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Interface Exciplex Formation in TADF Organic Light-Emitting
Transistors

Amirhossein Azari, *2 Georgios Fanourakis, * Shujie You, ¢ Isabella Concina, ¢ and Caterina
Soldano*2b

Thermally-activated delayed fluorescence (TADF) materials have received large attention for their ability to harvest both
singlet and triplet excitons via reverse intersystem crossing (rISC), enabling near 100% internal quantum efficiency without
relying on scarce heavy-metal complexes. While TADF emitters are largely used in organic light-emitting diodes (OLED), their
implementation in organic light-emitting transistor (OLET), a device platform that uniquely combines transistor switching
and light emission, remains relatively underexplored. In this work, we fabricated and investigated the integration of 2CzPN,
a blue-emitting TADF molecule, doped into the high-triplet-energy host DPEPO in different architectures, to explore their
potential for efficient and colour-tunable light emission. We explored multilayer heterostructures which include (or not) an
electron transport layer, and we found: an approximate 10 wt% doping of 2CzPN in the DPEPO host yielded optimal
performance in all cases. However, two-layer devices (no electron transport layer) exhibited intrinsic emission, typically of
2CzPN, while the addition of the electron transport layer produced both a redshift of the emission (green emission) and the
onset of an additional spectral contribution due to the formation of interfacial exciplexes at the emissive layer/e-transport
interface. Our results demonstrate the dual advantage of TADF emitters in field-effect devices: efficient triplet harvesting
and tunable emission via interface engineering, thus suggesting the importance of optimizing both emitter design and device

architecture for high-performance, color-tunable organic transistors.

1. Introduction

Organic electronic materials have gathered continuously
increasing and significant attention as promising candidates for
next-generation optoelectronic applications, owing to their
distinctive advantages such as low-cost processability,
lightweight and flexible form factors, and the ability to fine-tune
optical and electronic properties via molecular design. 13 These
characteristics are particularly advantageous in applications like
wearable and flexible electronics, where traditional inorganic
and CMOS-based systems face intrinsic limitations due to
material rigidity and resource scarcity.* Organic materials can
be precisely engineered through synthesis to achieve specific
functionalities, are generally inexpensive, and in some cases
biocompatible; they are suitable and easy to integrate into low-
cost manufacturing processes, while offering a

environmentally-friendly route for end-of-life disposal.*

more

Upon demonstration of semiconducting behaviour in
organic molecules, the field of organic electronics has seen a
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Supplementary Information available: (A)Time-resolved photoluminescence (TRPL)
of DPEPO:2CzPN blends. (B) Morphology of different organic interfaces within the
stack. (C) Optoelectronic characterization of two-layer heterostructure OLETs (2L-
OLET). (D) Luminescence in organic heterostructures. See DOI: 10.1039/x0xx00000x

rapid expansion;> ¢ for example, organic light-emitting diodes
(OLEDs) are currently routinely commercialized for applications
mainly in display and lighting technologies, owing to their high
electroluminescence efficiency, excellent colour quality, and
compatibility with diverse substrates. 27 OLEDs rely on a vertical
(and
transport), which requires at least one transparent electrode to
extract the light, thus introducing device complexity and cost. 7

device architecture corresponding vertical charge

In recent years, organic light-emitting transistors (OLETs)
have emerged as a potential light-emitting (and sensing) device,
alternative and/or complementary to OLEDs.® OLETs integrate
the light-emission functionality of OLEDs with the switching
behaviour of field-effect transistors within a planar, lateral
structure.® This enables spatial modulation of emission, releases
the requirement for transparent electrodes (light can be
generated in the channel), and can potentially enable a
simplified, pixel-integrated optoelectronic components.1% 11
Although this device platform is still not fully understood and
developed vyet, it has been shown that it can potentially
outperform OLED equivalent in terms of device efficiency when
using the same set of materials.1?

