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Abstract

The use of a small organic molecular passivator has been proven to be a successful strategy
for producing higher-performing quasi-2D perovskite light-emitting diodes (PeLEDs). The
small organic molecule can passivate defects on the grain surround and surface of perovskite
crystal structures, preventing nonradiative recombination and charge trapping. In this study,

we report a new small organic additive called 2, 8-dibromodibenzofuran (diBDF) and
1


mailto:spark@pknu.ac.kr

WILEY-VCH

examines its effectiveness as a passivating agent in high-performance green quasi-2D
PeLEDs. The oxygen atom in diBDF, acting as a Lewis base, forms coordination bonds with
uncoordinated Pb*, so enhancing the performance of the device. In addition, the inclusion of
diBDF in the quasi-2D perovskite results in a decrease in the abundance of low-n phases,
hence facilitating efficient carrier mobility. Consequently, PeLED devices with high
efficiency were successfully produced, exhibiting an external quantum efficiency of 19.9% at
the emission wavelength of 517 nm and a peak current efficiency of 65.0 cd A™.
1. Introduction

Since their first fabrication in laboratories, perovskite light-emitting diodes (PeLEDs) have
attracted enormous attention due to their excellent optoelectronic properties, such as high
color purity, easily tunable composition, relatively low price, and so on, which give them the
potential to be the next generation of display devices."'" Although the highest records of
external quantum efficiency (EQE) for PeLEDs are progressively converging towards the

12171 the functionality of these devices is still hindered by various issues,

theoretical limit,'
including intrinsic instability and low exciton binding energy typically observed in 3D
perovskite materials.

Quasi-2D PeLEDs with quantum well structures facilitate overcoming the obstacles posed
by their inherent instability and low exciton binding energy in 3D perovskites. "®*°! Due to the
increased exciton binding energy, quasi-2D PeLEDs have superior efficiency and device
stability when compared to 3D perovskite."® 2% The A sites of the perovskite crystal are
partially occupied to form the quasi-2D structure by well-designed ammonium organic
ligands, such as butylammonium (BA), 1-naphthylmethylammonium (NMA), and
phenylethylammonium (PEA). These ligands coordinate with the “BX¢” octahedral structure,
effectively controlling the vertical growth of the perovskite crystal and generating the
formation of quantum well structures.®? Among them, BA-based perovskite offers better

241 The inclusion of BA* cation

processability than other aromatic ligands such as PEA".
increases the device’s reliability and repeatability. Furthermore, the addition of BABr has
been observed to decrease the formation of the n = 1 phase,'” which is advantageous for
energy transfer in perovskite LED devices. Presently, various effective techniques have been
employed in the development of highly efficient quasi-2D PeLEDs with full color coverage.

These strategies encompass the control of crystal growth,!* % modification of ligands,* 27!

regulation of phases,” 3" optimization of transport layers,””® **3* and additive engineering.””
“l Among these, the introduction of a small organic molecular passivator has been

demonstrated to be an effective method for achieving higher-performing devices. The small
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organic molecule can effectively passivate defects on the grain boundary and surface of
perovskite crystal structures, thereby inhibiting non-radiative recombination processes and
charge trapping.

In this study, a novel small molecule organic additive, namely 2, 8-dibromodibenzofuran
(diBDF), was introduced for direct incorporation into the perovskite precursor solution to
passivate the defects formed in the grain boundaries and surface of perovskites active layer.
The lone pair electrons on the oxygen atom of diBDF, acting as a Lewis base, can coordinate
with the uncoordinated Pb*, thereby enhancing the performance of the devices. Furthermore,
inserting the diBDF reduces the number of low-n phases in the quasi-2D perovskite, enabling
efficient carrier transports. The quasi-2D PeLEDs produced by this strategy demonstrated
peak current efficiencies of up to 65.0 cd A" and EQE of up to 19.9% at emission
wavelengths of 517 nm.

2. Experimental section

2.1. Materials

A transparent conductive electrode composed of indium tin oxide (4.5 /sq ITO) was
acquired from AMG. Poly(3, 4-ethylenedioxythiophene): poly-styrene sulfonate
(PEDOT:PSS, Clevios Al 4083) was purchased from Heraeus Clevios, poly (9-
vinlycarbazole) (PVK, Mw = 1, 100, 000 g mol™), 2, 8-dibromodibenzofuran (diBDF), lead
bromide (PbBr,, >98%), cesium bromide (CsBr, 99.999%), 18-Crown-6 ether (Crown,
>99.0%), dimethyl sulfoxide (DMSO, 99.9%) and chlorobenzene (CB, 99.8%) were
purchased from Sigma Aldrich. GreatCell Solar purchased n-Butylammonium bromide
(BABTr, 99.9%). Both 2, 2°, 2°°-(1, 3, 5-benzinetriyl) tris(1-phenyl-1-H-benzimidazole) (TPBi,
99.9%) and lithium fluoride (LiF, 99.9%) were purchased from OSM and iTASCO,

respectively. All chemicals were utilized without any additional purification.

