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Fig. 1. Schematic of active plasmonic materials and devices:
(a) Working principle of hydrogen regulation to the chirop-
tical responsel®!; (b) gate-tuning of graphene plasmons re-
vealed by infrared nano-imaging®®; (c) GeSbTe is amorph-
ous at room temperature, and crystalline at high temperat-
urel?l; (d) tunable interference of light behind sub-

wavelength apertures!!5,
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Fig. 2. Dynamically tune propagating surface plasmons: (a) Imaging propagating and localized graphene plasmons by scattering-

type scanning near-field optical microscopy®; (b) thermal tuning of surface plasmon polaritons using liquid crystals/s?

; (c) tuning

the dispersion relation of a plasmonic waveguide via graphene contact(™); (d) out-of-plane designed soft metasurface for tunable sur-

face plasmon polariton!'54,
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Fig. 3. Dynamically tune localized surface plasmons: (a) Switching of magnesium particles to magnesium hydride and vice versa
with the aid of a 10 nm catalytic Pd layer and 5 nm Ti buffer™; (b) all-optical control of a single plasmonic nanoantenna-ITO hy-
brid®; (c) an electromechanically reconfigurable plasmonic metamaterial operating in the near-infrared; (d) dynamically modu-
lating the surface plasmon resonance of doped semiconductor nanocrystalsl®; (e) doped nanocrystals as plasmonic probes of redox

chemistry©d.
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Fig. 5. Active plamsonic nanoantennas: (a) Switchable nanoantennas by the interaction of yttrium dihydride with hydrogen!’);

(b) narrowband tuning of infrared reflectivity in devices consisting of plasmonic metasurfaces patterned on SmNiOjy thin films!'®¥;

(c) broad electrical tuning of graphene-loaded plasmonic antennas®; (d) an actively ultrafast tunable giant slow-light effect in ul-

trathin nonlinear metasurfaces!.
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Fig. 9. Dynamically tune the polarization states of light: (a) Feely tunable broadband polarization rotator for terahertz waves!!0!);
(b) broadband tunable liquid crystal terahertz waveplates driven with porous graphene electrodes®; (c) ultrafast synthesis and
switching of light polarization in nonlinear anisotropic metamaterials!'™l; (d) dynamically switching the polarization state of light

based on the phase transition of vanadium dioxidel'46],
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Fig. 11. Dynamically tunable anomaly reflection and refraction: (a) Phase change material based tunable reflectarray!?!, reprinted

with permission from Ref.[124] © The Optical Society; (b) gate-tunable conducting oxide metasurfacesl®”; (c) tunable metasurface

on a stretchable substrate!s).
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SPECIAL TOPIC—Plasmon-enhanced light-matter interactions

Advances in dynamically tunable plasmonic
materials and devices®
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(National Laboratory of Solid State Microstructures and School of Physics, Nanjing University, Nangjing 210093, China)
( Received 1 April 2019; revised manuscript received 23 May 2019 )

Abstract

As is well known, plasmonics bridges the gap between nanoscale electronics and dielectric photonics, and is
expected to be applied to light generation, photonic integration and chips, optical sensing and nanofabrication
technology. So far, most of plasmonic microstructures and nanostructures cannot dynamically tune the
properties once their structures are fabricated. Therefore, developing active plasmonic materials and devices is
especially desired and necessary. Recently, dynamically tunable plasmonic materials and devices have been
intensively investigated with the aim of practical applications. Here in this paper, we review recent research
advances in active plasmonic materials and devices. Firstly we summarize three approaches to dynamically
tuning plasmonic materials and devices. The first approach is to dynamically change the effective permittivity
of metallic microstructures and nanostructures. The second approach is to dynamically adjust the ambient
environments of the materials and devices. The third approach is to real-time tune the coupling effects in the
nanostructures. Then we take ordinary plasmonic materials, plasmonic metamaterials, and plasmonic
metasurfaces for example to show how to make them dynamically tunable. With external fields (such as
electrical field, light field, thermal field, and mechanical force field, etc.), various approaches have been
demonstrated in dynamically tuning the physical properties of plasmonic systems in real time. We anticipate
that this review will promote the further development of new-generation subwavelength materials and

optoelectrionic devices with new principles and better performances.

Keywords: dynamically tunable plasmonic materials and devices, active plasmonic metamaterials, active

plasmonic metasurfaces
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