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Abstract. The study was motivated by the need to develop high-speed infocommunication systems in connection
with the growth of digital traffic volumes and the limitations of conventional electronic switching, which created
the need to analyse optical switching technologies, nanophotonic structures and methods for manufacturing
photonic components. The aim of the study was to systematically analyse optical switching technologies and
nanophotonic components, evaluate their properties, advantages and disadvantages, and determine their possible
applicatioxhing speed, implementation technology and level of integration. The analysis indicated that the
development of infocommunication systems had driven a transition from electronic to optical switching, which
could reduce switching latency to 1 ps-10 ns, increase single-channel capacity to 400 Gbit/s-1.6 Tbit/s or higher,and
reduce energy consumption to 0.5-5 pl/bit. Hybrid photonic-electronic architectures were particularly promising,
with the photonic domain used for high-speed data transmission and the electronic domain for control and
routing. Wavelength-division multiplexing technologies enabled transport networks to scale to tens and hundreds
of terabits per second, while the development of all-optical networks remained constrained by the need for 3R
signal regeneration and the complexity of routing and wavelength assignment. Nanophotonic and plasmonic
technologies can overcome the diffraction limits of conventional photonics and support nanometre-scale
components; plasmonic waveguides (20-200 nm) provide a substantially higher level of integration than dielectric
waveguides, although they have greater propagation losses. Photonic integrated circuits have reached the highest
technology readiness level (Technology Readiness Level 7-9), whereas plasmonic and terahertz technologies
are predominantly at Technology Readiness Levels 3-6. Researchers, engineers, and telecommunications system
developers may use these findings when designing optical networks and photonic components

Keywords: optical switch; optical networks; nanotechnology; nanoimprinting; molecular beam epitaxy; interaction
between electronic and optical components

INTRODUCTION

The relevance of the study is determined by the need
to develop high-speed infocommunication systems
amid growing volumes of digital traffic and increas-
ing network-capacity requirements. The limitations
of conventional electronic switching, including rising
energy consumption, transmission delays, and scaling
complexity, drive the search for new approaches to
processing information flows. In this context, research

on optical switching technologies, nanophotonic struc-
tures, integrated photonics, and photonic-component
fabrication methods is essential for identifying prom-
ising directions in the development of contemporary
infocommunication networks. Current research on
infocommunication systems increasingly focuses on
faster data processing, improved network energy ef-
ficiency, and the transition to photonic technologies.
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D. Karabanov & D. Chebotaryova (2024) examined con-
temporary approaches to the security and reliability of
information systems and highlighted the importance of
more efficient processing of large data flows in digi-
tal environments. Their results confirmed the need for
high-performance hardware solutions capable of rapid
information transmission and stable operation of net-
work infrastructure. A. Yanko & S. Gorchanenko (2025)
focused on methods for rapid and reliable data process-
ing in computer systems and networks. The researchers
emphasised that growing data volumes require optimi-
sation of data-transmission and processing architec-
tures and the use of technologies that reduce latency
and improve system performance. These arguments are
directly relevant to optical switching, where the tran-
sition from electronic to photonic signal processing is
regarded as a means of overcoming the limitations of
conventional network solutions.

C-Y.Jin & O.Wada (2014) covered a more special-
ised area of optical switching systems and assessed
high-speed optical switches based on photonic crystals.
The researchers showed that photonic-crystal struc-
tures can support compact switching elements with
high switching speeds and low energy requirements.
The study also highlighted technological limitations
associated with the complexity of fabricating these
structures and the need for precise control of nanopho-
tonic-component parameters.

S.J.B. Yoo (2023) analysed emerging trends in pho-
tonic switching and optical-network architectures for
data centres and computing systems. The researcher
showed that growing data traffic requires optical solu-
tions capable of scaling bandwidth without a propor-
tional increase in energy consumption. The research
was devoted to the integration of optical switches in
next generation network architectures, where photonic
technologies are the basis of high performance info-
communication systems. D. Al-Saffar & N.Jihad (2024)
studied the design and implementation of an Optical
Switching Network. The researchers investigated the
construction of optical switches and, in particular, the
effect of the network architecture and the parameters
of the switching element on the efficiency of infor-
mation transmission. Their results confirmed optical
switching can reduce latency and improve network per-
formance over electronic counterparts but control and
scaling mechanisms require further improvement.

F. Li et al. (2025) showed that photonic technolo-
gies could be used to achieve high-speed data trans-
mission with little electronic conversion. They point-
ed out the main challenges as stable optical routing,
signal loss compensation, and reliable operation of
photonic components under demanding operating
conditions. D. Nandi et al. (2022) conducted a system-
atic review on optical switching technologies, their ar-
chitectural solutions, and applications in modern net-
works. The researchers saw a shift from single photonic

components to integrated network platforms, with
switching speed, energy consumption and scalability
as key performance indicators. The study further high-
lighted the fact that the selection of switching tech-
nology is dependent on the network environment re-
quirements as different types of optical switches have
their own limitations in terms of speed, signal loss and
complexity of implementation.

D.M. Marom et al. (2022) examined prospects for
optical switching in future fibre-optic networks using
spectral and spatial degrees of freedom. The research-
ers demonstrated that further increases in optical-sys-
tem capacity depend not only on improvements to
conventional Wavelength Division Multiplexing (WDM)
solutions but also on spatial multiplexing and new ap-
proaches to optical-resource management. K.I. Sato et
al. (2022) analysed the prospects and challenges of
implementing optical switching technologies in in-
tra-data-centre networks. The researchers showed that
photonic switches can reduce energy consumption and
latency compared with conventional electronic solu-
tions, an important requirement for large-scale com-
puting systems. They also identified dynamic traffic
management, high reliability, and integration of optical
components with existing network architecture as the
main challenges. A.Jukan et al. (2026) emphasised that
photonic technologies have the potential to support
high-speed communication in environments with de-
manding bandwidth and transmission-latency require-
ments. The researchers also noted that implementing
such systems requires improvements in optical-chan-
nel stability, adaptive route management, and compen-
sation for changing network conditions.

Previous research focused mainly on individual
aspects of optical switching development, including
photonic-switch architecture, higher network speeds,
photonic crystals, plasmonic structures, and integrat-
ed photonic platforms. However, this body of research
did not comprehensively examine how these stages
of infocommunication-system development are in-
terconnected, from the principles of optical switch-
ing and all-optical networks to nanophotonic com-
ponents and their fabrication methods. The purpose
of the present study was to conduct a comprehensive
analysis of optical switching technologies and nan-
ophotonic solutions relevant to the development of
infocommunication systems, determine their func-
tional characteristics and technological limitations,
and assess their prospects for use in high-speed data-
transmission networks.