Achieving  high-performance

organic  light-emitting

transistors requires simultaneous optimization of several
parameters, including organic semiconductors exhibiting high
charge carrier mobility for efficient transport, 1314 highly

efficient emissive materials for bright light generation, °
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dielectric interface engineering 16 and suppression of interfacial
trap states.l’. 18

State-of-the-art OLETs have achieved notable external
quantum efficiencies (EQEs) up to 8 % for fluorescent
emitters,® with some devices demonstrating high brightness
exceeding 1000 cd/m? and good stability while using van der
Waals-like heterojunctions and optical microcavities.19-21

In terms of emissive organic materials and their efficiency,
the introduction of thermally-activated delayed fluorescence
(TADF) emitter by Adachi's group in 2012 represented a key
advancement.?? TADF materials overcome the 25% internal
quantum efficiency (IQE) limitation inherent to conventional
fluorescent emitters by using reverse intersystem crossing
(rISC) to harvest triplet excitons via thermal activation, thereby
achieving near 100% IQE without the need for heavy-metal
complexes.?® 2* These purely organic emitters are typically
designed with donor and acceptor moieties that minimize the
singlet-triplet energy gap (AEst), enhancing rISC and enabling
efficient emission from both singlet and triplet states.?>-28
Compared to phosphorescent emitters, TADF molecules offer
comparable efficiencies while reducing cost and need for rare-
earth elements and improving colour instability (especially in
the blue spectral region). Advancement in molecular design
have further improved device performance, with reported EQE
exceeding 30-40 % in OLEDs, alongside narrowband emission.?®

Despite the growing use of TADF materials in OLEDs in the
last few years, their integration into field-effect light-emitting
transistor architectures remains relatively unexplored. Early
demonstrations used intermolecular TADF exciplex systems
TCTA:B3PYMPM,
performances, including EQEs around 1% and luminance values

such as which  achieved modest
over 1000 cd/m?3. 3% Further work on intramolecular TADF
including 4CzIPN and ACRXTN,

improvements in brightness levels (100-1000 cd/m?) and carrier

emitters, has shown
modulation, while values of EQE remaining limited primarily
due to light outcoupling efficiency and optical losses near the
metallic contacts. ° Laterally integrated OLETs exploiting optical
amplification due to optical microcavities have also shown
promising results in terms of efficiency and colour purity for red
and green colours. 12

In this work, we report on the fabrication and optoelectronic
characterization of bottom-gate, top-contact multilayer
heterostructure organic light-emitting transistors employing
the TADF emitter 2CzPN. Light emission is achieved through a
host-guest system, with 2CzPN doped into the wide-gap, high-
triplet-energy host DPEPO, facilitating efficient
confinement and radiative recombination. Our results show

exciton

that (a) emitter concentration of approximately 10 wt% doping
ratio of 2CzPN vyields improved performance in terms of light
output efficiency and carrier modulation and (b) the presence
of the electron transport layer (on top of the emissive layer)
leads to a shift in the electroluminescence spectrum from sky-
blue emission with colour coordinates (0.26, 0.50) to green
emission with coordinates (0.18, 0.38) as well as an additional

2| J. Name., 2012, 00, 1-3

spectral component (at 570 nm) which we attributed to the
formation of interfacial exciplexes at tRelBeubdarpTePsGeh
interface.

2. Experimental details

2.1.Device fabrication

Glass substrates with pre-patterned indium tin oxide (ITO)
were initially cleaned according to the following protocol:
sonication for 10 minutes in a diluted Hellmanex Il solution,
then in deionized (DI) water for 5 minutes, twice in acetone for
10 minutes each and in 2-propanol for 10 minutes. Substrates
were dried using nitrogen and then treated with oxygen plasma
(100 W power for 15 minutes) to promote hydrophilicity prior
to the dielectric layer deposition. A solution of polymethyl
methacrylate (PMMA, Allresist AR-P 679.24) was then spin-
coated onto the substrates and then annealed at 110 °C for 30
minutes in ambient conditions to remove any residual solvent.
Organic semiconductor materials and silver electrodes were
deposited via thermal evaporation in a Moorfield
MiniLab90 system. The organic
semiconductors, 2,7-Dioctyllbenzothieno3,2-
blbenzothiophene (C8-BTBT, Sigma Aldrich) and 5,5'-Bis((5
perfluorohexyl)thiophen-2-yl)-2,2'-bithiophene (DFH-4T, Sigma
Aldrich), were deposited at a rate of 0.1 A/s, while the host
material, Bis[2-(diphenylphosphino)phenyl]ether oxide
(DPEPO) and the silver were deposited at a rate of 1 A/s. The
deposition rate of the guest material, 1,2-bis(carbazol-9-yl)-4,5-

