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eing able to manipulate and control light flows at small scales

holds the promise to open groundbreaking opportunities for a

variety of technologies. Consider, for instance, the challenges

currently faced in the world of computing: as data rates and
processing demands increase worldwide at an exponential rate, we are facing
unsustainable increases in energy
consumption associated with data
centers and streaming providers.
To address these challenges, opti-
cal computing and communications
offer an interesting alternative to
electronic-based systems. Using light
for these purposes, however, is hin-
dered by the fact that photons are not
easily squeezed to volumes beyond
the diffraction limit, i.e., below
the wavelength scale, which would
be required both to enable low-
energy computation at sufficiently
high speeds and to match the degree
of integration density available in
electronic systems. Today, the field of optoelectronics, which combines high-
density electronic devices to process the data and low-energy data transport
enabled by light, is growing at a very fast pace.

In parallel, in order to enable truly all-optical computing platforms, the field
of nanophotonics has been blooming, with the goal of squeezing and processing
light streams at deeply subwavelength scales, helped by tremendous techno-
logical advances in nanofabrication and in the understanding of the inter-
action of light with nanostructured materials. Of utmost importance is the
necessity of integrating a large number of devices at the nanoscale into a
platform compatible with current manufacturing processes. Ideally, within this
platform, we may be able to generate, control, modulate, and process light
signals at ultrafast speeds and below femtojoule/bit energy levels. This is
the context behind this special issue, in which we highlight several research
efforts in the broad area of active nanophotonics and in which we present
12 invited papers from leading authors in the field, highlighting opportunities,
challenges, and outstanding recent questions in this area of science. A variety

This special issue
highlights the state

of the art in active
nanophotonics, with
an emphasis on new
material platforms and
metamaterial concepts
to address the modern
challenges in this field.
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of exotic optical phenomena are
being discovered, including the rel-
evance of quantum phenomena as
the scales of light-matter interac-
tions becomes comparable to the
atomic scale and of engineered
materials and metamaterials that
go beyond what natural materials
offer in their interaction with light.
In the following, we provide a brief
overview of the articles in the spe-
cial issue, with an outlook on this
field of research and technology.

After an initial overview by Kras-
nok and Alu broadly discussing
the opportunities offered by active
nanophotonics and the relevance of
new material platforms and meta-
material concepts to address the
modern challenges in this field,
the special issue can be divided
into two broad areas: material plat-
forms and metamaterial devices for
nanophotonics, as described in the
following.

I. MATERIAL
PLATFORMS FOR
ACTIVE
NANOPHOTONICS

Active  nanophotonic  systems
require the integration of optical
materials capable of generating
and actively manipulating light at
subwavelength scales. Significant
efforts are being devoted to explore
various material platforms that
can provide these functionalities
combined with large efficiency.
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In this context, Sharma et al
discuss the implementation of
arrays of atomically flat colloidal

semiconductor  nanocrystals and
their relevance in nanophotonic
applications, specifically in the

realization of light-emitting diodes
(LEDs), lasers, and luminescent solar
concentrators. Lietal review the
opportunities recently put forward
in the area of 2-D atomically thin
and layered materials, such as
transition metal dichalcogenides and
semiconductors, in terms of light
emission, optical gain, lasing, and
enhanced Purcell phenomena. Next,
Gaponenko and Guzatov discuss
the use of plasmonic materials to
confine light at the nanoscale and
enable sensors, and light-emitting
and photovoltaic devices. Plasmonics
has been arguably the first material
platform to be explored in the context
of nanophotonics, offering opportuni-
ties for field concentration below the
diffraction limit. The authors discuss
their relevance in terms of enhanced
light-matter interactions and various
photonic  processes and devices
related to Raman scattering, photolu-
minescence and electroluminescence,
photovoltaics, photochemistry, and
photodetectors. Delfanazari et al
discuss the opportunities offered by
layered semiconductors to realize
sources at THz frequencies based
on the stacks of intrinsic Josephson
junctions, highlighting their appli-
cations for spectroscopy, imaging,
and tomography. They discuss com-
pact THz devices with subcentimeter-
sized modules that act as pocket
quantum THz torches. Finally,
Romeira and Fiore generally discuss
the fundamental limits of nanoscale
light sources, such as nano-light-
emitting diodes and nanolasers, based
on different material platforms for
active nanophotonic systems. As their
size shrinks, light-matter interactions
are enhanced in these devices, leading
to efficient and ultrafast radiative
emission. However, the authors point

out that downscaling LEDs and
lasers has also implications on their
speed and energy limits, implying
that nanoLEDs reach a fundamental
energy/speed limit for data rates
exceeding a few gigabits per second,
whereas nanolasers may enable direct
modulation rates larger than 40 Gb/s
at power levels adequate for short-
distance and low-energy optical
interconnects.

II. METAMATERIAL
DEVICES FOR ACTIVE
NANOPHOTONICS

In addition to new material platforms,
active nanophotonics also requires
innovative electromagnetic concepts
to boost light-matter interactions
and confine light below the dif-
fraction limit with large efficiency.
Engineered materials and metama-
terials offer a variety of tools to
address these needs, as discussed
by several authors in this spe-
cial issue. Paniagua-Dominguez et al.
review the use of high-index dielec-
tric nanoantenna arrays to realize
low-loss nanophotonic devices. In
particular, they highlight the oppor-
tunities enabled by this platform to
concentrate on the fields in semi-
conductor nanostructures to enhance
nonlinearities and enable light emis-
sion and lasing, as well as tun-
able responses. Huang et al. also
discuss tunable and reconfigurable
metasurfaces based on semiconduc-
tors nanoparticles, highlighting their
potential impact in interface-based
nanophotonics, quantum optics, and
surface engineering, fully compatible
with modern semiconductor foundry
processes.

In their article, Kolkowski and
Koenderink generally discuss the
physics of arrays of scatterers for
active nanophotonic applications,
including light-emitting metasurfaces
with tailored emission properties
and light-shaping functionalities.
They highlight particularly inter-
esting phenomena when they
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consider balanced combinations of
gain and loss in these arrays,
satisfying the condition of parity-
time (PT) symmetry, including the
emergence of exceptional points and
nontrivial topologies of the associated
photonic bands. Yoshida et al. discuss
their experimental studies of light-
emitting arrays of nanostructures to
implement photonic-crystal surface-
emitting lasers supporting large-area
coherent lasing. They show reconfigu-
ration of the lasing mode as a function
of the current injection, reporting a
transition from single-mode lasing
to two-mode lasing at high injection
currents. Hayenga et al. also discuss
the impact of PT symmetry in active
nanophotonics, reporting the design
and implementation of nanoscale
electrically pumped lasers based
on microring resonators offering
exceptional properties in terms of
low threshold, high efficiency, and
large-side-mode suppression ratio.
These metrics of performance enable
large-scale integrability, low-energy
consumption, and stable output
power, ideal for active nanophotonic
applications. Finally, Blanco Redondo
provides an overview of the field of
topological photonics, based on the
recent surge of interest in applying
topological concepts to design new
photonic devices with unusually
robust performance to disorder and
imperfections. The author focuses,
in particular, on the implications
of these findings for quantum
photonic networks and systems, for
which topologically robust transport
holds important opportunities to
enable scalable quantum information
systems.

Overall, we believe that this special
issue provides a relevant and timely
snapshot of the recent efforts in the
field of active nanophotonics, open-
ing exciting research and develop-
ment directions in the framework of
low-energy ultrafast data manipula-
tion, processing, and computing using
light. [ ]
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