MATERIALS AND METHODS

This study is theoretical and analytical. The sourc-
es comprised academic publications, review papers,
conference proceedings, and monographs on optical
switches, all-optical networks, integrated photonics,
plasmonic technologies, and methods for fabricating
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nanoscale elements for infocommunication systems.
The literature search was conducted in the Scopus,
Web of Science, IEEE Xplore, ScienceDirect, and Sprin-
gerLink databases. Publications were included if they:
(1) reported theoretical or experimental research on
optical switching and photonic technologies; (2) de-
scribed the architectures, characteristics, or operating
principles of optical switches; (3) addressed fabrica-
tion technologies for nanoscale photonic and plas-
monic structures; (4) were published in peer-reviewed
academic publications; and (5) provided quantitative
performance indicators for the solutions examined.
Publications that had not undergone peer review, du-
plicate studies, short abstracts without full text, pat-
ents without experimental validation, and sources
lacking descriptions of technical characteristics or im-
plementation methods were excluded. The study cov-
ered publications from 2014 to 2026, enabling analy-
sis of major trends in optical switches, nanophotonic
devices,and promising technologies for manufacturing
infocommunication-system components.

A set of complementary analytical methods was
applied to synthesise research approaches to the de-
velopment of optical switches and determine promis-
ing directions for infocommunication-system devices.
Bibliographic analysis was used to identify, select, and
synthesise research on optical switching, all-optical
networks, nanophotonics, and nanoscale-structure
fabrication technologies. This method provided the
theoretical basis of the study and outlined key trends
in the field. Comparative analysis of optical switching
technologies was used to assess mechanical-optical,
electro-optic, optoelectronic, and liquid-crystal switch-
es by operating principle, switching speed, scalability,
energy efficiency, and operational characteristics. Par-
ticular attention was paid to the advantages and limita-
tions of each technology. Systematisation and synthesis
were used to organise data on optical-switch parame-
ters, including switching time, bandwidth, signal loss,
crosstalk, polarisation sensitivity, and scalability. The
analysis focused on relationships between device de-
sign features and functional capabilities and produced
a generalised profile of the main classes of optical
switches. Technological analysis of nanostructure fab-
rication methods assessed the capabilities of optical
lithography, nanoimprinting, scanning probe micros-
copy, molecular beam epitaxy, ion bombardment, and
vacuum deposition. The potential of each technology
was evaluated according to attainable spatial resolu-
tion, process throughput, equipment complexity and
cost, production scalability, compatibility with photonic
integrated-circuit fabrication, and suitability for nan-
ophotonic and plasmonic structures. This comparison
clarified the advantages, limitations, and appropriate
applications of the technologies and highlighted those
with the greatest potential for high-speed, high-density
photonic devices. The combined use of these methods
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provided a comprehensive analysis of optical switching
technologies, nanophotonic components, and manufac-
turing processes and defined promising directions for
infocommunication-system devices. The main types of
optical switches were compared with the help of tech-
nical criteria that define their performance in infocom-
munication systems. The evaluation criteria included
switching time (@ measure of switch speed), insertion
loss (a measure of signal attenuation through the de-
vice), scalability (a measure of the ability to increase the
number of switching ports without significant degrada-
tion of performance) and operational advantages and
technological limitations (such as energy consumption,
polarisation sensitivity, channel isolation, implementa-
tion complexity and suitability for integration into pho-
tonic systems). The comparison was done on aggregate
data from recent academic publications.

We have classified existing solutions for optical
switching by grouping devices by their technical and
functional characteristics. The main criteria were the
principle of operation of the switching element, the pa-
rameters of switching speeds, the technology of imple-
mentation and the level of integration of components.
Thus, the variety of architectural solutions was system-
atised, and their role in the development of infocom-
munication systems was clarified. The classification by
switching principle allowed to classify devices according
to the physical mechanism used to control the optical
signal. Mechanical-optical, electro-optic, optoelectron-
ic and liquid-crystal switches were distinguished. Such
a criterion made it possible to analyse the operating
characteristics of various switching devices, the rela-
tionship between the operating principle and technical
performance. Classification by switching speed classi-
fies devices by signal switching time. The analysis in-
cluded systems operating in the millisecond, microsec-
ond, nanosecond and picosecond switching ranges, and
discussed the applicability of different technologies for
switching, data packet switching and ultrafast optical
information processing. The devices were classified
by component base and materials, by implementation
technology. This category comprises devices based on
waveguide structures, photonic crystals, semiconductor
optical amplifiers, liquid-crystal matrices, plasmonic el-
ements and photonic integrated circuits. Specification
of the technological advantages and limitations of indi-
vidual optical-switching approaches. The degree of in-
tegration was categorised based on the combination of
functional elements into a single device and identified
discrete, hybrid and integrated photonic solutions. This
classification reflected the transition from discrete com-
ponents to sophisticated, integrated photonic platforms
able to perform multiple signal processing functions on
a single chip. Together the criteria formed a coherent
model for classification of devices of the infocommu-
nication system, which allowed to carry out a compar-
ative analysis and to determine the most promising
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directions of technological development. The main
limitation of plasmonic structures is still large ohmic
losses and further development is directed toward new
materials and hybrid architectures.

RESULTS AND DISCUSSION

Development of optical switching in infocommunication
systems. The development of infocommunication sys-
tems has been accompanied by the constant growth of
data transmission volumes, the increase in the complexi-
ty of network services and the tightening of requirements
for transmission latency. New demands on network trans-
port infrastructure have been generated by the growth
of cloud computing, virtualisation technologies, data
centers, artificial intelligence systems and multimedia
streaming services. Under these conditions, the conven-
tional electronic switching systems have reached their
limits, both physically and technologically, in scaling up,
due to increasing energy consumption, heat generation
and delays caused by the repeated conversion between
optical and electrical signals. Backbone fibre-optic links
are almost entirely transmitted in the optical domain,
but routing, switching and data-flow management have
traditionally been performed by electronic devices. This
type of arrangement requires opto-electronic conversion
at network nodes via a cascade of Optical-Electrical-Op-
tical (OEO) conversions. Despite the high functional
flexibility of this approach, each conversion introduced
further delay, increased energy use, and constrained
the maximum information-processing rate. The devel-
opment of optical switching has therefore focused on
transferring as many information-flow processing oper-
ations as possible directly to the optical domain without
intermediate electronic conversion. G. Gayvoronska &
B. Rybalov (2015) reached similar conclusions, showing
that repeated OEO conversion was one of the main fac-
tors constraining further scaling of electronic switching
in ultra-high-capacity networks. The researchers noted
that the transition to photonic switching could reduce
energy consumption and mitigate some limitations as-
sociated with the electronic bottleneck.