Nanotechnology

dicyanobenzene (2CzPN), was adjusted relative to the host to
achieve different doping concentrations within the blend. All
thermal evaporation processes were conducted under a high
vacuum environment at a base pressure of 107 mbar. The
evaporation chamber is directly integrated with a glovebox,
where samples are transferred and characterized.

2.2.Film characterization

Film thickness was measured using a Dektak XT stylus
profilometer, while the surface morphology was investigated
utilizing an atomic force microscope (AFM, Bruker Dimension
Icon) scanning over an of 10 um x

Photoluminescence was

area 10 pm.

collected using a custom-built
spectroscopic system, including a He-Cd laser (A¢yc = 325 nm) as
the excitation source, and an IR2000 spectrometer to collect the
emitted light. An optical density (OD) 2.0 filter was incorporated
into the optical path to mitigate potential high excitation power
effects. Optical absorbance spectra were recorded using a
Shimadzu UV-2600 spectrophotometer, configured with a slit
width resolution of 1.0 nm and an accumulation time of 2
seconds. The time-resolved photoluminescence (TRPL) spectra
were recorded with an Edinburgh FLS980 spectrofluorometer

equipped with a 372 nm nanoseconds pulsed diode laser (pulse

This journal is © The Royal Society of Chemistry 20xx
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width 64.0 ps), used for the short decay spectra, and a nF2
microseconds Flashlamp, used for the long decay spectra, from
Edinburgh Instruments. The system was equipped with an
integrating sphere and spectra were recorded using identical
excitation and emission wavelengths.

2.3.Device optoelectronic characterization

Electro-optical characterization of the fabricated devices
controlled

B1500A
semiconductor parameter analyzer was used for acquiring

was performed within a glovebox with a

environment at room temperature. Keysight
electrical data. The light output intensity was measured using a
Hamamatsu S1337 photodiode positioned in direct contact with
the substrate (bottom emission). Collecting top emission from
the device is beyond our current experimental capabilities.
Electroluminescence spectral data were collected using a

Konica Minolta CS-2000 spectroradiometer.

3. Result and discussion

3.1.Photoexcitation in DPEPO:2CzPN blends

Fig. 1a shows the normalized photoluminescence (nPL) of
DPEPO:2CzPN blends with different 2CzPN content (60 nm, solid
line) deposited on quartz; corresponding photoluminescence
for a neat 2CzPN film (60 nm, dashed line) is also reported as a
reference. Fig. 1b shows the chemical structure of the two
molecules. DPEPO is a commonly used host material for blue
emitters, featuring steric ortho-substituted diphenylphosphine
oxide groups, which render the molecule highly polar.31 On the
hand, 2CzPN is a thermally-activated delayed
fluorescence emitter characterized by two electron-donating

other

carbazolyl moieties attached to an electron-withdrawing
dicyanobenzene ring with peak emission at 491 nm.?2 2CzPN has
been shown to lead to efficient blue light-emitting devices,
including OLETs32 and OLEDs.333> 2CzPN exhibits its triplet
energy level at around 2.5 eV,3® smaller compared to that of
DPEPO at 3.0 eV.3! The relative position on the highest occupied
molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO) of 2CzPN relative to DPEPO favours
efficient charge transfer from the host to the guest, enabling
efficient trapping of charge carriers on the emitter molecules
and promoting radiative recombination from 2CzPN. Further, a
polar host can stabilize the charge-transfer (CT) excited state of
the guest through local dipole interactions,3” favouring a more
efficient charge-transfer character of 2CzPN in the excited
state.3® We observed a redshift of the main emission peak with
increasing 2CzPN concentration (with the largest shift occurring
from 5 to 20%). Under our excitation conditions (Aexc = 325 nm),
DPEPO does not contribute to the emission (not shown). The
time-resolved photoluminescence of the blends shows two
decay times, indicating the TADF nature of 2CzPN as shown in
Fig. S1 (Supplementary Information).

