1 . 
The electron mobility at zero field and density amounted to 6.9
× 10− 12 m2 V− 1 s− 1 , which is comparable to the hole mobility. 
However, the electron transport is additionally hindered by deep
Advanced Optical Materials, 2026
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FIGURE 1 Device performance of a single-layer DMAC-DPS OLED with no high ET materials. a) Current density-voltage and luminance-voltage 
characteristics of a DMAC-DPS OLED with an emissive layer thickness of 92 nm. The inset shows the device structure. b) EQE and luminous efficacy 
versus luminance with the electroluminescence spectrum displayed in the inset. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2 Energy level diagram of the single–layer hyperfluores- 
cence OLED. The emissive layer consists of ν-DABNA doped in DMAC- 
DPS and is sandwiched between an ohmic anode (PEDOT:PSS:PFI) and 
a Ba/Al cathode. The PEDOT:PSS:PFI layer aligns well with the HOMO 

level of DMAC-DPS ( − 5.9 eV), enabling efficient hole injection, while 
the Ba/Al cathode allows electron injection into the LUMO ( − 2.9 eV), 
forming a complete device without the need for additional charge 
transport or blocking layers. 
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electron traps with a density of 8 × 1022 m− 3 , which makes DMAC-
DPS a hole-dominated emitter. To summarize, the high EQE
of the single-layer DMAC-DPS OLEDs can be explained by the
ohmic charge injection and the fairly balanced mobilities, but the
presence of electron trapping demonstrates that there is still room
for improvement with regard to charge balance. 

The demonstration of 19% EQE in a single-layer blue OLED shows
that high efficiency is feasible without any high ET materials.
However, the EL spectrum of DMAC-DPS has a full width at half
maximum (FWHM) of 62 nm, which compromises color purity.
Therefore, we incorporated the multi-resonance TADF material
ν-DABNA into the emissive layer as a narrow-band blue terminal
emitter [ 26 ], which has a singlet excited state S1 of 2.65 eV and can
be excited by energy transfer from DMAC-DPS (S1 = 2.7 eV) [ 22 ].
ν-DABNA has a photoluminescence peak at 468 nm and a FWHM
of 14 nm in toluene solution [ 26 ]. For a single-layer OLED based
on DMAC-DPS doped with a small concentration of ν-DABNA,
the energy-level diagram is shown in Figure 2 . Since the IE of ν-
DABNA (5.4 eV) [ 26 ] is lower than the IE of DMAC-DPS (5.9 eV)
[ 22 ], it is expected that this terminal emitter causes hole trapping,
while the electron transport should not be affected based on the
energy levels. 

To verify hole trapping by ν-DABNA experimentally, we fab-
ricated HODs and EODs of DMAC-DPS with different doping
concentrations of ν-DABNA. The J - V characteristics of the HODs
are displayed in Figure 3a . It is evident that the hole current drops
by a factor of 20, just by incorporating 0.5% of ν-DABNA. This
clearly demonstrates hole trapping on the ν-DABNA molecules.
By increasing the ν-DABNA concentration, the hole current
drops further, which is expected with an increasing hole-trap
concentration. To quantify the amount of hole traps due to
the incorporation of ν-DABNA, the hole currents were fitted
with drift-diffusion simulations, based on the charge-transport
parameters for pristine DMAC-DPS and including additional hole
traps. The hole traps were assumed to be distributed in energy
according to a Gaussian with a width of 0.1 eV. The hole-trap
depth was determined to be 0.51 eV, corresponding well to the IE
offset between DMAC-DPS and ν-DABNA. It should be noted that
the effective trap depth is noticeably smaller [ 21 ], because of the
Advanced Optical Materials, 2026
high energetic disorder ( σ= 0.15 eV, as determined from the hole-
transport simulations) of the density-of-states (DOS) distribution 
of DMAC-DPS. This is taken into account in the drift-diffusion
simulations by subtracting a value of σ2 /(2 kT ) (where k is the
Boltzmann constant and T is the temperature) from the absolute
trap depth of 0.51 eV. Effectively, the mean hole-trap depth is only
0.07 eV, with a variance due to the assumed width of the Gaussian
trap-DOS distribution. 