2.2. Preparation of Perovskite Precursor and HTL Solutions

For the manufacture of the quasi-2D BA.Cs,.Pb,Brs,+1 perovskite film, the following
ingredients were used: 1 mL of DMSO, 23.1 mg of BABr, 23.1 mg of CsBr, 55.05 mg of
PbBr;, and 4.0 mg of crown with and without 3 mg of diBDF. Stirring was performed
overnight at 60 °C. Before use, the completely reactive solution was filtered using a 0.20 pm
hydrophilic filter. For the hole transport layer (HTL) solution, the 4 mg mL™" of PVK were

dissolved in chlorobenzene.
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2.3 Devices fabrication

The ITO substrates underwent a cleaning process involving the use of detergent and
deionized water, followed by sonication in acetone and ethanol for a duration of 15 minutes
each. Following the drying process in an oven, the substrates underwent treatment using a
UV-ozone plasma cleaner for a duration of 15 minutes in order to enhance their hydrophilic
properties. The PEDOT:PSS solution was applied onto a cleaned ITO substrate using spin-
coating technique at a speed of 4500 rpm for a duration of 40 seconds. Following the
annealing process at a temperature of 140 °C for a duration of 10 minutes, the samples were
subsequently moved into a glove box. Within this controlled environment, a solution of PVK
was deposited onto the films of PEDOT:PSS using a spin-coating technique at a rotational
speed of 4000 rpm for a duration of 40 seconds. The perovskite precursor solution was
subsequently applied onto the PVK films using spin-coating technique. The spin-coating
process involved two steps: first, the solution was spun at a speed of 500 rpm for a duration of
5 seconds, and then at a speed of 7000 rpm for 40 seconds. After the spin-coating, the samples
were subjected to annealing at a temperature of 120 °C for a period of 5 minutes under a
nitrogen glovebox. A sequential thermal evaporation approach was employed to deposit
layers of TPBi (75 nm)), LiF (2 nm), and aluminum (Al) (100 nm) onto the perovskite film.
This process was carried out within a thermal evaporation chamber under a pressure of
approximately 1 x 10°° Torr. Based on the surface area occupied by the aluminum electrode,

the designated area of the unit device measures 0.135 cm®.

2.4 Density Functional Theory calculation

The Castep program in Materials Studio is employed to perform DFT simulations. A
kinetic energy cutoff of 570.0 eV is utilized. During the calculation process, the Perdew-
Burke-Ernzerhof (PBE) exchange correlation functional is combined with the generalized
gradient approximation (GGA). ABX;3 (100) is simulated using a (3 x 3) supercell with a
vacuum size of 20 emm, where organic matter is adsorbed onto it. The self-consistent field
convergence condition is set to 1 x 10°¢V/Atom, and a Monkhorst-Pack K-point grid of 2 x 2

x 1 is selected.

2.4 Characterization
The atomic force morphology (AFM) measurement was conducted using a scanning probe
microscope (Icon-PT-PLUS, RUKER). The measurement of scanning electronic microscopy

(SEM) was conducted using a Field Emission Scanning Electron Microscope-Schottky type
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(TESCAN/MIRA3 LMH) with a beam energy of 5 kV. The experimental procedure involved
doing steady-state photoluminescence (PL) measurements utilizing a pulsed xenon light. The
experimental procedure involved conducting time-resolved PL. measurements using a helium-
cadmium (He Cd) laser with a wavelength of 375 nm. The photoluminescence quantum yield
(PLQY) was measured by an absolute photoluminescence quantum yield spectrometer
(C11347) from HAMAMATSU. The J-V-L characteristics, EQE, and electroluminescence
(EL) spectra were obtained by employing a Konica Minolta spectroradiometer (CS-2000) in
conjunction with a Keithley 2400 source meter. The measurements of device properties were
conducted in ambient air conditions while utilizing encapsulation. The UV-visible absorption
spectra were obtained using a Varian Cary 5000 spectrophotometer. The X-ray photoelectron
spectrometer from KRATOS Analytical Ltd. (AXIS SUPRA) with an Al Ka (1486.6 eV) X-
ray source was utilized for XPS analysis. The infrared (IR) camera P1640 was used to detect
the suface temprature distribution of LED devices.The X-ray diffraction (XRD) measurement
was conducted using X-Ray Diffractometer(Rigaku/UltimalV). The femtosecond transient
absorption spectra and decay were measured using a home-made transient absorption
spectrometer with a 1-kHz repetition rate femtosecond Ti:sapphire regenerative amplifier
system (Hurricane, Spectra Physics), infrared optical parametric amplifier (OPA-800CF,
Spectra Physics), and Ocean Insight spectrometers (oceanFX, QEPro, and NIRQUEST). More