Optical switching allows light to serve not only as
a medium for information transmission but also as a
signal that can be controlled directly. This led to a new
approach to transport-network architecture in which
routing, multiplexing, demultiplexing, and channel
switching are performed by varying the parameters of
the optical signal. Wavelength-division multiplexing
technologies are particularly important because they
support simultaneous transmission of many independ-
ent information flows through a single optical fibre.
Combining WDM technologies with high-speed optical
switches can substantially increase network-infrastruc-
ture capacity without requiring further communication
lines. Requirements for optical switching devices differ
across levels of network infrastructure. Channel protec-
tion and network-topology reconfiguration generally
require switching times in the millisecond range, while
switching between alternative routes requires switch-
ing times in the microsecond range. Packet switching
in high-speed transport networks requires switching
times in the nanosecond range. Further increases in
information-transmission rates to hundreds of giga-
bits per second and terabit speeds require switching
elements with picosecond response times. C. Feng
et al. (2020) noted that the combination of WDM and
optical switching was regarded as one of the key pre-
requisites for all-optical data centres and next-gener-
ation networks. S. Okamoto et al. (2020) expressed a
similar view and emphasised the importance of sem-
iconductor optical amplifiers for high-speed switching
in WDM environments.

Growth in traffic volumes has increased the num-
ber of channels and wavelengths that must be served
simultaneously. As network technologies have devel-
oped, scalable switching architectures have become
necessary to support tens, hundreds, or thousands of
independent optical connections. Switch performance
depends not only on the number of ports but also on
insertion loss, crosstalk, polarisation dependence, and
long-term stability. Table 1 presents the main require-
ments for optical switching devices.

Table 1. Main requirements for optical switching devices

Parameter Characteristic
Switching time From milliseconds to picoseconds depending on the application
Bandwidth From tens of Gbit/s to several Tbit/s
Scalability Support for multiport architectures
Signal loss Minimisation of attenuation through the switch
Crosstalk Channel isolation
Polarisation stability Parameter independence from polarisation state
Energy consumption Reduced energy use for switching
Reliability Stable operation over long periods

Source: compiled by the author based on G. Gayvoronska & B. Rybalov (2015), C. Feng et al. (2020), S. Okamoto et al. (2020)

Table 1 shows that the performance of opti-
cal switching devices depends on a combination of
switching speed, signal quality, scalability, and energy

efficiency. Growth in network traffic requires higher
performance without compromising system stabil-
ity. This indicates a shift from improving individual
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components towards comprehensive optimisation of
switching-device architecture. The ongoing develop-
ment of the field is centred on integrated photonics
and nanophotonic technologies that provide a high
bandwidth but are compact and energy efficient. In
terms of technology, the evolution of switching sys-
tems from electronic to optical information processing
was rather slow. Electronic switching enables flexi-
ble routing and advanced trafficc-management mech-
anisms. The performance of such switches is limited
by the speed of electronic components. Data rates are
growing and so is energy consumption for information
processing and heat dissipation. Optical switching,
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in contrast, enables the transmission and switching
of information flows without intermediate electrical
conversion, thus decreasing latency and increasing the
energy efficiency of the network. Similarly, N. Staro-
dubtsev et al. (2023) observed that electronic switch-
ing constraints become more pronounced at higher
data rates, while photonic switching elements hold
more promise for scalability. TJ. Seok et al. (2016) and
X. Chen et al. (2023) have demonstrated that integrat-
ed silicon photonic switches can achieve a large ener-
gy saving for traffic processing compared to conven-
tional electronic solutions. Table 2 Electronic versus
optical switching comparison.

Table 2. Comparison of electronic and optical switching

Criterion

Electronic switching

Optical switching

Processing medium

Electrical signals

Optical signals

Need for optoelectronic conversion

Required at every switching node

Absent or performed only at end nodes

Switching speed 1-100 ns 1 ps-10 ns (depending on technology)
Energy consumption 5-20 pJ/bit 0.5-5 pl/bit
Switching latency 10-100 ns 1 ps-10 ns

Single-channel capacity

Up to 100-400 Gbit/s

400 Gbit/s-1.6 Tbit/s and above

Scalability

Limited by the performance of electronic
processors and interconnects

Supports wavelength-division
multiplexing and high integration density

Control flexibility

High; supports complex routing
algorithms

Requires an electronic control plane or
software-controlled mechanisms

Implementation complexity

Mature industrial technology

Requires photonic integrated circuits and
specialised manufacturing

Source: compiled by the author based on TJ. Seok et al. (2016), X. Chen et al. (2023)

Table 2 lists the basic differences between elec-
tronic and optical switching which influence the design
of infocommunication systems. Optical switching has a
higher capacity to transmit large volumes of data with
less latency and energy consumption, while electron-
ic switching is a mature technology with sophisticated
control mechanisms.V.Sasikala & K. Chitra (2018) came
to similar conclusions, noting that a gradual transfer of
switching functions to the optical domain is necessary
for further increases in the capacity of data centers and
backbone networks. The researchers also stressed that
completely dumping electronic processing is problem-
atic, since it is complex to implement logic operations,
buffering, and traffic management solely by photonic
means. Thus, further development of network infra-
structure assumes a gradual transition to hybrid pho-
tonic-electronic architectures, combining the advantag-
es of both approaches.