This journal is © The Royal Society of Chemistry 20xx
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Fig. 1 (a) Normalized photoluminescence (nPL) spectra for DPEPO:2CzPN emissive
blends deposited on quartz for different 2CzPN concentrations (as labelled).
Photoluminescence of 2CzPN neat film (dashed line) is also reported. (b) Chemical
structure of 2CzPN (guest) DPEPO (host).

Aggregation,3® intermolecular interactions,*® and dipole-
dipole interactions*! have been shown to cause a redshift in the
photoluminescence spectra. Aggregation, where molecules
tend to self-assemble into larger structures ranging from small
dimers and oligomers to extended clusters and solid-state
formations, can lead to the formation of new excited states
distinct from those of isolated molecules, thus altering the
energy gap and shifting the main emission wavelength.
Intermolecular interactions, including dipole-dipole forces, can
also induce a different ground state formation than that of the
isolated excited molecule.?® Also, it has been shown that 2CzPN
exhibits strong solvatochromism, leading to a redshift of its
photoluminescence peak in more polar environments (host).38

3.2.Multilayer light-emitting field-effect transistor
using DPEPO:2CzPN blends as emissive layer

We fabricated bottom-gate top-contact organic light-
emitting transistors, as shown in Fig. 2a. The dielectric layer is a
layer of PMMA (thickness of 400 nm), which was spin-coated
and annealed in ambient conditions on top of the transparent
ITO gate. PMMA has a smooth surface, offering a suitable
dielectric/semiconductor interface.*? The organic multilayer
heterostructure includes three layers (3L): (from bottom to top)
a C8-BTBT hole transport layer (30 nm) in direct contact with
the dielectric layer, the DPEPO:2CzPN blend (60 nm) with
different 2CzPN doping concentration where charge carriers
recombination and radiative decay occur, a DFH-4T electron
transport layer (45 nm), and silver source and drain electrodes
(70 nm). Materials and thickness for the semiconducting layers
have been selected based on their high charge -carrier
mobilities;1% 43 for a more detailed characterization of the
semiconducting layers, we refer the Reader to some of our
previous work.** 4> Achieving higher performances in OLETs
requires both balanced charge injection and efficient charge
carrier transport.16 46

Fig. 2b shows the energy diagram of our multilayer organic
stack. alignment is crucial for

Favourable energy level

J. Name., 2013, 00, 1-3 | 3
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Fig. 2 (a) Simplified schematic of the multilayer transistor heterostructure and (b) its energy levels. (c) Saturation transfer curves (lgs vs. Vgae @Vgs = -100 V) for 3L-OLET
with DPEPO:2CzPN emissive layer with 2CzPN doping concentration of 5, 10, 15, and 20 %. Right y-axis refers to the electroluminescence light output (EL) measured

through the gate electrode. Direction of sweeps is also indicated.

facilitating efficient charge injection from the electrodes into
the transport layers and subsequently from the transport layers
towards the emissive layer. We refer the Reader to this work?*?
for general considerations on these materials and their
energetics of the multilayer hetero-structures and materials
therein. Fig. 2c shows the saturation transfer characteristics (lgs
VS. Vgate @Vg4s = -100 V) of representative devices fabricated with
emissive layers containing different 2CzPN content (as labelled).
Light generated and extracted through the gate electrode
(bottom emission) is also reported on the right y-axis. We note
here that measured light is only a fraction of the total light
generated in the device. Both left- and right y-axes have the
same scales in all four panels to favour a direct comparison. All
the transistors have the same geometry, and all layers
(semiconducting and electrodes) have been fabricated at the
same time.