details on this system were previously reported."* **

3. Results and discussion

The fabrication process involved the construction of PeLED devices using the following
layered structure: ITO/PEDOT:PSS/PVK/perovskite/TPBi/LiF/Al. The aforementioned
structure is observable in the cross-sectional SEM as depicted in Figure Sla. The hole
injection and transport layers, namely PEDOT:PSS and PVK, were sequentially applied onto
the clear ITO substrate. Subsequently, the perovskite material was put onto the PVK layer,
serving as the emitting layer. The perovskite layer consists of quasi-2D structures of BA,Cs,.
1PbBrsn+1 film, both with and without the diBDF additive. In this context, the variable “n”
denotes the number of “PbBrs” layers present in the 2D perovskite. The perovskite layers
underwent treatment using the encapsulation growth approach already devised in our earlier
work.""! Finally, the TPBi, LiF, and Al layer were formed by thermal evaporation onto the
perovskite layer. In this process, TPBi served as the electron transport layer, LiF functioned as

the injection layer for electrons, and Al was utilized as the cathode for the entire device.
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Figure 1a illustrates the molecular structure of diBDF with emphasis on the furan ring unit.
It is anticipated that the lone pair electrons on the oxygen within the furan ring will coordinate
with the uncoordinated Pb** present on the grain boundaries within the perovskite crystal, as
depicted in Figure 1b. As a result, the formation of perovskite thin films with reduced defect

density is expected.

a Br Br

2.8-Dibromodibenzofuran
(diBDF)

Figure 1. (a) Molecular structure of diBDF. (b) Schematic diagram for the mechanism of
diBDF passivation.

Figure 2a displays the simulated electrostatic potential (ESP) surfaces of diBDF,
exhibiting the 3D view of the charge distribution. The oxygen atom on the furan ring and the
bromine atoms attached to the aromatic ring exhibit significant negative electron-withdrawing
effects, resulting in higher Lewis basicity and increased potential as a passivator. In order to
conduct a more comprehensive analysis of the interaction between the additional agent and
perovskite, Fourier transform infrared spectroscopy (FTIR) was employed to assess the
properties of perovskite thin films in the presence and absence of diBDF. As depicted in
Figure 2b, the two prominent peaks associated with the C-O-C stretching vibration,
positioned at 1210 cm™ and 1075 cm™, have both undergone a shift. This shift can be
interpreted as compelling evidence supporting the coordination of diBDF with uncoordinated
Pb?*, as well as the effective mitigation of defects within the perovskite crystal structure.™ 4!
In contrast, the peak associated with C-Br stretching did not exhibit any shift (see Figure S2),
indicating that the interaction between the perovskite crystal and the diBDF compound was
primarily mediated by the “O” atom on the furan ring rather than the “Br” atom.

In order to evaluate the impact of diBDF cooperation, X-ray photoelectron spectroscopy
(XPS) was utilized to quantitatively measure alterations in electron cloud density. Figure 2c
depicts the XPS result for the Pb element in both untreated and diBDF-treated perovskite thin
films. The core levels Pb*" spectrum in both 4f7, and 4fs, orbitals exhibit a clear shift to lower
binding energy. Furthermore, the 3ds» and 3ds, orbitals of Br™ also shifted to lower binding