Comparative analysis of the main types of optical
switches. The development of optical data-transmis-
sion networks has produced a broad range of switching
devices that differ in operating principles, architectural
features, switching speed, scalability, and implemen-
tation complexity. The choice of optical switch de-
pends on network-capacity requirements, acceptable
data-transmission latency, energy consumption, and
the required level of integration with other elements
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of infocommunication infrastructure. Mechanical-op-
tical, electro-optic, optoelectronic, and liquid-crystal
switching systems have become the most widespread
approaches in photonic networks. Each technology has
a distinct role in optical switching and a specific com-
bination of advantages and limitations.
Mechanical-optical switches were among the ear-
liest technical solutions used to control optical flows
in telecommunications networks. They operate by
physically moving an optical element that redirects
light between input and output ports. Mirrors, prisms,
rotating waveguides, micromechanical reflectors, or
optical focusing systems can serve as switching ele-
ments. Switching occurs by changing the spatial posi-
tion of these elements relative to the optical axis of
the transmitted signal. Mechanical switching provides
a high level of optical isolation between channels and
extremely low signal loss. In many implementations, in-
sertion loss does not exceed 0.5-1 dB, which is among
the lowest insertion-loss values for optical switches.
Mechanical systems are also largely independent of
the wavelength of the transmitted signal, making them
compatible with multichannel WDM systems. Their
main disadvantage is low switching speed caused by
the inertia of moving components. Switching times
typically range from several milliseconds to hundreds
of milliseconds. These characteristics are insufficient
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for packet switching of high-speed traffic and restrict
the use of such devices mainly to network reconfigu-
ration, channel protection, and optical cross-connects.
Mechanical-optical technology nevertheless offers a
high degree of scalability. Microelectromechanical sys-
tems (MEMS) have enabled switching matrices with
hundreds or even thousands of optical ports, allowing
these devices to be used in backbone transport-network
nodes and data centres. Further advances in mechani-
cal switches focus on miniaturising MEMS components,
although fundamental speed limitations prevent them
from serving as a universal solution for high-speed
optical switching. These characteristics are consistent
with the research of K. Biswas & A. Sarkar (2022), who
reported that MEMS technologies enabled large-port
optical cross-connects with low signal loss and high
operational reliability. The researchers also emphasised
that mechanical switching constrained the use of such
devices in packet-switching systems where nanosecond
response times are critical. M. Liu et al. (2022) reached
similar conclusions and identified MEMS switches as
most suitable for backbone transport networks and op-
tical-connection reconfiguration systems.

Electro-optic switches operate by changing the op-
tical properties of a material under an external elec-
tric field. The most common mechanism is the Pockels
electro-optic effect, whereby the refractive index of a
crystal changes in proportion to the applied voltage.
This alters light-wave propagation and redirects the
optical signal between output channels. Such switches
are commonly implemented using directional wave-
guide couplers or Mach-Zehnder interferometers. An
applied control voltage changes the phase difference
between waves propagating through different interfer-
ometer arms, redistributes optical power between the
output ports, and switches the optical signal. One of
the main advantages of electro-optical switches is their
speed. The switching speeds are from several picosec-
onds to tens of picoseconds and can be used in ultrafast
telecommunications systems. No moving parts means
greater reliability and longer service life. But it is hard
to scale electro-optic switches. The complexity of the
waveguide architecture increases with the number of
ports, and at the same time signal losses and fabrica-
tion tolerances of photonic components become more
demanding. Another limitation is the polarisation sen-
sitivity of some electro-optic materials. The promise of
this technology moving forward is tied to progress in
integrated photonics and silicon photonics platforms
that allow high-speed switching circuits to be built on
a single chip.

Optoelectronic switches are in between the con-
ventional electronic and all-optical switching systems.
They consist of active photonic elements, mainly semi-
conductor optical amplifiers, and electronic control cir-
cuitry. Switching is realised due to the change of the
gain or the refractive index of the active medium. A

commonly used architecture is the Mach-Zehnder inter-
ferometer with integrated semiconductor optical am-
plifiers in the interferometer arms. Changes in the pa-
rameters of the amplifier induce the phase shift of the
optical waves and the switching of the output channel.
The main advantage of optoelectronic switches is the
combination of high photonic switching speed and the
functional flexibility of electronic control systems. The
switching time is about one nanosecond on average,
which is much faster than that of mechanical switches.
Their disadvantages are high power consumption, com-
plex thermal management and relatively high cost of
semiconductors optical amplifiers. Noise accumulation
in cascaded structures can degrade the signal quality
of large switching matrices. Optoelectronic switches
are an important step toward the transition from OEO
architectures to all-optical networks as they enable
a large number of control functions to be performed
without a complete conversion of the signal into elec-
trical form. Signal switching in picosecond and sub-na-
nosecond ranges were reported by Z. Ghanaatian et
al. (2025) using Mach-Zehnder interferometers and sil-
icon photonic platforms. L. Laplatine et al. (2022) also
noted that using electro-optic elements on silicon sub-
strates enabled the development of scalable photonic
processors and high-performance switching matrices.
The researchers also highlighted that the number of
switching elements should be increased to decrease
losses and simplify the topology of photonic circuits,
which remains a major technological challenge.
Another area of optical switching is multilay-
er liquid crystal matrices. Their operating principle
is based on the variation of the orientation of liquid
crystal molecules under an electric field. Such molec-
ular reorientation changes the optical properties, e.g.,
the transmission, reflection or refraction of light. Lig-
uid-crystal matrices can implement multiport switch-
ing directly, whereas most other switching technolo-
gies cannot. The required signal route is established
by programmatically controlling many elementary
switching cells. This makes it possible to realise spatial
switching structures with complex topologies without
using a large number of individual optical switch-
es. The main advantage is the possibility of building
very high-capacity switches. The matrix layout results
in a quadratic increase in the number of possible in-
put-output combinations with the number of ports.
Liquid-crystal technologies also consume low energy
and are relatively easy to manufacture. The principal
disadvantages are a relatively low speed, typically in
the range of milliseconds, and the dependence of the
device parameters on the ambient temperature. Anoth-
er limitation is the long-term stability of the properties
of the liquid crystal material. These characteristics are
in agreement with the study of R. Zhang et al. (2023),
who demonstrated that liquid-crystal matrices based
spatial optical switches could support high switching
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connection density, as well as efficient multiport ar-
chitectures. The researchers noted that the electronic
control of many switching cells is amenable to scal-
able optical cross-connects. Similar conclusions were
reached by L. Zhou & S. Liu (2022), who proposed that
liquid-crystal matrices are a promising solution for re-
configurable optical networks due to their combination
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of large switching capacity and low energy consump-
tion. The researchers also emphasised that, relative
to other systems, long switching times and sensitivity
to outside conditions limit use in applications where
response on the order of nanoseconds is critical. The
main types of optical switches are summarised in Ta-
ble 3 for comparison.

