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Achieving 9% EQE in Light-Emitting Electrochemical Cells via TADF-
Sensitized Fluorescent Strategy
Zeyang Zhou,†a,b Qingda Chang,†a,b Rui Chen,a,b Pengfei Jin,a,b Baipeng Yin,*a Chuang Zhang,*a and 
Jiannian Yaoa,c

The light-emitting electrochemical cells (LECs) are appealing for cost-effective, large-area emission applications; however, 
their luminescence efficiency is significantly limited by exciton annihilation caused by high concentration polarons. Here, we 
present a thermally activated delayed fluorescence (TADF) sensitized fluorescence LECs (TSF-LECs) that achieves a record 
9% EQE in TADF-LECs. The TADF sensitizers with rapid reverse intersystem crossing (RISC) rates can effectively convert triplet 
excitons to singlet excitons in LECs, thereby establishing a more efficient overall energy transfer pathway. Importantly, 
magneto-electroluminescence measurements indicate that the additional RISC route in TSF-LECs significantly suppresses the 
annihilation of triplet excitons and thus reduces exciton loss at high concentration polaron conditions. Compared to LECs 
without sensitizer, TSF-LECs exhibit improved EQE and luminance, extended operational lifetimes, and suppressed efficiency 
roll-off. A flexible display prototype based on TSF-LECs was further fabricated, capable of stably displaying high-brightness 
preset patterns for extended periods. The exploration of the exciton dynamics in high concentration polaron environments 
offers valuable insights for future developments in high-efficiency LECs technology.

Introduction
The light-emitting electrochemical cells (LECs) are emerging as a 
promising emission technology with broad application prospects in 
solid-state lighting1–8, wearable illuminated devices9 and health-
monitoring sensors10. Distinct from commercial emission 
technologies such as organic light emitting diodes (OLEDs) and light 
emitting diodes (LEDs), LECs are simple three-layer devices consisting 
of an active layer containing emissive molecules and mobile ions 
sandwiched between the anode and cathode. When a voltage is 
applied between the electrodes, ion migration within the active layer 
results in the formation of stable electrochemical doping regions at 
the anode (p-doped) and cathode (n-doped), enabling charge 
injection regardless of the electrode work function11,12. This allows 
the use of air-stable electrode materials in LECs, reducing the need 
for rigorous encapsulation13–16. Moreover, charge injection and ion 
migration adaptively expands the doped regions over time to ensure 
that charge recombination and light emission occur in the intrinsic 
region, thereby improving the tolerance of LECs to the thickness and 

roughness of active layer17,18. Unfortunately, high concentration 
polarons stabilized in the doped region can cause intense exciton 
annihilation, leading to a low external quantum efficiency (EQE) and 
efficiency roll-off in LECs19–23. Thus, it is necessary to develop a 
strategy to enhance exciton utilization under high concentration 
polarons for device efficiency optimization, which may be an 
effective way to advance LECs towards practical applications.

Using thermally activated delayed fluorescence (TADF) materials 
with high photoluminescence quantum yield (PLQY) as emitters is an 
effective method to improve the utilization of excitons for their 
ability to convert optically dark triplet excitons to optically bright 
singlet excitons24–28. Despite the huge success of this strategy in 
OLEDs, the efficiency optimization in TADF-LECs is still below 
expectations. This is because TADF emitters with high radiative 
transition rates typically have lower reverse intersystem crossing 
(RISC) rates, making it difficult to efficiently convert triplet excitons 
exposed to high concentration polarons in LECs29,30. The TADF-
sensitized fluorescent (TSF) strategy is a further extension of the 
TADF approach, integrating TADF sensitizers to address the challenge 
of balancing the rates of RISC and radiative transition. A TADF 
sensitizer with a rapid RISC rate can more efficiently convert triplet 
excitons into singlet excitons, which are then transferred to TADF 
emitters with high radiative transition rates for efficient emission31–

34. This synergistic effect minimizes exciton quenching and improve 
overall energy utilization efficiency. Nevertheless, given the 
structural difference between LECs and OLEDs, high performance 
LECs via TSF mechanism still require further validation.

