
����������
�������

Citation: Ferrara, M.A.; Dardano, P.

Special Issue on Recent Advances

and Future Trends in Nanophotonics.

Appl. Sci. 2022, 12, 663. https://

doi.org/10.3390/app12020663

Received: 5 January 2022

Accepted: 6 January 2022

Published: 11 January 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Editorial

Special Issue on Recent Advances and Future Trends
in Nanophotonics
Maria Antonietta Ferrara * and Principia Dardano *

National Research Council (CNR), Institute of Applied Sciences and Intelligent Systems, Via Pietro Castellino 111,
80131 Naples, Italy
* Correspondence: antonella.ferrara@na.isasi.cnr.it (M.A.F.); principia.dardano@na.isasi.cnr.it (P.D.)

1. Introduction

Nanophotonics is an emerging multidisciplinary frontier of science and engineering.
Its high potential in contributing to the development of many areas of technology makes
nanophotonics a focus of interest for many researchers from different fields.

In light of the above, the present Special Issue of Applied Sciences on “Recent Advances
and Future Trends in Nanophotonics” gives an overview of the latest developments in
nanophotonics and its roles in different application domains. Eleven papers were submitted
to this Special Issue, and nine papers were accepted (i.e., an 82% acceptance rate). The
presented papers explore innovative trends of nanophotonic science and technology that
enable technological breakthroughs in high-impact areas and cover several topics, mainly
regarding diffraction elements, detection, imaging, spectroscopy, optical communications
and computing.

2. Diffraction Elements

Diffractive Optical Elements (DOEs) have been expanding for many years and are a
stimulant technology that allow for the redirection of redirect light using diffraction rather
than refraction. When a photonic structure is realized via holography, we refer to this as
Holographic Optical Elements (HOEs), i.e., elements recorded by a specific interference
pattern in a photosensitive optical material. Volume HOEs show very high diffraction
efficiency in single-order diffraction; however, angular wavelength selectivity and high dis-
persion still are considerable challenges. In order to achieve a highly efficient HOE with low
dispersion, Keshri and co-workers [1] explored a fabrication method regarding a DOE with
two separate target wavelengths. Two independently sensitized layers of photopolymer
were stacked and used at two different wavelengths in sequential holographic recording.
The diffraction peaks of the recorded photonic structures were investigated and compared
with those of the designed structures, and then, they were theoretically predicted. The
device, illuminated with an expanded divergent beam at both target wavelengths and with
white light, showed a strong diffracted beam. This approach could be optimized and useful
for potential applications in the fields of illumination, solar collection and displays.

A diffraction grating structure was numerically simulated in the paper authored by Li
and coworkers [2], where a guided-mode resonance system with a double-bar dielectric
grating was exploited to achieve a multispectral electromagnetically induced transparency
(EIT) effect. In this case, the resonance wavelengths of the two EIT peaks could be modified
by changing the corresponding structural parameters and could be exploited for dual mode
sensor, dual channel slow light, etc. When optimized, two EIT peaks showed ultra-high Q
factors of 35,104 and 24,423. Moreover, the dual-mode refractive index sensor based on this
system reached figures of merit (FOMs) of 571.88 and 587.42.
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3. Detection, Imaging and Spectroscopy

The manipulation of light and light-matter interactions have been largely investigated
for applications in the fields of detection, imaging and spectroscopy.