Table 3. Comparative characteristics of the main types of optical switches

Switch type | Switching time | Signal loss Scalability Main advantages Main disadvantages
Mechanical- ) ) Up to 1,000x1,000 Low loss, high isolation N
optical 10-500 ms 0.2-1dB ports (>60 dB) Low switching speed
o ) ) Up to 32x32 or . oo Polarisation dependence,
Electro-optic 10-100 ps 2-5dB 64x64 ports Ultrahigh switching speed scaling complexity
Flexible control, High energy consumption,
Optoelectronic =1 ns 3-6dB Up to iftssxlzg compatibility with need for optoelectronic
P electronics conversion
Liquid-crystal 1-100 ms 1-3 dB Up to several High port density, low Slow switching,
thousand ports energy consumption temperature sensitivity

Source: compiled by the author based on O.Singh & R. Paulus (2024), A. Sinha et al. (2025)

The comparative analysis shows that none of the
technologies considered simultaneously provides max-
imum switching speed, high scalability, low loss, and
minimum energy consumption. Research has therefore
increasingly focused on hybrid photonic architectures,
plasmonic switching structures, and nanophotonic ele-
ments that combine the advantages of different techno-
logical approaches within a single infocommunication
platform. The comparison confirms that no universal
switching technology can simultaneously provide ul-
trahigh speed, low signal loss, a large number of ports,
and straightforward implementation. Each switch type
serves a distinct functional role in infocommunication
infrastructure. Mechanical-optical solutions are ad-
vantageous in large-port systems with modest switch-
ing-speed requirements; electro-optic devices provide
the fastest switching; optoelectronic switches combine
high speed with integration of active elements; and lig-
uid-crystal matrices offer substantial scaling potential.
0.Singh & R.Paulus (2024) described a similar distribu-
tion of functional advantages and proposed that future
switching systems would combine different technolog-
ical approaches within integrated photonic platforms.

Development of all-optical network technologies.
Growth in information exchange, higher data-transmis-
sion rates, and increasing complexity of telecommu-
nications traffic have contributed to a new approach
to transport-network architecture based on extensive
use of optical technologies throughout information
transmission and switching. Within this approach, the
concept of all-optical networks (AONs) has emerged, in
which information flows are transmitted, routed, multi-
plexed, and switched without intermediate conversion
of the optical signal into electrical form. The principal
aim of these networks is to remove bottlenecks as-
sociated with electronic switching nodes, which are
approaching physical performance limits because of
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semiconductor-component speed constraints, high en-
ergy consumption, and rising heat generation.

The concept of all-optical networks envisaged an
end-to-end photonic environment in which the light
signal remained in optical form from transmitter to
receiver. Unlike conventional optoelectronic networks,
where information underwent repeated optical-to-elec-
trical and electrical-to-optical conversion, AON archi-
tecture was designed around network transparency.
Switching nodes therefore routed and switched opti-
cal flows without decoding the information payload,
which could substantially reduce transmission latency
and improve the use of network resources.Wavelength
Division Multiplexing is a fundamental technology
underlying the development of all-optical networks.
Its introduction enabled a single optical fibre to carry
many independent information flows simultaneously,
with each transmitted on a separate wavelength. Sev-
eral WDM implementations have emerged as the tech-
nology has developed, most notably Coarse Wavelength
Division Multiplexing and Dense Wavelength Division
Multiplexing. Coarse Wavelength Division Multiplexing
uses relatively wide spacing between adjacent chan-
nels, whereas Dense Wavelength Division Multiplexing
supports very dense spectral-channel placement with
spacing of 50, 25, or even 12.5 GHz (Deng et al., 2022).

The use of WDM has greatly increased the informa-
tion capacity of optical communication lines without
requiring further fibres. Each wavelength can effec-
tively be treated as a separate logical data-transmis-
sion channel, supporting high-performance transport
networks with capacities of tens or hundreds of tera-
bits per second. This development led to the concept
of optical paths, under which end-to-end optical chan-
nels are established between network nodes without
intermediate electronic information processing. These
principles of all-optical network architecture are
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consistent with the research of J. Lorincz et al. (2025),
who were among the first to substantiate optical paths
as a basis for photonic transport networks. The re-
searchers showed that WDM could provide end-to-end
optical connections between network nodes without
intermediate electronic traffic processing, substantial-
ly improving use of fibre-optic infrastructure capacity.
L. Tunesi (2025) reached similar conclusions and noted
that the transition to photonic switching enabled trans-
port networks to scale to terabit and petabit rates. The
researcher also stressed that implementing all-optical
networks requires solutions to fundamental problems
involving signal regeneration, optical-channel routing,
and sufficient network controllability. Figure 1 presents
a schematic of an all-optical network.

Transmitter
A4

WDM multiplexer
v

Optical fibre
v

Optical switch
v

WDM demultiplexer
\ 4

Receiver

|
|
|
|
|
|

Figure 1. Schematic of an all-optical network
Source: compiled by the author based on D. Uzunidis et
al. (2022)

Although progress has been made in photonic tech-
nologies, the full implementation of the AON concept
is still a complex scientific and technical challenge. A
big problem is non-universal methods of optical-sig-
nal regeneration. Light travelling down fibre-optic lines
accumulates noise and the signal being transmitted
gradually deteriorates through non-linear distortion,
chromatic dispersion and polarisation-mode disper-
sion. This problem is solved in conventional networks
with electronic regeneration. This restores the ampli-
tude and shape and timing of the signal. All-optical
networks require specialised photonic regenerators ca-
pable of performing equivalent 3R regeneration with-
out conversion to the electronic domain.

Restoring the temporal structure of optical pulses
without conversion to the electronic domain remains
particularly challenging. Although laboratory demon-
strations of all-optical regenerators have produced
promising results, practical deployment is constrained
by design complexity, high cost, and limited scalability.
Signal regeneration therefore remains one of the main
barriers to widespread deployment of all-optical net-
works. Routing information flows presents a compara-
ble challenge. Electronic networks can analyse packet
headers and make routing decisions with considerable
functional flexibility, whereas photonic environments

require fundamentally different approaches. Conse-
quently, many logical control functions continue to be
performed by electronic controllers even in networks
with a high degree of optical integration. Wavelength
allocation among information flows creates further dif-
ficulties. Routing and Wavelength Assignment (RWA) is
a complex optimisation problem whose effective solu-
tion requires consideration of network topology, current
load, spectral-resource availability, and characteristics
of the physical transmission medium. In large networks,
the computational complexity of these procedures in-
creases substantially, requiring specialised optimisa-
tion algorithms and artificial-intelligence techniques.
These limitations are consistent with the conclusions
of M. Matuszewski et al. (2024), who identified optical
regeneration as one of the main factors affecting the
scalability of photonic transport systems. The research-
ers showed that optical amplifiers could compensate
for signal-power loss but did not fully restore timing
and structural information, so more sophisticated re-
generation mechanisms remained necessary. A. Ma-
jumdar & I. Toselli (2024) similarly confirmed that the
development of transparent optical networks depends
substantially on improved 3R-regeneration technol-
ogies capable of operating without conversion of the
signal into electrical form.