In this work, 10,10’-(4,4’-Sulfonylbis(4,1-phenylene))bis(9,9-
dimethyl-9,10-dihydroacridine (DMAC-DPS) was chosen as a TADF 
sensitizer to preparate TSF-LECs, with poly(N-vinyl carbazole) 

a.Key Laboratory of Photochemistry
Beijing National Laboratory for Molecular Sciences
Institute of Chemistry, Chinese Academy of Sciences
Beijing 100190, China
E-mail: yinbaipeng@iccas.ac.cn; zhangc@iccas.ac.cn

b.University of Chinese Academy of Sciences
Beijing 100049, China

c. Institute of Molecular Engineering Plus 
Fuzhou University
Fuzhou 350108, China

†These authors contributed equally: Zeyang Zhou and Qingda Chang 
Supplementary Information available: [details of any supplementary information 
available should be included here]. See DOI: 10.1039/x0xx00000x

Page 1 of 9 Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
se

te
m

br
o 

20
24

. D
ow

nl
oa

de
d 

on
 0

8/
09

/2
02

4 
23

:2
2:

43
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
DOI: 10.1039/D4CP02801E

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4cp02801e


ARTICLE Journal Name

2 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

(PVK)/1,3-bis(2-(4-tert-butylphenyl)-1,3,4-oxadiazo-5-yl)benzene 
(OXD-7) as the mix-host and 3,4,5,6-tetrakis(3,6-di-t-butylcarbazol-9-
yl)-1,2-dicyanobenzene (4CzPN-tBu) as the TADF emitter. The 
introduction of TADF sensitizers facilitates the optimization of the 
overall energy transfer efficiency in LECs, as their rapid RISC can 
efficiently convert triplet excitons into singlet excitons. Magneto-
electroluminescence (MEL) techniques and transient-EL 
measurement further reveal that the additional RISC route can 
effectively reduce exciton-polaron annihilation and maximize exciton 
utilization in LECs in the presence of high concentration polarons. 
Consequently, TSF-LECs exhibited excellent emission performance 
with an EQE of 9% and a device LT50 lifetime of more than 20 hours, 
thereby establishing a new EQE benchmark for TADF LECs2,35. Based 
on the potential of TSF-LECs for high efficiency, high stability, and 
ease of processing, we fabricated a flexible display prototype capable 
of stably displaying preset patterns with high brightness over 
extended periods.

Experimental methods
Device Fabrication and Characterization

The ITO substrates were cleaned carefully using toluene, acetone, 
and tert-butanol for 20 min, respectively, by using an ultrasonic bath 
and then dried at 110°C before being treated with oxygen plasma. 
PEDOT:PSS solutions were spin-coated onto ITO at 4000 rpm for 45 s 
and annealed in air at 150°C for 30 min. The substrates were then 
transferred into a glove box (O2 < 1 ppm, H2O < 1 ppm) for the 
remaining fabrication steps. The active material solutions composed 
of PVK/OXD-7, DMAC ,4CzPN-tBu and THABF4 were prepared by 
dissolving in chlorobenzene (organic luminescence molecule’s total 
concentration is maintained at 20 mg mL-1). In the fabrication of the 
LECs, the active-material solution were then spin-coated (2000 rpm, 
60 s) on top of ITO/PEDOT:PSS layer and annealed at 70°C for 30 min. 
To complete the devices, Al cathode (100 nm, deposited at 1.0 Å s-1) 
were deposited using thermal vacuum evaporation with a pressure 
of < 5 × 10-5 Pa.

Photophysical Characterization

The absorption spectra were measured using a Hitachi UH4150 at 
normal incidence, and the fluorescence spectra were measured 

using a Hitachi F-7000. The transient PL decay characteristics were 
measured using a Quantaurus-Tau C11367-35 at an excitation 
wavelength of 360 nm. The absolute PL quantum yield was 
determined using Hamamatsu C11347 coupled with an integrating 
sphere.