energy (Figure S3), indicating that the introduction of diBDF can donate its lone electron
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pairs to coordinate with the uncoordinated Pb** and influence the chemical environment of the
ions in perovskite. This finding agrees with the FTIR measurements. Density functional
theory (DFT) calculations are also undertaken to determine the mechanism of passivation of
diBDF with CsPbBr; perovskite crystal as shown in Figure 2d. The (100) slab of the cubic
CsPbBr; terminated by Cs and Br atoms with a Br vacancy on the surface was selected as the
crystal model. Due to the scarcity of the Br atom, the subsurface Pb atom becomes
unsaturated, resulting in a non-radiative combination. According to the DFT simulation, the
diBDF can be adsorbed and coordinated with the uncoordinated Pb by electron donation. The
adsorption energy was calculated from the formula: E(ads) = Eispriperoy — Eero) — Einpr,
where Eipprspero) iS the total energy of the diBDF molecules adsorbed on the (100) plane of the
perovskite crystal. Eper is the (100) plane energy of perovskite, and Ewigpr) is the diBDF
molecule energy (the values of Eispr+pero)y Epero)y and Eisor) are listed in Table S1). As a
result, the adsorption energy of diBDF on CsPbBr; was found to be as high as 0.95 eV. This
shows that diBDF has a strong ability to bind to the perovskite through an electron donation-
acceptance interaction'*®’

The evaluation of film morphologies of perovskite thin films, which were coated over a
PVK layer, was conducted using atomic force microscopy (AFM). As shown in Figures 2e
and f, the root mean roughness (RMS) of thin films containing diBDF is approximately 4.08
nm, indicating a significant improvement in films without diBDF (which are approximately
5.81 nm). The results obtained from the top-view SEM analysis as depicted in Figure S1b
and S1c, along with the AFM findings, indicate that the incorporation of diBDF leads to the
formation of thin films with enhanced uniformity and comprehensive coverage. These
characteristics are advantageous for the performance of the devices and have the potential to
reduce the leakage current in PeLEDs."” **) Besides, the bright spots on the AFM images are
speculated to be the PbBr, crystal,'® and the decreased quantities of them could indicate the
decrease of the uncoordinated Pb** ions defects.

The crystal structure of the perovskite thin films with and without diBDF were then
detected through X-ray diffraction (XRD) to investigate the influence of diBDF on the
perovskite crystallization. As the XRD patterns shown in Figure S4, after treated with the
diBDF, the diffraction peak positions of the perovskite film remained unchanged. This
phenomenon indicates that diBDF only acts as the ligand to coordinate with Pb** and does not

enter the crystal lattice'".
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Figure 2. (a) Visualization of the ESP result of diBDF molecule. (b) FTIR spectra of
powdered PbBr,, diBDF and diBDF with PbBr,. (c) XPS spectra for Pb 4f;, and Pb 4f;;, of
pristine and diBDF-treated perovskite films. (d) Adsorption configuration of diBDF on the

Br-vacant- CsPbBry surface. AFM morphology of (e) pristine and (f) diBDF treated

perovskite films on PVK films.

The steady-state PL results for the perovskite film, both with and without diBDF, are
depicted in Figure 3a. The perovskite film containing the diBDF compound demonstrates a
notable increase in PL intensity. The increase in brightness can be readily seen with the naked
eye when ultraviolet light with a wavelength of 365 nm excites the films (see the insets).
Furthermore, the diBDF-treated perovskite material has a much higher PL. quantum yield
(PLQY) of roughly 78.1% in contrast to the pure perovskite thin films, which display a PLQY
of about 49.6% (refer to Figure S5).

In the meantime, time-correlated single photon counting (TCSPC) measurements were
performed on perovskite thin films with and without diBDF to determine the PL decay time
change. The decay parameters were extracted by fitting the TCSPC curves (shown in Figure
3b) with the triexponential function: I (t) = A; exp (-t/t1) + Az exp (-t /1) + A; exp (-t /o) for
the pristine and diBDF-incorporated perovskite films. As a result, the average PL lifetime
(Tave) of diBDF-treated perovskite was increased to Tas = 60.6 ns compared to T.g = 52.8 ns of
the pristine films (detailed information is summarized in Table S2). The extended lifetime
implies a reduction in defect density and the enhancement of radiative recombination in the
diBDF-treated quasi-2D perovskite film, aligning with the observed increase in