All organic light-emitting transistors exhibit ambipolar
behaviour, with a relatively balanced charge transport (hole-
dominated) for 2CzPN doping concentrations of 5, 10, and 15 %.
For higher 2CzPN doping concentration within the bend, the
device tends to be less ambipolar, which is currently under
investigation. In the saturation regime for an ambipolar
transistor, the drain-source current can be described as:

Ids,sat = 2_1/12 Ci
[ﬂe,sat(Vgate - Vi:h,e)2 + .uh,sat(Vds - (Vgate - Vth,h) )2]
(1)

where C; is the capacitance per unit area of the dielectric layer
(G (PMMA) = 6.6 nF/cm?), pg,: and Vy, are the device saturation

4| J. Name., 2012, 00, 1-3

mobility and threshold voltages for holes (h) and electrons (e),
and W (5 mm) and L (100 um) are the transistor channel width
and length, respectively. Field-effect saturation mobility and
threshold voltage for both holes and electrons can be estimated
from the linear fit of the forward sweep of the square root of Iy
vs. Vgae=Vgs in the saturation region. In an ambipolar
(multilayer) transistor, light generation primarily occurs either
(a) when charge transport is dominated by holes moving within
the device, or (b) when both the hole and electron transport
pathways are simultaneously active. In the vicinity of the curve
apex, a more balanced charge density distribution leads to an
increasing supply of minority charge to the
recombination area. We also observed hysteresis behaviour of

carriers

the drain-source current in our devices, which we attributed to
charge trapping in the channel.4® 42

Table 1 summarizes the optoelectronic figure of merit for all
the fabricated light-emitting transistors. Eight devices were
characterized for each emissive layer, leading to an
approximate 5% uncertainty for the reported parameters.
While hole mobility remains relatively independent of doping
concentration, a significant decrease in electron mobility is
observed with increasing 2CzPN doping concentration. We
believe this might be attributed to the reduction in DPEPO
content within the emissive layer; in fact, it is well known that
DPEPO can efficiently transport electrons;*° however, further
studies are needed to elucidate this trend. Threshold voltages
for holes were found to be in the range of [-34, -27] V, while
those for electrons ranged from [24, 39] V. These values are
consistent with observations in organic light-emitting
transistors using a low-k dielectric layer, such as PMMA.>!

This journal is © The Royal Society of Chemistry 20xx
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Table 1 Summary of the optoelectronic properties of organic light-emitting
transistors with emissive layer containing different 2CzPN doping concentrations.

2CzPN content (%)

5 10 15 20
hole saturation mobility*,
uh cm?/Vs 0.2 0.2 0.2 0.3
hole threshold voltage*,
\% -34 -22 -34 -27
Vinh
electron saturation
> cm?/Vs 0.1 0.03 0.03 0.002
mobility*, pe
electron threshold
voltage*, Y, 39 24 24 24
Vine
external quantum
L. % 0.01 0.065 0.058 0.03
efficiency, EQE @V s, max
ON/OFF ratio x 10° 2.7 88 47 7.3

* forward sweep

All devices exhibited negligible gate leakage currents, of the
order of few tens of nA within the applied bias range.
Furthermore, the devices showed ON/OFF ratios of around 10°,
with no clear dependence on the doping concentration.

Fig. 3 shows the external quantum efficiency of our devices
as a function of the 2CzPN doping concentration within the
emissive blend; we found that a concentration of 2CzPN
between 10 % and 15 % improved device
performances. This can be related to both electrical and optical

leads to

properties of the used materials and their interfaces in the
device architecture.*®

The electrical properties of a material are strongly
dependent on its molecular packing and the nature of its
intermolecular interactions.52 We studied the morphology of
the the 3L-OLET (Fig. S2,
Supplementary Information). We found a relatively smooth
surface for C8-BTBT when deposited on PMMA, which affects

the morphology of the emissive layer deposition, mimicking the

various interfaces within

—~0.10 T T T T

0.08 4

0.06

External quantum efficiency, EQE (%

0.04 )
1
0.02 4 } )
0.00 . . , r S
0 5 10 15 20 25

2CzPN doping concentration (%)

Fig. 3 (Left y-axis) External quantum efficiency (at Vs = Vgate = -100V) and (right y-axis)
surface roughness of the topmost deposited layer (DFH-4T) as a function of different
2CzPN doping concentration within the emissive blend for 3L-OLETs. Dashed lines are
guide-to-the-eye only.