MEL Measurements

For MEL measurement, LECs were transferred to a vacuum chamber 
of cryostat (Oxford OptistatDry BLV) that was placed in an 
electromagnet (EastChangjing, EM4) with a magnetic field up to 200 
mT. The LECs were operated at forward bias above turn-on voltages 
powered by a Keithley 2450 Source Meter, and the EL emission was 
monitored with a silicon detector (Thorlab SM05PD2A). The MEL was 
defined as: MEL(B) = [EL(B) – EL(0)] / EL(0) × 100% measured at a 
constant bias. The external magnetic field was swept at a rate of 10 
mT s−1 in one direction and back for several cycles to improve the S/N 
ratio of MEL(B). The sensitivity of the MEL measurement was 
typically 0.05%, and the statistics on multiple LECs were given as 
error bars in the main text.

Measurement of Transient-EL and Device Performances

Keithley 2400 and spectroradiometer (Photo Research, PR788) were 
used to test the current-voltage and the luminance properties, 
respectively. The transient-EL curves were measured by a 50 µs 
electrical pulse at 10 V bias using signal generator Tektronix 
AFG1062. Data of transient EL were recorded with TCSPC method 
using Single-Photon Counting Module (excelitas SPCM-AQRH-14) 
and time-to-digital converter (qutools quTAG), respectively. The 
external quantum efficiencies were calculated according to 
luminance, EL spectrum, and current density for all devices 
(assuming a Lambertian distribution).

Results and Discussion
Fig. 1a illustrates the device structure of our target TSF-LECs, which 
consists of an active layer containing host materials, organic emissive 
materials and mobile ions, sandwiched between an indium tin oxide 
(ITO) anode and an aluminium (Al) cathode. In this structure, the p-
type semiconductor poly(N-vinyl carbazole) (PVK) and n-type 
semiconductor 1,3-bis(2-(4-tert-butylphenyl)-1,3,4-oxadiazo-5-
yl)benzene (OXD-7) were chosen as mixed host materials, and 
tetrahexylammonium tetrafluoroborate (THABF4) was chosen as the 

Fig. 1. (a) Schematics of the operation mechanism of LECs after the formation of the electric double layers (EDLs), p-doped, n-doped, and intrinsic zones. The red and blue arrows 
represent the energy transfer processes with and without sensitizer, respectively. (b) Chemical structure of emitter 4CzPN-tBu and sensitizer DMAC-DPS. (c) Cyclic voltammograms 
of mix-host PVK:OXD-7, sensitizer DMAC-DPS, and emitter 4CzPN-tBu. (d) EL spectrum measured from LECs with and without DMAC-DPS. (e) Current density (A m-2)-Voltage (V)-
Luminance (cd m-2) curve of LECs with and without DMAC-DPS.

Page 2 of 9Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
se

te
m

br
o 

20
24

. D
ow

nl
oa

de
d 

on
 0

8/
09

/2
02

4 
23

:2
2:

43
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
DOI: 10.1039/D4CP02801E

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4cp02801e


Journal Name  ARTICLE

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3

Please do not adjust margins

Please do not adjust margins

electrolyte (Fig. S1). 3,4,5,6-Tetrakis(3,6-di-t-butylcarbazol-9-yl)-1,2-
dicyanobenzene (4CzPN-tBu) is a sophisticatedly designed TADF 
material that utilizes non-radiative triplet excitons trough RISC and 
features large intramolecular steric hindrance to suppress non-
radiative transitions, resulting in a high photoluminescence quantum 
yield (PLQY). Consequently, it was chosen as a terminal emitter to be 
doped into the host materials (Fig. 1b, left). When a voltage is applied 
between the electrodes, 25% of the optically bright singlet excitons 
and 75% of the optically dark triplet excitons are formed on the host 
and then transferred to the TADF emitter through energy transfer. 
The triplet excitons can be converted into the singlet excitons 
through the RISC process of TADF emitters with high PLQY and finally 
participate in the effective radiative process (blue arrows in Fig. 1a). 
However, TADF emitters with high PLQY, i.e. high radiative transition 
rate, usually possess a lower RISC rate. Therefore, in the presence of 
high concentrations of polarons, the probability of triplet excitons 
interacting with polarons increases, leading to loss by triplet-polaron 
annihilation (TPA). To address this issue, TADF materials with a high 
RISC rate can be introduced as sensitizers into LECs to facilitate the 
rapid conversion of triplet excitons into singlet excitons, achieving 
efficient exciton utilization (red arrows in Fig. 1a). 10,10’-(4,4’-
Sulfonylbis(4,1-phenylene))bis(9,9-dimethyl-9,10-dihydroacridine 
(DMAC-DPS) consists of two DMAC moieties as an intramolecular 
donor and one DPS moiety as an intramolecular acceptor, and is 
capable of forming a twisted intramolecular D-A-D structure (Fig. 1b, 
right). This structure endows its excited state with charge-transfer 
characteristics, resulting in a minimal singlet-triplet energy gap 
(ΔEST), which in turn grants it an exceptionally rapid RISC rate, making 
it an ideal sensitizer in TSF-LECs. Electron-hole analysis of the 
sensitizer also reveals a transition from the DMAC moiety to the DPS 
moiety, indicating a strong charge transfer excitation property (Fig. 
S2).

The optical spectroscopy is performed to investigate the energy 
transfer pathway in TSF-LECs. As shown in Fig. S3, the emission 

spectrum of the DMAC-DPS/PVK:OXD-7 doped films is consistent 
with that of the pristine DMAC-DPS film, indicating the effective 
energy transfer from the host to the sensitizer. Moreover, the large 
overlap between the emission spectrum of DMAC-DPS and the 
absorption spectrum of 4CzPN-tBu implies that the Förster 
resonance energy transfer (FRET) between them can be efficient (Fig. 
S4). We then measured the redox potentials of each component 
within TSF-LECs using cyclic voltammetry to calculate their band 
gaps, as shown in Fig. 1c. The results revealed a sequential band gap 
gradient from the host to the sensitizer and finally to the emitter, 
indicating that the incorporation of the DMAC-DPS sensitizer 
successfully established a spontaneous host-sensitizer-emitter 
energy transfer pathway in LECs. Fig. 1d illustrates the 
electroluminescence (EL) spectra of LECs with 8wt.% and without 
DMAC-DPS sensitizer, with similar spectral shapes indicating that the 
emission originates from the 4CzPN-tBu emitter in both cases. 
However, we observed that the EL intensity of LECs with sensitizer 
increases significantly. Then, the current density (J) -voltage (V) -
luminance (L) curve of LECs with 8 wt.% and without DMAC-DPS 
sensitizer were measured, revealing that the luminance of LECs with 
the sensitizer was also significantly improved, with a maximum 
increase of more than threefold (Fig. 1e). The nearly identical current 
density under the same voltage indicates that the incorporation of 
the TADF sensitizer can improve device performance by optimizing 
the efficiency of the entire energy transfer pathway rather than 
affecting the electrical properties of LECs.

To reveal the operational mechanism of the TSF strategy in LECs, it is 
essential to investigate the interplay between the sensitizer and 
emitter within the ternary system in the presence of mobile ions. 
Therefore, we prepared film samples with varying sensitizer-to-
emitter ratios for systematic photophysical testing. As shown in Fig. 
S5, with a fixed sensitizer concentration of 10 wt.% in the host, the 
photoluminescence (PL) intensity of the DMAC-DPS sensitizer at 
~460 nm gradually decreases and eventually disappears as the 
emitter concentration increases from 0 to 2 wt.%. This suggested 
that complete energy transfer from the sensitizer to the emitter 
occurred in the ternary system. The energy transfer rate constant kET 
between the emitter and sensitizer can be fitted from the transient 
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PL decay curves for these doped films (Fig. S6 and Fig. S7). The results 
show that kET gradually increases and ultimately exceeds sensitizer’s 
radiation transition rate kr as the emitter concentration increases 
from 0 to 2 wt.%, which leads to efficient energy transfer from the 
sensitizer to the emitter. The emitter concentration was then fixed 
at 2 wt.%, and as the sensitizer concentration increased from 0 to 10 
wt.%, the PL spectra of almost all the doped films showed only the 
emission of 4CzPN-tBu emitter (Fig. S8). Moreover, the emission 