Further development of all-optical network tech-
nologies is increasingly linked to advances in inte-
grated photonics, silicon photonics, nanophotonic
structures, and plasmonics. Photonic integrated cir-
cuits have substantially reduced the size of switching
nodes and increased the level of functional integra-
tion. Research has also explored nanoscale plasmonic
waveguides, photonic crystals, and metasurfaces for
ultrafast switching without conventional electronic
components. Spatial Division Multiplexing (SDM) is
another promising direction and complements WDM
through multicore and multimode optical fibres. Com-
bining SDM and WDM creates the potential to increase
network-infrastructure capacity to petabit levels. The
development of machine learning also offers oppor-
tunities for automated photonic-network resource
management and routing optimisation under dynamic
loads. M. Daryalal & M. Bodur (2022) examined opti-
cal-flow routing in detail and identified RWA as one of
the key mechanisms for resource management in WDM
networks. The researchers noted that the performance
of photonic infrastructure depended not only on the
physical parameters of channels but also on the ability
of control algorithms to adapt wavelength allocation
to changing network loads. This approach was devel-
oped further in research on intelligent optical-network
management, in which machine-learning methods
were used to predict load, optimise routes, and reduce
the probability of optical-connection blocking. Over-
all, the analysis indicates that end-to-end photonic
transmission has become one of the key directions in
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the evolution of infocommunication systems. Despite
several technological constraints, advances in photon-
ic integration, nanophotonics, and optical switching
support a gradual transition towards network archi-
tectures in which most information-processing and
transmission operations are performed directly in the
optical domain.

Nanophotonic and plasmonic technologies in in-
focommunication system devices. Further increases in
the speed and functional density of infocommunication
systems require overcoming fundamental limitations of
conventional photonics. Despite substantial progress
in fibre-optic technologies and integrated photonics,
the dimensions of most optical components remain
constrained by the diffraction limit of electromagnet-
ic-wave propagation. Consequently, miniaturisation of
optical devices has progressed more slowly than de-
velopments in microelectronics. Nanophotonics and
plasmonics address this problem by combining prin-
ciples of quantum physics, electrodynamics, materials
science, and nanotechnology to create functional el-
ements with characteristic dimensions ranging from
several to hundreds of nanometres. Nanophotonic
technologies exploit physical phenomena that arise
at interfaces between materials with different electro-
magnetic properties. Unlike conventional optical sys-
tems, where light propagates predominantly through
dielectric media, nanophotonic structures localise the
electromagnetic field within extremely small volumes.
This supports mechanisms for controlling light that
are unavailable to conventional photonic components
(Chou Chau, 2025).

Surface plasmon polaritons provide the basis for
many plasmonic technologies. These quasiparticles
arise from the interaction between an electromagnetic
wave and collective oscillations of free electrons at a
metal-dielectric interface. The interaction produces a
bound electromagnetic state whose energy is concen-
trated near the metal surface and decays exponentially
with distance from it. Surface plasmon polaritons can
localise optical energy within volumes substantially
smaller than the radiation wavelength. Such localisa-
tion overcomes the diffraction limits of conventional
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optics and supports ultradense integration of func-
tional elements on photonic chips. Surface plasmon
polaritons can therefore be used to create ultracom-
pact photonic components for modulation, switching,
filtering, and signal multiplexing at scales unattaina-
ble by conventional optical systems. These properties
are consistent with the research of J. Khan et al. (2025),
who showed that plasmonic structures enabled con-
trol of electromagnetic radiation at scales substantial-
ly smaller than the wavelength of light. The research-
ers noted that the main advantage of plasmonics is
its ability to concentrate the optical field near a metal
surface, creating opportunities for ultracompact pho-
tonic-system elements.

Plasmonic waveguides are one important direction
in the development of plasmonics. Unlike conventional
dielectric waveguides, where light propagates within
a high-refractive-index material, plasmonic structures
transmit energy through surface plasmon polaritons.
Their development has enabled optical-signal trans-
mission through structures only several tens of nano-
metres wide. The most common architectures include
metal-dielectric-metal, dielectric-metal-dielectric, slot,
and nanowire waveguides. Strong electromagnet-
ic-field localisation enables extremely high photon-
ic-component integration density. However, plasmonic
waveguides also have substantial ohmic losses caused
by energy absorption in the metal. Research therefore
focuses on new materials and optimised waveguide
geometries that balance field localisation against sig-
nal-propagation distance. V.E. Babicheva (2023) con-
firmed that nanoscale optical-signal channels with
strong electromagnetic-field confinement could be
implemented. The study showed that metal-dielectric
structures could substantially reduce waveguide di-
mensions compared with conventional photonic com-
ponents. The researcher also identified propagation
loss as the principal limiting factor determining the
maximum optical-channel length. Further advances
in plasmonic waveguides therefore focus on low-loss
metals, hybrid dielectric structures, and active media
that compensate for losses. Table 4 compares dielectric
and plasmonic waveguides.

Table 4. Comparison of dielectric and plasmonic waveguides

Characteristic Dielectric waveguide Plasmonic waveguide
Characteristic transverse dimension 0.5-10 pm 20-200 nm
Minimum bend radius 10-100 pm 0.1-5 ym
Electromagnetic-field localisation =0.5-1 A <012
Propagation loss 0.13 dB/cm 100-1,000 dB/cm*
Maximum transmission length cm--m 10-1,000 pm
Level of integration Medium Very high

Source: compiled by the author based on V.E. Babicheva (2023), and A. Sanchez-Ramirez et al. (2024),]). Khan et al. (2025)

Analysis of the two waveguide types shows that
the choice of technological platform depends on the
balance between compactness and signal-transmission
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efficiency. Dielectric waveguides remain the standard
solution for backbone optical systems because of their
low losses, whereas plasmonic structures provide a
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fundamentally greater degree of miniaturisation and
integration. Plasmonic technologies therefore do not
completely replace conventional photonics but offer
a complementary approach to developing nanoscale
switching elements, photonic integrated circuits, and
high-density optical-signal processing systems.