The extracted hole-trap densities are displayed in the inset of
Figure 3a . The hole-trap density was determined to be 1.8 ×
1024 m− 3 for a doping concentration of 0.5% of ν-DABNA. In the
simulations, a hopping distance of 1.4 nm for pristine DMAC-
DPS, which corresponds to a density of states of 3.6 × 1026 m− 3 .
As a result, the extracted trap density 1.8 × 1024 m− 3 equates
to a relative trap concentration of 0.5%, practically the same as
3 of 7
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FIGURE 3 Charge transport in DMAC-DPS as a function of the ν-DABNA doping concentration. a) Current density-voltage characteristics of 
HODs at different doping concentrations (symbols). Solid lines are the corresponding drift-diffusion simulations, with the use hole-trap concentration 
displayed in the inset. b) Current density in HODs and EODs at a voltage of 5 V (corrected by the built-in voltage of 0.5 V for EODs). The thickness of 
the active layers of both HODs and EODs are 94 nm (0%), 101 nm (0%), 101 nm (1%), and 103 nm (3%). 
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the doping concentration of ν-DABNA. For a high ν-DABNA
concentration of 3%, the modeled trap density is lower than
expected, which could be due to the nature of ν-DABNA to
aggregate [ 27 ], implying that one trap site corresponds to multiple
ν-DABNA molecules. Such aggregation-induced quenching is
also confirmed by the reduction in PLQY between the 0.5%
doped film (90%) and the 3% doped film (63%). The variation
of the hole current over two orders of magnitude upon doping
demonstrates the high sensitivity of the charge transport even to
small concentrations of terminal emitters, even despite the very
shallow effective hole-trap depth in this case. 

In contrast to the hole currents, the electron currents are only
marginally affected by doping with ν-DABNA, as displayed in
Figure S3 ,. Figure 3b shows the electron and hole current density
at 5 V, as a function of the doping concentration. While there is
a large drop in the hole current densities due to hole trapping
on ν-DABNA, the electron current density remains stable, which
means that ν-DABNA has almost no effect on the electron
transport of DMAC-DPS. This implies that doping with ν-DABNA
can shift the charge balance from hole dominated to electron
dominated in DMAC-DPS. 

Recently, we have demonstrated that shifting the recombination
zone away from the metal electrode improves the EQE in single-
layer OLEDs due to improved light outcoupling [ 28 ]. Since
doping ν-DABNA into DMAC-DPS shifts the charge balance from
hole dominated to electron-dominated, we would expect charge
recombination to take place closer to the anode, thereby improv-
ing optical outcoupling. To confirm this, single-layer OLEDs of
DMAC-DPS with different ν-DABNA doping concentrations were
fabricated. Figure 4 shows the current density-voltage-luminance
( J-V-L ), EQE as function of luminance, and EL spectra, with the
performance metrics listed in Table 1 . 

First of all, the hyperfluorescent OLEDs exhibit narrow-band blue
emission with an FWHM of 21 nm, confirming full energy transfer
from DMAC-DPS to ν-DABNA. Near complete energy transfer
was also observed in steady-state PL experiments (Figure S9 ). The
OLED doped with 0.5% ν-DABNA achieves the highest EQE of
21.1%, still remaining at 18.9% at a brightness of 1000 cd m− 2 ,
which demonstrates both improved efficiency and lower roll-off
4 of 7
compared to neat DMAC-DPS. We conjecture that the small roll-
off is caused by the high-energy excitons being largely consumed
by ν-DABNA through radiative decay rather than participating in
annihilation processes that reduce the efficiency at high bright-
ness. The device exhibited a pure blue color with chromaticity
coordinates of CIE1931(x, y) (0.12, 0.17), compared to the sky-
blue color of pristine DMAC-DPS (0.16, 0.36). Regarding the other
doping concentrations, the EQE characteristics of the OLED 

with 1% ν-DABNA concentrations are fairly similar, whereas the
EQEmax decreases to 15.3% for a 3% doping concentration. 

Potentially, at 3% doping ratio, hole trapping becomes so severe
that free charges would recombine directly on ν-DABNA rather
than FRET energy transfer from the DMAC-DPS sensitizer.
In this scenario, DMAC-DPS would no longer be electrically
excited for higher ν-DABNA concentrations, which is in line
with the operational stability measurements on these OLEDs, as
reported in Table 1 . With increasing ν-DABNA concentration, the
lifetime of the OLEDs improves substantially. As DMAC-DPS is
a very unstable emitter with low bond-dissociation energies [ 29 ],
transferring the excited state to ν-DABNA leads to considerable
lifetime improvements. At a ν-DABNA concentration of 3% 

though, the lifetime improvement comes at the expense of quan-
tum efficiency and driving voltage, the latter being the result of
heavy hole trapping. The slight shift in peak emission wavelength
further confirms the tendency of ν-DABNA to aggregate at higher
doping concentrations [ 30 ] and exhibit concentration quenching,
which may also be responsible for the lower PLQY (63%). 

In fact, the drop in PLQY for 3% ν-DABNA doping can fully
explain the reduced EQEmax of 15.3%. The optical outcoupling in
a single-layer OLED is expected to increase for a recombination
zone shifting away from the metal cathode [ 28 ]. Therefore, the
shift from a hole-dominated to an electron-dominated device 
upon ν-DABNA doping first increases the EQE via improved
outcoupling, whereas the reduced EQE at higher ν-DABNA 

loading is mainly an effect of a reduced PL efficiency due to
concentration quenching. Overall, we here demonstrate that 
the position of the recombination zone can be controlled by
modifying the charge transport by adding a dopant, whereas the
position usually depends on the intrinsic charge transport of the
emitter in single-layer OLEDs [ 28 ]. 
Advanced Optical Materials, 2026
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FIGURE 4 OLED performance of hyperfluorescent OLEDs at different ν-DABNA doping concentrations. a) Current density-voltage and 
luminance-voltage characteristics. b) EQE as a function of luminance. c) Normalized EL spectra, with the EL spectrum of neat DMAC-DPS as a reference 
(dashed line). d) Maximum EQE of OLEDs versus doping concentration (%). 

