
Next-Gen Display Tech: Boosting 2D Emission
with Plasmonic Metasurfaces

Conceptual diagram illustrating Babinet’s principle

and surface lattice resonance (SLR) effects.

GA, UNITED STATES, June 23, 2025

/EINPresswire.com/ -- To overcome

quenching and spatial localization in

conventional plasmonic antenna–2D

semiconductor hybrids, a plasmonic

metasurface was developed. By

applying Babinet’s principle to design

hollow nano-antennas and inducing

surface lattice resonances (SLRs), the

research team minimized non-radiative

losses and achieved large-area

emission enhancement. This work

presents a scalable approach for

realizing low-power, high-brightness light emission in flexible optoelectronic devices.

van der Waals materials (vdWMs) have garnered increasing attention from both academia and

industry due to their atomic-scale thickness, mechanical flexibility, and superior electrical and

optoelectronic properties compared to conventional silicon-based materials. Consequently,

leading semiconductor manufacturers such as TSMC and Intel are investing heavily in research

and development to incorporate 2D semiconductors into next-generation devices. However, the

practical implementation of vdWMs in optoelectronic applications—particularly in light-emitting

devices—has been hindered by key challenges, including low quantum yield and inefficient large-

area integration.

In response, a collaborative research team led by Prof. Kyoung-Duck Park (Department of

Physics and Semiconductor Engineering at POSTECH) and Prof. Junsuk Rho (Departments of

Mechanical Engineering, Chemical Engineering, and Electrical Engineering at POSTECH), in

collaboration with Prof. Vasily Kravtsov (School of Physics and Engineering at ITMO University)

has developed a plasmonic metasurface integrated with vdWMs. This novel platform addresses

critical limitations of conventional plasmonic antenna–vdWM hybrids, including emission

quenching and strong spatial localization. The results(doi: https://doi.org/10.1038/s41377-025-

01873-3 ) of this work were recently published in Light: Science & Applications.

In pursuit of high-efficiency, low-power flexible displays, the team tackled the fundamental
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challenge of enhancing light emission in monolayer semiconductors. Existing strategies using

metallic nanoantennas face two major drawbacks: (1) substantial non-radiative losses at the

metal–semiconductor interface, and (2) the enhancement is typically localized to areas around

~100 nm², dispersed inconsistently on the 2D surface.

To overcome these challenges, the researchers designed and fabricated plasmonic metasurfaces

composed of hollow slot antennas, using Babinet’s principle and Rayleigh’s anomaly. This new

platform maximizes radiative decay rate and induce non-local photo-excitation in a MoSe2

monolayer. In contrast to isolated nanoantenna effects, surface lattice resonance (SLR) of slots

extends optical coherence and field enhancement over larger areas, enabling large-area, high-

brightness emission at low power. For emitted PL coupled with SLR, locally enhanced by up to

1600-fold, the researchers investigate its in-plane directivity and long-range propagation using

angle- and space resolved spectroscopic PL measurements. The experiment reveals that a nearly

800 ᵰ�m2 2D luminescent sheet can be achieved regardless of the size of the MoSe2 crystal, even

with a sub-ᵰ�m2 flake.

The researchers emphasized the broader vision, stating, “People are now seeking display

technologies that go beyond IMAX—toward immersive, ultra-large-scale platforms like the Las

Vegas Sphere. Next-generation displays must be flexible, low-power, high-brightness, and

capable of large-area emission. This work represents a critical milestone in overcoming the

limitations of 2D semiconductors and paves the way for future display and optical

communication technologies.”

Also, “By integrating Babinet’s principle and surface lattice resonances into a novel metasurface

architecture, we present a fundamentally new design that overcomes longstanding limitations of

conventional plasmonic systems. This platform is poised to become a core technology in future

high-brightness displays and photonic communication devices.”

This breakthrough is regarded as a significant step forward in redefining the future of everyday

display and optoelectronic technologies.
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