One application of plasmonic structures is nano-
photonic multiplexers designed to combine and sep-
arate signals of different wavelengths in ultracompact
photonic systems. These devices use the resonant prop-
erties of nanostructures to enable selective interaction
with individual spectral components of radiation. Re-
search on nanophotonic multiplexers actively explores
photonic crystals, plasmonic resonators, metasurfaces,
and hybrid photonic-plasmonic structures. Multichan-
nel multiplexers based on surface plasmon polaritons
are of particular interest because they can process sev-
eral independent information flows simultaneously
while retaining extremely small dimensions. Such de-
vices support integrated spectral-multiplexing systems
for ultradense next-generation photonic networks. Na-
nophotonic multiplexers are also regarded as key com-
ponents of future all-optical switching systems.

The development of nanophotonic technologies
led to the concept of photonic integrated circuits. Just
as electronic integrated circuits brought thousands of
transistors together on a single chip, photonic inte-
grated circuits combine waveguides, switches, modu-
lators, multiplexers, photodetectors, and laser sources
within one platform. Silicon photonics enables fabrica-
tion processes compatible with microelectronics man-
ufacturing, reducing photonic-component costs and
increasing integration density. This development has
produced photonic processors, switching matrices, and
high-speed interconnects for data centres. Figure 2 pre-
sents a schematic of an integrated photonic platform.

Modulator

’ Waveguide H H Multiplexer

A4

Photodetector

Figure 2. Schematic of an integrated photonic platform
Source: compiled by the author based on T. Sharma et al. (2024)

Switch

Figure 2 illustrates the transition to a high level
of functional integration, in which the main processes
of optical-signal generation, transmission, switching,
and reception are combined within a single techno-
logical architecture. This approach reduces the num-
ber of intercomponent connections, thereby lowering
aggregate losses and improving system efficiency.
The architecture also reflects the continuing shift of
information-processing operations into the photonic

domain. Fewer intermediate signal conversions im-
prove data-transmission speed and overall network-in-
frastructure performance. Integrated photonics is there-
fore one of the main directions for further development
of infocommunication systems because it combines the
high speed of photonic technologies with the compact-
ness and scalability of semiconductor manufacturing.
Continued growth in information-transmission vol-
umes has brought conventional radio-frequency and op-
tical systems closer to the limits of efficient operation.
This has increased interest in the terahertz frequency
range, which lies between the microwave and infrared
spectral regions. Terahertz technologies support wire-
less data-transmission rates of hundreds of gigabits or
terabits per second. Implementing these systems, how-
ever, requires new radiation sources, receivers, wave-
guide structures,and multiplexers capable of operating
at ultrahigh frequencies. Plasmonic and nanophotonic
components play an important role in terahertz sys-
tems because they support effective localisation and
control of ultrahigh-frequency electromagnetic waves.
Combining terahertz technologies with photonic inte-
gration represents a promising approach to develop-
ing networks with ultrahigh capacity. These observa-
tions are consistent with the findings of A. Shekari et
al.(2025),who identified the terahertz range as a prom-
ising resource for high-speed communication systems
but noted limitations associated with creating efficient
sources and receivers. R. Guo et al. (2022) confirmed
that integrating photonic technologies with terahertz
components could improve signal-generation stability
and extend communication-system capabilities.
Analysis reveals that nanophotonics and plasmon-
ics alter not only the design of individual components,
but also the architectural principles of infocommunica-
tion systems. Miniaturisation of waveguides, switches,
multiplexers and photonic integrated circuits improves
the integration density of functions in network equip-
ment, shortens the internal connections and reduces
the transmission delays. This allows for compact and
high-performance switching nodes that can handle
significantly larger information flows without a pro-
portional increase in energy consumption. Photonic
integration and plasmonic components also affect net-
work control and packet-switching principles. Moving
switching, multiplexing and routing functions straight
to the optical domain decreases the number of inter-
mediate optoelectronic conversions, thus reducing the
packet-processing time and increasing the capacity of
backbone and data-centre networks. This transition
also makes the burden on algorithms for spectral re-
source management, wavelength assignment, optical
path reconfiguration, and photonic integrated circuit
coordination more severe. Further development of na-
nophotonic technologies is aimed at highly integrated,
software-controlled photonic platforms that combine
switching, routing, wavelength-division multiplexing
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and information processing in a single architecture.
This approach increases capacity, energy efficiency,
and scalability, and offers a technological basis for
next-generation infocommunication systems. Thus,
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terahertz systems in combination with nanophotonic
technologies are a promising direction for infocommu-
nication platforms for higher data rates and integration
of photonic and wireless technologies (Table 5).

Table 5. Potential of major technologies for the development of infocommunication systems

Approximate technology

Technology Main advantage Main limitation readiness level
Surface plasmon polaritons | Subwavelength field localisation Ohmic losses 3-5
Plasmonic waveguides Dimensions of 20-200 nm Limited propagation length 3-5
Nanophotonic multiplexers High spectral density Fabrication complexity 4-6
Photonic integrated circuits High level of integration High development cost 7-9

Terahertz systems Rates above 100 Gbit/s

Difficulty of signal generation

and reception 3-6

Source: compiled by the author based on T.M. Christensen (2022), E. Albisetti et al. (2022), Z. Alnakhli et al. (2024), W. Hidayat &

M. Usman (2024) P. Basu et al. (2025), ). Huang et al. (2026)

The comparison shows that the main techno-
logical challenges are shifting from achieving high
speeds towards effective implementation, scaling,
and stable operation of complex photonic structures.
This indicates that the field is moving from proof-
of-concept demonstrations of individual solutions
towards practical integration into network infrastruc-
ture. The development of nanophotonics and plas-
monics therefore provides a technological basis for
the transition from microphotonic to nanophotonic
infocommunication systems. Surface plasmon po-
laritons, plasmonic waveguides, photonic integrated
circuits, and terahertz components support further
increases in switching speed, integration density,
and the functional capabilities of switching devic-
es that can underpin future high-performance data-
transmission networks.

Analysis of technologies for fabricating nanoscale
elements. Miniaturisation of infocommunication-sys-
tem components has become a key factor in improving
switching speed, reducing energy consumption, and
increasing the functional density of photonic devices.
Fabricating optical switches, plasmonic waveguides,
photonic crystals, resonators, multiplexers,and photonic
integrated circuits requires structures with characteris-
tic dimensions ranging from tens of nanometres to only
a few nanometres. The development of nanophotonics
has produced several technological platforms that dif-
fer in the physical principles used to create nanostruc-
tures, attainable resolution, throughput, and economic
efficiency. Each platform has a distinct field of applica-
tion and supports particular stages in the production of
nanophotonic components. Table 6 compares the main
technologies used to fabricate nanoscale structures.

