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Metal halide perovskites have emerged as promising candidates for
light-emitting diodes (LEDs) due to their cost effectiveness, solution
processability, and impressive luminescence.1 At present, the external
quantum efficiencies (EQEs) of sky-blue,2 green,3 red,4 and near-infra-
red perovskite LEDs (PeLEDs) have exceeded 20%,5 demonstrating
significant potential for future display and communication technolo-
gies. However, achieving high-performance pure-blue PeLEDs with
a peak wavelength of 460–470 nm, which is an indispensable color,
has been challenging.6

The emission color of PeLEDs can be tuned through halide mixing
or contraction of the quantum-confinement effect. In the pursuit of
pure-blue PeLEDs, the most straightforward approach is mixing bro-
mide with a high load of chloride. However, the prevalent challenge
arising from halide ion migration and phase segregation significantly
hinders color purity during device operation.7,8 Additionally, chloride
perovskites exhibit a higher density of deep-level traps and lower in-
trinsic defect tolerance compared to their mixed bromide and iodine
counterparts, posing obstacles to achieving a breakthrough EQE ex-
ceeding 10%.9

Reduced-dimensional (quasi-2D) pure bromide perovskites have
emerged as a promising alternative for high-performance PeLEDs, yet
challenges persist for achieving pure-blue LEDs.10,11 Leveraging the

quantum-confinement effect, quasi-2D perovskites facilitate enhanced
radiative recombination rates, leading to higher photoluminescence
quantum yields (PLQYs). However, the incorporation of large organic
cations triggers severe charge injection issues, resulting in poor EQE and
consequently low luminance. Additionally, the inferior distribution across
multiple dimensions can lead to broad emission peaks, ultimately hinder-
ing the color purity of the devices. State-of-the-art quasi-2D PeLEDs
have demonstrated high EQE of 28.1% and luminance of 36;500 cdm−2,
attributed to defect passivation and structure regulation;12 however,
when targeting higher bandgaps for pure-blue LEDs, the requirement
for additional large organic cations can exacerbate charge injection
issues, consequently leading to poor device performance.

Employing a combination of strategies utilizing mixed Br/Cl and
quasi-2D configurations holds promise for maximizing the benefits of
both approaches, pushing the emission color towards pure-blue while
minimizing the charge injection problem. Recently, Hou et al. reported
a color-stable pure-blue 466-nm PeLED based on mixed-halide quasi-
2D, achieving a record luminance of 1806 cdm−2 and a significantly
increased EQE of 9.25% (Fig. 1).13 This enhanced performance is
attributed to the multifunctional zwitterionic molecule additive,
3-(benzyldimethylammonio)propanesulfonate (3-BAS; see the molecu-
lar structure in Fig. 1).

Fig. 1 The molecular structure of 3-BAS and the schematics of surface defect passivation and
crystallization regulation via 3-BAS incorporation.
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3-BAS incorporation can effectively passivate defects and regulate
the crystallization of mixed halide quasi-2D perovskites (Fig. 1). The
achieved performance during device operation stems from: 1) the
passivation of surface defects facilitated by Lewis base-acid reaction
between the sulfonic group (−SO3

−) of 3-BAS and the uncoordinated
Pb2þ ions and 2) the inhibition of halide migration via the formation
of electrostatic interactions between the electropositively quaternary
ammonium group (−R4N

þ) of 3-BAS and the electronegatively halide
ions. The suppression of the two primary factors contributing to the
phase segregation observed in mixed-halide perovskites ensures the
stable pure-blue LED. Furthermore, the incorporation of 3-BAS mol-
ecule can inhibit the formation of small-n phases during the perovskite
crystallization because of the strong interaction of 3-BAS with Pb2þ

and halide ions, resulting in well-oriented perovskite layers and higher
quality film morphology. This will enhance the energy transfer process,
leading to higher radiative recombination and thereby enhanced lumi-
nance and EQE in the device.

Hou et al. further explored the potential application of the resultant
pure-blue PeLEDs in visible light communication (VLC).13 The
3-BAS-treated PeLED served as a high-speed light source for a low-
loss VLC system, exhibiting superior signal restoration ability and
demonstrating effective electrical-optical-electrical signal conversion.
These findings highlight the potential application for high-performance
wireless communication. However, perovskite LEDs for optical com-
munication are still at the early stage of development, falling short of
necessary standards. While conventional inorganic thin-film technolo-
gies dominate, we see potential for solution-processed perovskite-based
LEDs to offer complementary capabilities.14,15

Continued efforts in the development of pure-blue PeLEDs should
prioritize not only further narrowing the EQE gap with other counter-
parts but also extending long-term operational stability (lifetime) and
minimizing the efficiency roll-off. As previously discussed, a combi-
nation of different strategies, such as mixed halides, the quantum con-
finement effect, and other materials composition engineering, might be
needed for advancing the EQE of pure-blue PeLEDs.1 Furthermore,
despite enhancements in EQEs, state-of-the-art blue PeLEDs frequently
exhibit insufficient long-term operational stability from several seconds
to minutes.2,9 Device lifetime is further complicated by the stability of
not only the perovskite film but also the interlayers within the entire
device during operation. Exploring new device structures, such as the
screening of all-inorganic charge injection layers, could aid in achiev-
ing durable pure-blue perovskite LEDs.

A common key issue for LEDs, while receiving less discussion in
pure-blue PeLEDs, is the efficiency reduction at high current densities,
known as efficiency roll-off.16 Addressing this challenge requires a
heightened focus on achieving a balanced carrier injection regime,
minimizing Auger losses, and exploring thermal management in future
device developments.17 We believe that as research continues to ad-
vance, existing barriers will be overcome, leading to advancements in
full display and optical communication technologies.
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