TABLE 1 Performance metrics of DMAC-DPS single-layer OLEDs as a function of ν-DABNA doping concentration. 

Doping 
concentration 

Von 
[V]a) 

EQEmax 
[%] 

EQE100 
[%]b) 

EQE1000 
[%]c) 

λEL 
[nm]d) 

FWHM 

[nm]e) 
LT50 

[min]f) 
CIE 

(x,y) 

0% 2.8 19.2 18.3 14.5 490 62 0.5 
0.16,0.36 

0.5% 2.9 21.1 20.7 18.9 471 21 7 
0.12,0.17 

1% 2.8 20.7 20.5 18.2 473 21 18 
0.12,0.18 

3% 2.9 15.3 14.2 12.0 475 21 128 
0.11,0.20 

a) Turn-on voltage at 1 cd m− 2 . 
b) EQE at 100 cd m− 2 . 
c) EQE at 1000 cd m− 2 . 
d) EL peak wavelength. 
e) FWHM of EL spectrum. 
f) device lifetime to 50% of the initial luminance under constant current stress of 10 A m− 2 , corresponding to a luminance of around 200 cd m− 2 . 
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3 Conclusions 

In summary, we have demonstrated efficient pure-blue single-
layer OLEDs without employing high-triplet-energy auxiliary
materials. First, simple blue OLEDs based on a single layer
of neat DMAC-DPS sandwiched between two electrodes were
demonstrated. Subsequently, the broad emission spectrum of
Advanced Optical Materials, 2026
DMAC-DPS was narrowed by adding a low concentration of
the MR-TADF emitter ν-DABNA as a terminal emitter. Due
to shallow hole trapping on ν-DABNA, the charge balance is
improved, leading to simple-structure pure-blue OLEDs with 
an EQE of up to 21% and low efficiency roll-off. Balancing the
charge transport avoids the use of high triplet energy blocking
layers, which frequently compromise operating voltage and 
5 of 7
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stability. While the stability of the OLEDs presented here is
still rather low due to the instability of DMAC-DPS, our results
demonstrate that efficient host-free pure-blue single-layer OLEDs
are feasible, minimizing the number of components of the
organic-layer stack. 

4 Experimental Section 

4.1 Materials 

Nafion (PFI) was purchased from Sigma–Aldrich as 5 wt.%
solution in a mixture of lower aliphatic alcohols and water,
containing 45% water. ν-DABNA and DMAC-DPS were purchased
in sublimed grade from Ossila BV. 

4.2 Device Fabrication 

OLED devices were fabricated on ITO, which was pre-patterned
on top of glass substrates. The substrates were cleaned by
ultrasonication in acetone (5 min) and isopropyl alcohol (5 min)
each, followed by UV–ozone treatment (50 min). PEDOT: PSS:
PFI blends were prepared by mixing PEDOT:PSS (CLEVIOS P
VP AI 4083) with Nafion in a 1:6:14 ratio by wt. and diluted in
deionized water (1:1), stirring it overnight. PEDOT:PSS:PFI was
spin coated on freshly UV-treated ITO substrates and annealed
at 130◦C for 12 min, resulting in films of ∼ 20 nm thickness. The
substrates were then transferred to a high vacuum chamber for
thermal evaporation of the emissive layer under an operation
pressure of 2 × 10− 6 to 3 × 10− 6 mbar. Barium (5 nm) and
aluminum (100 nm) were evaporated consecutively to build the
top electrode. For hole-only devices, a top contact consisting
of C60 (4 nm), MoO3 (10 nm), and aluminum (100 nm) was
evaporated. For electron-only devices, aluminum (30 nm) was
vacuum deposited on cleaned glass substrates and exposed to
air for 5 min oxidation, followed by thermal evaporation of the
emissive layer, a TPBi (4 nm) interlayer, and a barium (5 nm) and
aluminum (100 nm) top electrode. 

4.3 Measurements 

Electrical characterization was carried out in a nitrogen-filled
glovebox with a Keithley 2400 source meter, and light output was
recorded with a Si photodiode with NIST-traceable calibration.
The photodiode was placed close to (but not in contact with) the
OLED to capture all photons emitted in a forward hemisphere,
and no light was captured from the substrate edges. The EQE,
the luminance, and power efficiency were calculated from the
measured photocurrent, the device current, and the electrolumi-
nescence spectrum. Electroluminescence spectra were obtained
with a USB4000-UV–VIS-ES spectrometer. 
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