42501 These results illustrate the compensation of Br~ vacancies

8
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in the “PbBrs” octahedral, which act as defect centers, by the lone pair electrons on diBDF.
This compensation leads to a decrease in defect density and suppression of non-radiative
recombination caused by the defects. Figure 3c depicts the UV-visible absorption spectra of
the perovskite films prior to and subsequent to the application of diBDF treatment. The
effective suppression of the n = 1 phase in the perovskite thin film is attributed to the design
of the perovskite structure and the utilization of BA ligand.”® However, the phases with n = 2
and n = 3 are still present. The introduction of diBDF into perovskite resulted in a decrease in
the intensity of all peaks associated with low-dimensional domains (n = 1, 2, and 3). Notably,
the ratio of the n=1 phase also decreased. Those suppressions agree with the low-n region
observed in the PL spectra (Figure S6). Decrease in low dimensional domains is
advantageous for energy transfer in quasi-2D perovskite and is ascribed as one of the reasons
why our additive improves device efficiency."”" The energy transfer process in the perovskite
thin films with and without diBDF were further investigated with transient absorption spectra
(TAS). As shown in Figure S7, the n = 3 domain showed very short-lived photobleach (PB)
band of less than 1 ps, and n > 4 domains appeared ~ 1 ps TA signal rise-time and long-lived
PB band signal of over 100 ps. In the visualized TA Kkinetics traces (Figure S7c), the
formation (rise) time constant (T.s.) for PB n > 4 in pristine film is 930 fs while the decay
kinetics for PB n > 4 peak of diBDF-treated perovskite film shows a shorter formation time of
740 fs, demonstrating the acceleration of energy transfer in quasi-two-dimensional perovskite
films with optimized phase distribution.™”’

In order to conduct a more precise comparison of defect density between the pristine and
treated devices, we utilized the space charge limited current (SCLC) measurement technique
to determine the defect state density (IV,) for the hole-only devices with the structure of

ITO/PEDOT:PSS/PVK/perovskite/MoOs/Ag. The following formula was used to calculate

2e,eV
the defect density: N ,2%. Among them, € denotes the relative dielectric constant of
e

perovskite, & represents the vacuum permittivity, e signifies the elementary charge, L
corresponds to the thickness of the perovskite film, and Vi denotes the trap-filled limit
voltage. As demonstrated in Figures 4a and b, the Vip of the perovskite film treated with
diBDF is measured to be 1.30 V, which represents a notable decrease compared to the voltage
of 0.90 V observed in the original, untreated perovskite film. The lower Vs value represents
fewer defects in the perovskite crystal,® which quantifies the passivation effect of the diBDF

agent.
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Figure 3. (a) Steady-state PL spectra (insert: the photographs of perovskite thin films under
excitation of 365 nm ultraviolet light before and after introducing diBDF). (b) Time-resolved
PL decay spectra of the perovskite thin films with and without diBDF, and (c) UV-Visible

absorption spectra of pristine and diBDF-treated perovskite thin films.
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Figure 4. Current density-voltage characteristics of hole-only devices utilized for estimating
the defect density in (a) pristine and (b) diBDF-treated perovskite films.

Figure 5a displays the current density-voltage-luminance (J-V-L) curves of the quasi-2D
PeLEDs with and without diBDF treatment. Both pristine and treated devices demonstrate a
significantly low level of leakage current, indicating the exceptional quality of our device.
Furthermore, the luminance of the diBDF-treated devices increased in comparison to the
pristine devices; the maximum luminance of the diBDF-treated device is 4650 cd m™,
whereas the pristine device has a value of 4012 cd m™. In the identical experimental
conditions, the EQE of our champion device incorporating diBDF has exhibited a notable
enhancement, rising from 14% to 19.9% as illustrated in Figure 5b. Additionally, the current
efficiency has experienced a substantial rise, progressing from 45.2 cd A™ to 65.0 cd A™

(Figure S8).
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Figure 5. (a) J-V and luminance-voltage curves, (b) J-EQE curve (insert: the photograph of a
sample of a device under the operational voltage), (c) Operating lifetimes at constant current
density with an initial luminance of 100 cd m™, (d) EL spectra of a PeLED under various
applied vias (insert: CIE coordinates).

In order to evaluate the operational stability, the lifetimes of the devices with and without
the presence of diBDF were analyzed. Figure 5c¢ demonstrates that the device incorporating
the diBDF additive exhibited superior operational stability compared to the pristine devices.
Specifically, the half-lifetime of the perovskite device treated with diBDF reached 855 s, with
an initial luminance of approximately 100 cd m™. This represents an improvement of nearly
40% compared to the pristine device, which had a half-lifetime of approximately 612 s. The
enhanced operational stability can be attributed to the passivation of defects present on the
grain boundaries of the perovskite crystalline structure. This passivation process effectively
suppresses ion migration and retards the degradation of device performance."* ** Meanwhile,
we used an IR camera to track and compare the surface temperatures of LED devices treated
with and without diBDF (Figure S9). The surface temperature of the diBDF-treated device
ultimately reached 22.78 °C after being powered at a constant voltage of 5.4 V, which is