This journal is © The Royal Society of Chemistry 20xx
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C8-BTBT surface. No major differences in morphology and
roughness as a function ofP®hé0.2C2PNT{8pIAE
concentration are observed. On the other hand, although the

surface

topmost surface of the organic stack (DFH-4T layer) exhibits a
very similar morphology across different devices, the surface
roughness shows a seemingly dependence on the doping of the
emissive blend. These observations suggest that variations in
electrical properties within the device are not influenced by the
PMMA/C8-BTBT or the C8-BTBT/EML interfaces,?? 33 while
there is a contribution related to the surface roughness of the
top DFH-4T layer within the device stack, which is consistent
with previous studies.>® 3> In fact, electron injection efficiency
is governed not only by the energy barrier between the
electrode Fermi level and the LUMO of the injection layer but
also by the interfacial properties.>® A rougher surface can
potentially enhance the contact area between the electrode
and the DFH-4T surface®” and provide localized hotspots that
can improve charge injection efficiency.>® Thus, the interplay
between charge injection and transport influences the overall
electrical performance in our light-emitting transistors.
Further, the intrinsic optical properties of the blend can
also affect the overall device efficiency.’® >° In fact, by
increasing the doping concentration, the number of emitting
molecules naturally increases, which can lead to improved light
generation. However, at high doping concentrations, Lee et al.
that,
fluorescent and phosphorescent molecules, the concentration
quenching in TADF emitters is primarily governed by Dexter

have demonstrated differently from conventional

energy transfer, a process strongly dependent on
intermolecular interactions.®® In our case, as the doping
concentration of 2CzPN increases, the intermolecular distances
between adjacent 2CzPN molecules decrease exponentially,
which favours Dexter energy transfer between the 2CzPN
molecules, establishing non-radiative pathways.5°

excitation of the

3.3. Optical and electrical

multilayer OLETs

For the rest of the discussion, based on higher EQE, lower
hole threshold voltage, and more balanced charge transport,
we will focus our study on multilayer devices containing
DPEPO:2CzPN 10%. Fig. 4a the
photoluminescence spectrum of such a blend on quartz (same

shows normalized
data as in Fig. 1), and when integrated in two different
multilayer heterostructure devices: 3L-OLET (C8-
BTBT/blend/DFH-4T as in Fig. 2a) and 2L-OLET (C8-BTBT/blend).
For the full optoelectronic characterization and analysis of our
2L-OLET transistors with different 2CzPN content within the
emissive layer, we refer the Reader to the Supplementary
Information ((c) Optoelectronic characterization of two-layer
heterostructure OLETs (2L-OLET)). In the case of the 3L-OLET,
we observed both a significant redshift (~15 nm) of the main
emission peak along with its broadening as well as an additional
spectral contribution at 570

approximately nm.
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Fig. 4 (a) Normalized photoluminescence spectra of DPEPO: 2CzPN 10 wt% on quartz and when integrated within the 2L- and 3L- device stacks. (b) Normalized electroluminescence
spectra of 2L- and 3L- devices. (c) Colour coordinates (CIE 1931) and (d) optical images of 2L- and 3L-OLETs in their ON-state (bottom emission, Vs = Vgate=-100V).

Photoluminescence spectra of the blend on quartz and in a 2L-
stack are very similar to each other and do not exhibit this
feature. For this, we have considered two possible mechanisms:
exciton energy transfer 61 and exciplex formation.5?

Exciton energy transfer 61 may occur when energy from an
excited emissive layer is transferred to an adjacent layer (DFH-
4T in our case), which can be followed by re-emission. In our
case, the photoluminescence spectrum of the blend exhibits
only minimal spectral overlap with the absorption spectra of
DFH-4T (Fig. S5, Supplementary Information), which rules out
this mechanism.

