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Abstract

This study demonstrates a high-efficiency, high-color-purity hybrid
tandem (h-tandem) perovskite light-emitting diode (PeLED) that
combines PeLED and organic light-emitting diode (OLED) units.
Through microcavity optimization (h-Tandem Valley) and near-
perfect charge balance, the device achieves an EQE of 37.0% and
an FWHM of 27.3 nm, showcasing its potential for next-generation
displays with superior performance and color purity.
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Introduction

Perovskite light-emitting diodes (PeLEDs) have shown remarkable
progress, achieving high external quantum efficiencies (EQEs) due
to advances in stronger exciton confinement and defect
suppression.(1-3) However, despite these developments, their
device efficiency remains below the performance of cutting-edge
organic light-emitting diodes (OLEDSs).(4,5). Tandem structures,
which incorporate multiple light-emitting units connected by
charge generation layers (CGLs), have emerged as a promising
approach to address the efficiency constraints of single-unit
LEDs.(6-9) These structures not only improve overall efficiency
by combining the performance of individual units but also mitigate
electrical stress, thereby improving device stability.

In the field of PeLEDs, however, the application of tandem
structures has remained largely unexplored. Challenges such as
material integration and maintaining charge balance while
achieving narrowband emission have hindered progress.

Recently, our group introduced a hybrid tandem (h-tandem)
PeLED, combining PeLED and OLED units to achieve both high
efficiency and color purity, reported in Nature Nanotechnology
(2024)(10). At SID’s Display Week 2025 talk, we will present the
strategy and insights that enabled this breakthrough.

Results and Discussion

Key Factors for h-tandem PeLED Fabrication: Microcavity
and Charge Balance(10)

The fabrication of an h-tandem PeLED, consisting of a solution-
processed perovskite nanocrystal (PNC)-based PeLED unit and a
vacuum-deposited OLED unit, depends critically on two critical
factors: microcavity optimization and charge balance (Fig. 1).(10)
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Figure 1. Device structure of h-tandem PeLED.
The figure is modified from ref. (10),
Copyright © 2024, Springer Nature.

One major challenge in h-tandem PeLED is addressing the
disparity in emission spectra between narrowband PeLEDs and
broadband OLEDs, which often leads to spectral broadening when
combined.(10) Through optical simulations, we optimized the
thicknesses of the hole transport layer (HTL) and electron transport
layer (ETL) in the top OLED unit to control the microcavity
effect.(10) This effort led to the discovery of the h-Tandem Valley,
a specific structural configuration that minimizes the full width at
half maximum (FWHM) to below 28 nm.(10) Devices fabricated
within the h-Tandem Valley (Valley Centre Tandem) achieved an
FWHM of 27.3 nm, closely matching the simulation prediction of
27.5 nm.(10) In contrast, devices outside this configuration
exhibited significantly broader FWHMs.(10) These findings
underscore the importance of precise microcavity control for
achieving narrowband emission in h-tandem PeLEDs.(10)

Achieving high efficiency in tandem LEDs also requires balanced
charge injection and transport across all emitting units.(10) In h-
tandem PeLEDs, the differing current density-voltage-luminance
(J-V-L) characteristics of the PeLED and OLED units pose
challenges in maintaining charge balance, often resulting in
spectral broadening, shifts in emission peaks, and reduced
efficiency.(10) To address these issues, we fabricated devices with
modified ETLs for both the bottom (PeLED) and top (OLED)
units.(10) Notably, in the Valley Centre Tandem configuration, the
J-V curves of the bottom and top units aligned perfectly within the
2.6-3.2 V range, corresponding to the maximum EQEs of the
single-unit PeLED and OLED devices.(10) This alignment enabled
the hybrid tandem device to achieve an EQE of 37.0%,
significantly outperforming unbalanced configurations, which
recorded EQEs of 26.8% despite similar device structures.(10)
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With these optimizations, the Valley Centre Tandem device
demonstrated superior efficiency and stability.(10) It achieved a
device lifetime (Lso) of 5,596 hours at 100 cd/m?, far exceeding the
performance of single-unit PeLEDs.(10) Additionally, the structure
was successfully implemented in flexible large-area displays (4 cm
x 4 cm) and a 10 x 10 passive matrix display, demonstrating its
practical viability for next-generation displays.(10)

Impact

The h-tandem PeLED represents a significant milestone in
optoelectronic device design by offering solutions to the efficiency
and stability challenges of single-unit PeLEDs. This study provides
the first successful demonstration of a high-efficiency, high-color-
purity h-tandem PeLED and establishes comprehensive design
guidelines for achieving narrowband emission, near-perfect charge
balance, and enhanced device stability.

Acknowledgement

This work was supported by the National Research Foundation of
Korea (NRF) grant funded by the Korea government (Ministry of
Science, ICT & Future Planning) (NRF-2016R1A3B1908431).

References

1. Cho H, Jeong SH, Park MH, Kim YH, Wolf C, Lee CL, et al.
Overcoming the electroluminescence efficiency limitations
of perovskite light-emitting diodes. Science [Internet]. 2015
Dec 4;350(6265):1222-5. Available from:
http://science.sciencemag.org/

2. Kim YH, Kim S, Kakekhani A, Park J, Park J, Lee YH, et al.
Comprehensive defect suppression in perovskite nanocrystals
for high-efficiency light-emitting diodes. Nat Photonics.
2021;15(2):148-55.

3. KimJS, Heo JM, Park GS, Woo SJ, Cho C, Yun HJ, et al.
Ultra-bright, efficient and stable perovskite light-emitting
diodes. Nature. 2022 Nov;611(7937):688-94.

4.

Woo SJ, Kim JS, Lee TW. Characterization of stability and
challenges to improve lifetime in perovskite LEDs. Nat
Photonics [Internet]. 2021;15(9):630—4. Available from:
http://dx.doi.org/10.1038/s41566-021-00863-2

Fan XC, Wang K, Shi YZ, Cheng YC, Lee YT, YuJ, etal.
Ultrapure green organic light-emitting diodes based on
highly distorted fused n-conjugated molecular design.

Nat Photonics. 2023;17(3):280-5.

Han TH, Park MH, Kwon SJ, Bae SH, Seo HK, Cho H, et al.

Approaching ultimate flexible organic light-emitting diodes
using a graphene anode. NPG Asia Mater. 2016;8(9):1-8.

Dai Y, Zhang H, Zhang Z, Liu Y, Chen J, Ma D. Highly
efficient and stable tandem organic light-emitting devices
based on HAT-CN/HAT-CN:TAPC/TAPC as a charge
generation layer. J Mater Chem C [Internet].
2015;3(26):6809-14. Available from:
http://dx.doi.org/10.1039/C4TC02875A

Chang YW, Huang MJ, Lai CC, Chang CC, Huang MP,
Liao CY, et al. A versatile ferrocene-containing material
as a p-type charge generation layer for high-performance
full color tandem OLEDs. Chem Commun [Internet].
2016;52(99):14294-7. Available from:
http://dx.doi.org/10.1039/C6CC07999G

Chan CY, Tanaka M, Lee YT, Wong YW, Nakanotani H,
Hatakeyama T, et al. Stable pure-blue hyperfluorescence
organic light-emitting diodes with high-efficiency and
narrow emission. Nat Photonics. 2021;15(3):203-7.

Lee HD, Woo SJ, Kim S, Kim J, Zhou H, Han SJ, et al.

Valley-centre tandem perovskite light-emitting diodes.
Nat Nanotechnol. 2024;19(5):624-31.

SID 2025 DIGEST « 147