In the paper published by Demirer and co-workers [3], the Magneto-Optic Kerr Effect
in the guided mode of an unbalanced Mach Zehnder Interferometer (MZI) was designed
and simulated to optically detect the magnetization direction of ultra-thin (~12 nm) metal
cladding. In fact, the device was an unbalanced MZI based on InP membrane on silicon. The
MZI arms were made up of a polarization converter from one side and ferromagnetic thin-
film cladding and a delay line from the other side. The device read a nanoscale memory bit
(400 nm × 50 nm × 12 nm) with a signal-to-noise ratio ∼10 dB and tolerated performance
reductions that arose during the fabrication. While this hybrid device based on ultra-thin
metal membrane on silicon was demonstrated to be an all-optical magnetic memory read-
ing tool, hybrid devices with an ultra-thin conductive layer jointed with semiconductors
were presented by Crisci and co-authors [4], such as all-optical Schottky photodetectors
that operated at room temperature. In particular, in [4], two Schottky photodetectors
based on graphene/n-silicon (Si) and graphene/n-germanium (Ge) Schottky barriers were
theoretically investigated and operated at 1550 nm and at 2000 nm, respectively. The
responsivity/noise equivalent power (NEP) ratio was analysed, and a strong addiction on
the Schottky barrier height of the junction was demonstrated. The authors derived a closed
analytical formula for use in maximizing the responsivity/NEP ratio and theoretically dis-
cussed how the Schottky barrier height is related to the reverse bias applied to the junction.
Moreover, they found that at 1550 nm, the optimized graphene/n-silicon (Si) Schottky
PDs with a reverse bias of 0.66 V showed a responsivity and NEP of 133 mA/W and 500
fW/
√

Hz, respectively. Finally, at 2000 nm, the optimized graphene/n-germanium (Ge)
Schottky PDs showed a responsivity and NEP of 233 mA/W and 31 pW/

√
Hz, respectively.

The detection and imaging of optical signals were investigated and reviewed in
this Special Issue. In particular, two innovative imaging techniques were addressed:
Polarization-sensitive Digital Holographic Imaging (PDHI) [5] and Stimulated Raman
Scattering (SRS) microscopy [6].

Coppola and Ferrara [5] reported a review on the state of the art of PDHI techniques,
focusing on the theoretical principles and important applications. The paper not only
provided an exhaustive review of applications in several fields, from biology to microelec-
tronics and micro-photonics, but also emphasized the merits of this new technique based
on the interference between different polarized optical beams. PSDHI, in fact, simulta-
neously allows the three-dimensional reconstruction and the quantitative evaluation of
the polarization properties of a sample with a resolution on the micrometric scale, a good
acquisition speed and the absence of labels/markers.

Sirleto and co-workers [6] measured the spectral resolution of SRS, i.e., the ability to
distinguish closely lying resonances, and their paper focused on the spectral splitting of
protein and lipid bands in the C-H region, which is of great interest in the field of biochem-
istry. In particular, the paper addressed the interplay among pump and Stokes bandwidth
and the degree of chirp-matching. Moreover, the spectral resolution of femtosecond SRS
microscopy was experimentally investigated.

Spectroscopy systems were further reviewed by Althobaiti and Al-Naib [7] in the field
of instrumentation working at near-infrared NIR frequencies. The authors discussed NIR
spectroscopy systems from the instrumentation point of view with regard to state-of-the-art
approaches and the associated challenges. In particular, the authors provided a summary of
the recent development of continuous-wave, time-domain and frequency-domain NIR sys-
tems and presented an outlook into the future of the design and development of functional
near-infrared spectroscopy systems for various medical applications.

4. Optical Communications and Computing

Nonlinear waveguides can play a key role in optical communication applications,
in particular in the 2 µm wavelength band, where interest in mitigating the ‘capacity
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crunch’ is growing. In this context, Tu and co-authors [8] fabricated and characterized
silicon-rich nitride (SRN) ridge waveguides with different widths and rib heights. The
structures showed a loss of ~2 dB/cm, and the SRN nonlinear refractive index was shown
to be ~1.13 × 10−18 m2/W around the wavelength 1950 nm. By optimizing parameters to
improve nonlinear performances for the 2 µm band, a maximal nonlinear figure of merit
(i.e., the ratio of nonlinearity to loss) of 0.0804 W−1 or a super-broad FWM bandwidth of
518 nm were found. These results pave the way for high-performance on-chip nonlinear
waveguides for use in optical communications in the 2 µm wavelength band.

Finally, the review proposed by Cheng and co-authors [9] underlined how the recent
development of nanofabrication technologies for the generation, processing and detection
of optical signals have paved the way in the field of new analog optical computing. Par-
ticular attention was given to metamaterials or metasurfaces, which offer unprecedented
opportunities to arbitrarily manipulate light waves at the subwavelength scale, leading to
an acceleration of the progress of wave-based spatial analog computing. Furthermore, the
authors discussed challenges and future opportunities in high-efficiency signal processing
by exploiting quantum behaviors.
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