noticeably lower than the pristine devices’ (25.14 °C) temperature. The reduction of the
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temperature resulted from the decreased Joule heating produced by non-radiative
recombination.'”” ** %3 These findings could be interpreted as additional intuitive proof of
diBDF’s passivation impact, as well as a cause for diBDF to extend the lifetime of perovskite
LEDs. In addition, the treated devices have a significant degree of stability at a specific
wavelength of 517 nm, even under conditions of elevated operating voltage as illustrated in
Figure 5d. The inset photo provides a visual representation of the device’s position within the
Commission Internationale de I’Eclariage (CIE) 1931 gamut coordinates. The comprehensive
performance analysis is described in Table 1 and Figure S8. The histogram analysis
comparing the PeLEDs with and without diBDF clearly exhibits a notable improvement
observed in the treated devices. This discovery highlights the robust reproducibility of the
technique proposed in this study.

Table 1. Performance characteristics of the pristine and champion treated devices.

) . Lmax [cd m7] CEmax [cd A™] EQEmax [%)]
Sample configuration ) ) ) Wavelength [nm]
@ bias @ bias @ bias
Pristine 40125 @ 6.0 452 @ 3.4 1387 @ 3.4 517
diBDF 46505 @ 5.4 65.0 @ 3.4 19.90 @ 3.4 517

Furthermore, we investigated alternative passivation agents that possess a similar structure
to diBDF. These agents include 2, 8-dibromodibenzothiophene (DBDBT), which contains a
thiophene ring, and 3, 6-dibromocarbazole (DBCB), which features a carbazole ring. The
structures of DBDBT and DBCB can be found in Figure S10. We conducted this comparison
to assess the effectiveness of these agents as passivators. Based on the 3D views of the charge
distribution of the molecules as depicted in Figure S11, the diBDF exhibits the highest
electrostatic potential density on its heterocyclic ring when compared to DBDBT and DBCB.
Consequently, diBDF may be regarded as possessing the most pronounced Lewis basicity
among the three additives. Figure S12 displays the SEM and AFM images of pristine and
perovskite thin films treated with the agents and coated on a PVK layer. Among those images,
it is obvious that the perovskite thin film treated with diBDF exhibits the highest level of
uniformity and smoothness. Then, we fabricated LED devices containing these three additives
in order to evaluate their electric properties. As the results, diBDF-treated LED device shows
the highest EQE and the best operational stability among its analogues (Figure S13 and
Table S3). These results can be attributed to the fact that diBDF is more likely to donate its

12
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lone pair electrons to the defect-abundant perovskite than other analogues and can therefore
passivate the defects and enhance the performance of the PeLEDs more effectively. In
addition, the V. values of SCLC characterization for devices treated by different additives
shows the same trend as we speculated (Figure S14), and the most reduced Vir. value
demonstrate the diBDF- treated device has the lowest defect density, which is consistent with

the device performance.

4. Conclusion

In summary, we have effectively employed a small molecular organic additive known as
diBDF, which possesses an abundance of lone electron pairs to improve the performance of
PeLEDs. The lone pair electrons on the diBDF have the ability to establish coordination
bonds with uncoordinated Pb**. This interaction between diBDF and Pb* has the potential to
improve the overall performance of the devices. In addition, the incorporation of diBDF into
the quasi-2D perovskite structure results in a decrease in the abundance of low-n phases,
hence facilitating effective carrier transport. The PeLEDs fabricated using this approach
exhibited a significant enhancement in device performance, with a brightness of 4650 cd m™
at 517 nm and an EQE of 19.9%, compared to 4012 cd m™ and 13.8% for the untreated
device. Our findings suggest that an efficient small molecule additive can be used to fabricate

high-performance quasi-2D perovskite emission devices.
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This work presents an organic small molecule additive as passivation material for PeLEDs,
which reduces the defect density in the perovskite crystal hence improves the external
quantum efficiency and stability of devices. This strategy effectively enhances the

performance of PeLEDs.

Ying Li, Fuqiang Li, Zhongkai Yu, Vellaiappillai Tamilavan, Chang-Mok Oh, Woo Hyeon
Jeong, Xinyu Shen, Seongbeom Lee, Xiangrui Du, Eunhye Yang, Yoomi Ahn, In-Wook
Hwang, Bo Ram Lee, Sung Heum Park*

Effective small organic molecule as a defect passivator for highly efficient quasi-2D

perovskite light emitting diodes
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