from the sensitizer in these doped films vanishes after 60 ns, which 
is more rapid than the PL decay time scale of the pristine DMAC-DPS 
film (Fig. 2a). These results indicate that the sensitizer can efficiently 
transfer energy to the emitter in a short period of time.

Transient PL decay measurements on 4CzPN-tBu emitter in doped 
films were further performed to investigate the kinetic process of the 
sensitizer-to-emitter energy transfer. As shown in Fig. 2b, the 
transient PL decay measured at ~500 nm can be decomposed into a 
short-lived component (τp) and a long-lived component (τd), 
corresponding to the prompt and delayed fluorescence of 4CzPN-tBu 
emitter, respectively. As the sensitizer concentration increases from 
0 to 10 wt.%0, τd decreases from 5.60 μs to 1.0 μs, while τp increases 
from 5.34 ns to 12.5 ns (Fig. 2c). The decrease in τd implies that more 
triplet excitons are collected by the RISC process of the sensitizer 
than by that of the emitter since the sensitizer possesses a more 
rapid RISC rate. An increase in τp also implies the presence of an 
additional energy transfer pathway from the singlet of sensitizer to 
the singlet of emitter, which is consistent with the decrease in τd. 
Subsequently, the PLQYs of doped films with sensitizer 
concentrations from 0-10 wt.% were measured, as shown in Fig. 2d. 
Compared to that of films without sensitizer, the PLQY of doped films 
with sensitizer significantly increased, reaching 78.0% at a sensitizer 
concentration of 8 wt.%. According to Fig. S9, the PLQY consists of 
contributions from both the short-lived component and the long-
lived component. It can be clearly seen that the increase in total PLQY 
is mainly attributed to the increase in the PLQY of the long-lived 

component. This further demonstrates that the incorporation of the 
TADF sensitizer can improve the overall energy utilization efficiency 
by converting triplet excitons back into singlet excitons. 

Based on the above experimental results, we established a possible 
mechanism for exciton management in TSF-LECs, as illustrated in Fig. 
3a. Under electrical excitation, 75% of the triplet excitons and 25% of 
the singlet excitons are generated on the mix-host, with the energy 
of the triplet excitons subsequently being transferred to the 
sensitizer. DMAC-DPS has a ΔEST of 274 meV, which is lower than its 
counterpart's 360 meV, and thus exhibits a faster RISC rate (Fig. 
S2)36–38. Given that the DMAC-DPS sensitizer has a higher RISC rate, 
it can effectively convert the energy of triplet excitons into singlet 

excitons, and then rely on rapid FRET between the sensitizer and the 

emitter to transfer the energy to the emitter. Thus, sensitizer doping 
introduces a faster RISC pathway into the system, reducing the 
population of triplet excitons and preventing exciton annihilation, 
ultimately improving the efficiency of LECs. To validate this TSF-LECs 
strategy, we extracted the lifetime of the electro-exciton by 

Fig. 2. (a) Time-resolved photoluminescence (PL) spectrum of a 2 wt.% 4CzPN-tBu doped 
with 8 wt.% DMAC-DPS blend film, where white lines depict the spectral profiles of 
DMAC-DPS and 4CzPN-tBu. (b) Transient photoluminescence (PL) spectra of 2 wt.% 
4CzPN-tBu doped with a DMAC-DPS at concentrations of 0, 4, and 8 wt.% blend film, 
measured at 500 nm. (c) prompt lifetime and delayed lifetime of blend film doped with 
DMAC-DPS at various concentration (0, 2, 4, 6, 8, and 10 wt.%). (d) prompt and delayed 
quantum yield of blend film doped with DMAC-DPS at various concentration (0, 2, 4, 6, 
8, and 10 wt.%).

