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Abstract
Light-emitting diodes (LEDs) based on perovskites show great potential in lighting and display applications.
However, although perovskite films with high photoluminescence quantum efficiencies are commonly achieved,
the efficiencies of perovskite LEDs are largely limited by the low light out-coupling efficiency. Here, we show
that high-efficiency perovskite LEDs with a high external quantum efficiency of 20.2% and an ultrahigh radiant
exitance up to 114.9 mWcm(−2) can be achieved by employing the microcavity effect to enhance light extraction.
The enhanced microcavity effect and light outcoupling efficiency are confirmed by the study of angle-dependent
emission profiles. Our results show that both the optical and electrical properties of the device need to be optimized
to achieve high-performance perovskite LEDs.
Keywords: Algebra, geometry and analysis.

Metal halide perovskites are becoming promising can-
didates for planar light-emitting diode (LED) applications
due to their unique optoelectronic properties such as
high photoluminescence quantum efficiency (PLQE) and
good color purity. During just 5 years, the external
quantum efficiencies (EQEs) of perovskite lightemitting
diodes (PeLEDs) have been enhanced from below 1%
to over 20%. Many efforts have been made to develop
high-efficiency PeLEDs with good stability, e.g., by em-
ploying multiple-quantum-well (MQW)-based perovskites.
However, although perovskite films with high PLQEs
are commonly achieved, the efficiencies of PeLEDs are
largely limited by the low light out-coupling efficiency.
Here, we demonstrate highefficiency perovskite LEDs by
employing the microcavity effect to enhance light extraction.
The enhancement of the light out-coupling efficiency is
confirmed by comprehensive studies of angle-dependent
emission profiles. Moreover, our results show that both
the optical and electrical properties of the device need to be
optimized to achieve high-performance PeLEDs.

Metal halide perovskites are becoming promising can-
didates for planar light-emitting diode (LED) applications
due to their unique optoelectronic properties such as
high photoluminescence quantum efficiency (PLQE) and
good color purity. During just 5 years, the external

quantum efficiencies (EQEs) of perovskite lightemitting
diodes (PeLEDs) have been enhanced from below 1%
to over 20%. Many efforts have been made to develop
high-efficiency PeLEDs with good stability, e.g., by em-
ploying multiple-quantum-well (MQW)-based perovskites.
However, although perovskite films with high PLQEs
are commonly achieved, the efficiencies of PeLEDs are
largely limited by the low light out-coupling efficiency.
Here, we demonstrate highefficiency perovskite LEDs by
employing the microcavity effect to enhance light extraction.
The enhancement of the light out-coupling efficiency is
confirmed by comprehensive studies of angle-dependent
emission profiles. Moreover, our results show that both
the optical and electrical properties of the device need to be
optimized to achieve high-performance PeLEDs.
Methods
Synthesis and material preparation

Colloidal ZnO nanocrystals were synthesized by a
solution-precipitation process2 . The perovskite precursor
solution was prepared from N-methylacridinium iodide
(NMAI), formamidinium iodide, and PbI2 with different
molar ratios (from 2:1.9:2 to 1.3:1.9:2) in dimethylfor-
mamide (9 wt%) and stirred overnight at room temperature
in a nitrogen-filled glove box. The NMAI was synthesized
similar to the previously reported method3 .
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Fig. 1. Again with some vertical margin and thicker frame

Fig. 2. The overview of delivery system.

Calculations
Resonant wavelength of the microcavity

Sed commodo posuere pede. Mauris ut est. Ut quis
purus. Sed ac odio. Sed vehicula hendrerit sem. Duis non
odio. Morbi ut dui. Sed accumsan risus eget odio. In hac
habitasse platea dictumst. Pellentesque non elit.

Fusce sed justo eu urna porta tincidunt. Mauris felis
odio, sollicitudin sed, volutpat a, ornare ac, erat. Morbi quis
dolor. Donec pellentesque, erat ac sagittis semper, nunc
dui lobortis purus, quis congue purus metus ultricies tellus.
Proin et quam. Class aptent taciti sociosqu ad litora torquent
per conubia nostra, per inceptos hymenaeos. Praesent sapien
turpis, fermentum vel, eleifend faucibus, vehicula eu, lacus.

Fig. 3. The overview of delivery system.

Donec et nisl at wisi luctus bibendum. Nam interdum
tellus ac libero. Sed sem justo, laoreet vitae, fringilla at,
adipiscing ut, nibh. Maecenas non sem quis tortor eleifend
fermentum. Etiam id tortor ac mauris porta vulputate.
Integer porta neque vitae massa. Maecenas tempus libero
a libero posuere dictum. Vestibulum ante ipsum primis
in faucibus orci luctus et ultrices posuere cubilia Curae;
Aenean quis mauris sed elit commodo placerat. Class aptent
taciti sociosqu ad litora torquent per conubia nostra, per
inceptos hymenaeos. Vivamus rhoncus tincidunt libero.
Etiam elementum pretium justo. Vivamus est. Morbi a
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Fig. 4. The overview of delivery system.

Table 1: this is a table

fdfs fsd sdf
sdf sdf sdf
sdf sdf sdf

tellus eget pede tristique commodo. Nulla nisl. Vestibulum
sed nisl eu sapien cursus rutrum.
Emission intensity with changing emitter position

Pellentesque habitant morbi tristique senectus et netus
et malesuada fames ac turpis egestas. Donec odio elit,
dictum in, hendrerit sit amet, egestas sed, leo. Praesent
feugiat sapien aliquet odio. Integer vitae justo. Aliquam
vestibulum fringilla lorem. Sed neque lectus, consectetuer
at, consectetuer sed, eleifend ac, lectus. Nulla facilisi.
Pellentesque eget lectus. Proin eu metus. Sed porttitor.
In hac habitasse platea dictumst. Suspendisse eu lectus. Ut
mi mi, lacinia sit amet, placerat et, mollis vitae, dui. Sed
ante tellus, tristique ut, iaculis eu, malesuada ac, dui. Mauris
nibh leo, facilisis non, adipiscing quis, ultrices a, dui.
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