On the other hand, exciplexes, which are charge-transfer
excitons, often result from molecular interactions between an
electron donor and an electron acceptor molecule. Exciplexes
can form either as bulk exciplexes through mixing donor and
acceptor materials within a single layer or as interface
exciplexes generated at the interface between distinct donor
and acceptor layers. Previous studies have demonstrated that
DPEPO and 2CzPN can independently lead to bulk exciplex in
conjunction with different materials, provided the energy levels
are appropriately matched.®3-%7 These excitations, whether
exciplex and/or excimers, occur within the bulk of the emissive
layer, and, if any, they should exist in the active stack containing

6 | J. Name., 2012, 00, 1-3

such emissive layer, regardless of the multilayer
heterostructure considered (3L-OLET and 2L-OLET). As for
interface exciplexes, these are often associated with lower
excitation quenching and enhanced radiative transition
probability®® %° and they are strongly dependent on the material
energy level alignment and interfacial properties.

As shown in Fig. 2b, there is a significant energy barrier (~1.3
eV) for electron transport between the LUMOs of the DFH-4T
layer and DPEPO layer, while a lower energy barrier (~0.2 eV)
exists for hole transport from the HOMO of the C8-BTBT layer
to the HOMO of the DPEPO layer. This asymmetry in energy
levels suggests that the electron transport from the DFH-4T
layer into the emissive layer may be less efficient than that of
hole transport from the C8-BTBT layer. Thus, this imbalance in
charge transport can lead to an accumulation of electrons
within the DFH-4T layer and an excess of holes at the interface
between the DFH-4T and emissive layers. We believe that under
these conditions, radiative recombination is favoured not only
within the bulk of the emissive layer (originating from 2CzPN
excitons) but also at such interface, resulting in the formation
of interface exciplexes. The theoretically calculated binding
energy of such interface exciplexes (2.5-2.8 eV), as determined

by Eexciptex = ELumo, prr—a1 — Eomo, 2czpn or ppEPO ShOWS

This journal is © The Royal Society of Chemistry 20xx
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good agreement with the observed additional contribution in
the PL spectra of the 3L-OLET around 570 nm.”®

Fig. 4b shows that, in the case of electrical excitation (EL), the
3L-OLET exhibits a distinct emission profile compared to 2L-
OLET, characterized by an overall red shift and broadened
emission. Table 2 provides a summary of the spectral properties
of the two-layer and three-layer devices. The full-width-half-
maximum (FWHM) and emission wavelength of the 2L (EL)
closely resemble the PL of the intrinsic blend and the 2L stack.
In contrast, the 3L device exhibits a broader FWHM and a
redshift in its emission, which supports the contribution of
exciplex formation to the overall emission. In the case of 2L-
OLET we found a sky-blue emission with CIE 1931 coordinates
of (0.26, 0.5), while for 3L-OLET we observed a green emission,
with CIE 1931 coordinates of (0.18, 0.38), as presented in Fig.
4c. Optical images of these organic light-emitting transistors in
their ON-state are also shown in Fig. 4d. These strongly
demonstrate the significant contribution of the DFH-4T layer
and the resulting interface exciplex formation to the overall
emission characteristics under electrical operation.

Table 2 Summary of luminescence characteristics of DPEPO:2CzPN 10% in
different (device) configurations.

AsL PL: FWHM Aer EL: FWHM
(nm) (nm) (nm) (nm)
blend on quartz 502 84 - -
2L-OLET 505 84 499 81
3L-OLET 520 103 523 99
Conclusions

This work successfully demonstrated the integration of
thermally-activated delayed fluorescence emitters within
organic light-emitting We fabricated
investigated multilayer heterostructures incorporating 2CzPN, a

transistors. and
blue-emitting TADF molecule, doped into the high-triplet-
energy host DPEPO. Our findings confirmed that an
approximate 10 wt% doping of 2CzPN in the DPEPO host yielded
improved performance. We observed that two-layer devices
(without electron transport layer) exhibited light emission,
characteristic of 2CzPN, whereas the addition of the electron
transport layer produced both a redshift of the emission and the
rise of an additional spectral contribution. This additional
contribution is attributed to the formation of interfacial

exciplexes at the emissive layer/electron transport interface.
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