Fig. 3. (a) Diagram of the exciton process in the TSF-LECs. (b) The current and EL response of LECs without sensitizer under a pulse at 10 V. (c) EL decay curves of LECs with 2 wt.% 
4CzPN-tBu, doped with DMAC-DPS at concentrations of 0, 4, and 8 wt.%. (d) Magneto-electroluminescence profile of LECs without DMAC-DPS under constant 30 A m-2, decomposed 
into low-field (MEL_N) and high-field (MEL_B) effects. (e) Relationship between current density and the amplitudes of MEL_B component in LECs with and without DMAC-DPS. (f) 
The relationship between the RISC rate (kRISC) and the amplitudes of MEL_B with varying concentrations of DMAC-DPS.

Fig. 4. (a) EQE-current density characteristics of LECs with and without 8 wt.% 
DMAC-DPS. (b) EQE values measured at 100 cd m−2 under different sensitizer 
concentration. (c) Normalized luminance as a function of operational time with an 
initial of L0 = 100 cd m-2 at constant current with and without 8wt.% DMAC-DPS. (d) 
Image of TSF-LECs with a pattern of the abbreviation of “ICCAS”, and the scale bar 
represents 0.5 cm. 
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measuring the transient EL spectra of LECs with different sensitizer 
concentrations. The excitation conditions were 10 V electrical pulse, 
50 μs pulse width, and 1 kHz frequency. As shown in Fig. 3b, the 
current of LECs reverses to the maximum current after the pulse 
voltage is turned off and then slowly returns to zero, which can be 
attributed to the capacitance effect. This current recovery process 
follows an exponential attenuation, and the RC time of LECs can be 
obtained by exponential fitting of this curve. The fitted RC time (<1 
μs) is much shorter than the EL lifetime of LECs, making its impact on 
electroluminescence negligible (Fig. S10). Therefore, the EL lifetime 
can be considered the lifetime of the electro-exciton. Clearly, the 
LECs with sensitizer exhibit a shorter EL lifetime than LECs without 
sensitizer (Fig. 3c). Furthermore, as the sensitizer concentration 
increases, the EL lifetime of LECs further decreases, indicating the 
effective conversion of triplet excitons by the sensitizer’s rapid RISC. 
In contrast, devices without the sensitizer show a slower decline in 
EL decay curves between 2-5 μs. The absence of DMAC-DPS reduces 
the RISC rate, slowing triplet exciton consumption and sustaining 
electron-hole recombination after the pulse ends, resulting in a less 
steep EL decay. To investigate the impact of the TSF strategy on the 
exciton annihilation effect in LECs, we measured the magneto-
electroluminescence (MEL) response of the devices, as the dynamic 
processes of triplet excitons are sensitive to changes in the external 
magnetic field39–42. As shown in Fig. 3d, the MEL curve of LECs shows 
a trend of increasing and gradually saturating with the increasing 
magnetic field. The MEL magnitude at a given magnetic field B is 
defined as MEL(B) = [EL(B)-EL(0)]/EL(0)×100%, where EL(0) is the EL 
intensity measured at zero field. By Lorentzian and non-Lorentzian 
fitting, the MEL curve of LECs can be decomposed into two 
components: MEL_N, which corresponds to the low-field effect, and 
MEL_B, which corresponds to the high-field effect. According to 
previous reports, the MEL_B component originates from TPA, and its 
magnitude is positively correlated with the strength of TPA43,44. 
Therefore, we extracted the MEL_B magnitude from LECs with and 
without sensitizers in the current density range of 0-150 A m-² to 
evaluate their TPA process, as shown in Fig. 3e. It is evident that LECs 
with sensitizer exhibit lower MEL_B magnitude, indicating that the 
exciton quenching process caused by high concentrations of 
polarons in LECs is significantly suppressed. This conclusion is further 
confirmed by the dependence of the RISC rates and MEL_B 
magnitude (at 100 A m-2) in LECs with different sensitizer 
concentrations. As shown in Fig. 3f, as the RISC rate increases, the 
MEL_B value, i.e., the strength of TPA, in LECs decreases accordingly.

The device efficiency of TSF-LECs with PVK (52.2 wt.%)/OXD-7 (34.8 
wt.%)/THABF4(3 wt.%)/DMAC-DPS (8 wt.%)/4CzPN-tBu (2 wt.%) was 
further evaluated. As shown by the EQE-current density 
characteristics in Fig. 4a, TSF-LECs exhibited a maximum EQE of 9%, 
which is 1.5 times greater than that of LECs without sensitizer. To the 
best of our knowledge, this value is the highest reported for TADF 
LECs to date. In addition, a suppressed efficiency roll-off was 
observed for TSF-LECs, with the EQE decreasing by ~10% and ~15% 
when the current density was increased to 50 A m-2 and 100 A m-2, 
respectively. In contrast, the EQE of LECs without sensitizer 
decreased by ~33% and ~60% at a current density of 50 A m-2 and 
100 A m-2, respectively. This phenomenon is consistent with the 
variation trend of MEL_B against current density shown in Fig. 3e, 

which can be attributed to the fact that, in the presence of the 
sensitizer, the TPA process is less sensitive to the increased polaron 
concentration. As shown in Fig. 4b, the EQEmax of LECs exhibited an 
increasing trend with increasing sensitizer doping concentration, 
which is consistent with the observed changes in MEL_B with varying 
DMAC-DPS concentrations (Fig. 3f). This result implied that within a 
certain concentration range, increasing the concentration of the 
sensitizer can effectively reduce TPA, thereby enhancing the EQE. 
Furthermore, the device lifetimes were evaluated with a luminance 
of 100 cd m-2, as shown in Fig. 4c. Compared to LECs without 
sensitizer, which possess an LT50 of only 8 hours (LT50 represents the 
time required for the luminance to decay to 50% of the initial 
luminance at a constant operating current density), TSF-LECs 
demonstrated an improved lifetime of more than 20 hours. Based on 
the potential of TSF-LECs for high efficiency, high stability, and ease 
of processing, we fabricated a flexible display prototype, as shown in 
Fig. 4d. In ambient air, a simple spin-coating process was used to 
deposit the mixed active materials onto a pre-patterned PET/ITO 
substrate, resulting in a high-brightness TSF-LECs device with 
dimensions of 5×5 cm. This device was driven by a constant current 
of 25 A m-2, and stably displayed the "ICCAS" pattern for 10 hours. 
These results demonstrate the advantages of the TSF strategy in 
improving the performance of LECs and represent an encouraging 
step forward toward the commercialization of LECs.

Conclusions
In conclusion, our work demonstrates the significant potential 
of integrating TADF sensitizers into LECs to enhance their 
performance and achieve a record EQE of 9%. By incorporating 
TADF sensitizer DMAC-DPS into a mix-host of PVK/OXD-7 and 
using 4CzPN-tBu as the TADF emitter, we can harness both the 
sensitizer’s rapid RISC rate for efficient triplet exciton 
conversion and the emitter’s rapid radiative transition rate for 
effective emission. Steady state and transient optical 
spectroscopy reveal that the TADF sensitizer introduce a novel 
energy transfer pathway, significantly improving exciton and 
energy utilization efficiency. EL and MEL demonstrate that in 
the presence of a high concentration of polarons, the new 
energy transfer pathway can effectively reduce TPA and exciton 
loss, thereby boosting device efficiency. This work sets a new 
EQE benchmark for TADF LECs and validates the TSF strategy’s 
potential in high polaron environments, offering valuable 
insights for future developments in high-efficiency LEC 
technology.
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