Table 6. Comparative characteristics of technologies for fabricating nanoscale elements

Technology Typisciz;Lsrtar:;teure- Throughput Egrlr‘ligl?:i:; Main applications
Optical lithography 20-100 nm High High Photonic integrated circuits
Nanoimprinting 1-20 nm Very high Medium Mass production of nanostructures
Scanning probe microscopy 0.1-10 nm Low Very high Nanostructuring and research
Molecular beam epitaxy 0.3-1 nm Low Very high Heterostructures and quantum systems
lon bombardment 1-100 nm High High Doping and property modification
Vacuum deposition 1-1,000 nm High Medium Fabrication of functional films

Source: compiled by the author based on E. Albisetti et al. (2022), T.M. Christensen (2022), Z. Alnakhli et al. (2024), W. Hidayat and
M. Usman (2024), P. Basu et al. (2025), M. Unutmaz et al. (2025),). Huang et al. (2026)

Table 6 indicates that none of the available tech-
nologies simultaneously provides maximum structural
precision, high production throughput, and low imple-
mentation cost. The technological process must there-
fore be selected according to the intended function of
the device and its performance requirements. These ap-
proaches are complementary: some methods are used
primarily to create and investigate nanoscale struc-
tures with the highest possible precision, while others
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support large-scale replication in manufacturing. This
specialisation reflects the broader transition from labo-
ratory experimentation to industrial production of nan-
ophotonic components.

Optical lithography has been a fundamental tech-
nology for microelectronic and photonic component
fabrication for a long time. The principle of photoli-
thography is to transfer a pattern from a photomask
onto the surface of a substrate using electromagnetic
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radiation. The photosensitive layer experiences local
physicochemical changes during the exposure of the
photoresist, where the required spatial structure is
obtained by removing the selected areas in the devel-
opment stage. The progress made in projection lithog-
raphy has significantly improved the accuracy of fab-
ricating nanophotonic components. Advanced optical
systems and short-wavelength ultraviolet radiation
enable structures with characteristic dimensions less
than 50 nm. The high throughput of optical lithography
makes it widely used for the fabrication of waveguides,
photonic crystals, microresonators and planar optical
switches. A significant benefit of the approach lies in
the simultaneous pattern formation of a large number
of elements in a large area of a substrate with a high
degree of process repeatability and cost-effectiveness
in mass production. Diffraction effects gradually limit
further size reductions of the structure. Also, the equip-
ment needed to produce photomasks is expensive and
complicated making the cost of the process extremely
high. Optical lithography is used to fabricate optical
waveguide structures, directional couplers, Mach-Zeh-
nder interferometers and other integrated photonic de-
vices in the production of optical switches.According to
R. Gupta et al. (2025), diffraction-related limits neces-
sitated combined technological approaches to further
decrease the dimensions of photonic-components.

Nanoimprinting has emerged as a promising al-
ternative to conventional lithography. Unlike photo-
lithographic processes, the structure is produced by
mechanically transferring the relief pattern of a stamp
onto a polymer coating rather than by exposing a resist
to radiation. During fabrication, a stamp with a nano-
scale relief is pressed into the polymer layer, leaving
an imprint of the required structure on the surface.
Y. Cao et al. (2025) demonstrated the effectiveness of
this method for producing nanoscale structures with
high precision through mechanical pattern transfer.
Compared with optical lithography, nanoimprinting re-
duces dependence on radiation wavelength and there-
fore supports further miniaturisation of photonic com-
ponents. The present analysis indicates, however, that
practical use of nanoimprinting in optical switches de-
pends on stamp stability and accurate pattern replica-
tion. Y. Cao et al. therefore considered the method par-
ticularly promising for plasmonic structures, photonic
crystals, and highly integrated components where the
need for nanoscale features outweighs the complexity
of tooling fabrication.

Scanning probe microscopy is a distinctive technol-
ogy that combines investigation with direct fabrication
of nanostructures. It operates through the interaction
between an ultrasharp probe and the surface of the ma-
terial under examination. Depending on the operating
mode, tunnelling currents, interatomic forces, or other
physical parameters are measured. This enables sur-
face imaging at atomic resolution and precise control

of the geometric parameters of individual nanostruc-
tures. A distinctive capability of the technology is the
manipulation of individual atoms and molecules. Under
ultrahigh-vacuum and cryogenic conditions, the probe
can move atoms across the substrate surface and create
structures with a predetermined configuration.

Molecular beam epitaxy is among the most pre-
cise technologies for fabricating semiconductor het-
erostructures. The process takes place under ultrahigh
vacuum, where atoms or molecules are deposited on
a crystalline substrate in narrowly directed beams. The
growth rate is controlled with atomic-scale precision,
enabling structures with specified doping profiles, layer
thicknesses, and interface characteristics. It is typically
only a few atomic layers per second. This exceptional
precision provides atomically smooth surfaces and very
high structural quality. The main disadvantages are
high equipment costs, the need to maintain ultrahigh
vacuum, and comparatively low throughput. Molecu-
lar beam epitaxy is widely used to produce active re-
gions of semiconductor lasers, optical amplifiers, pho-
todetectors, and integrated electro-optic switches. lon
bombardment is used for the controlled introduction of
dopants into near-surface layers of materials. The tech-
nology accelerates ions to high energies and implants
them into the crystal structure of the substrate. As the
ions penetrate, they change the local composition of
the material, creating regions with different electrical
and optical properties, and providing the desired dop-
ing profile. The advantage is that the dopant concen-
tration and implantation depth can be precisely con-
trolled, enabling the formation of functional regions
with pre-defined properties. A disadvantage is the for-
mation of radiation defects in the crystal lattice. Thus,
annealing is often carried out at high temperature af-
ter implantation. In optical-switch manufacturing, ion
bombardment is employed to create active waveguide
regions, to change refractive index, and to manufacture
photonic integrated structures.

In photonics and microelectronics, vacuum depo-
sition was one of the most common techniques for the
fabrication of thin-film structures.The process involved
vacuum evaporation of the material, followed by atom
deposition on the surface of the substrate. It was able
to produce uniform functional layers with controlled
thicknesses from several angstroms to several micro-
metres and could produce conductive, dielectric or
optical coatings. Its main advantage was that it was
versatile on a large variety of materials including met-
als, oxides, nitrides and multi-component compounds.
The main limitations were the difficulty of maintaining
high uniformity on large areas and the need for hoo-
ver equipment. In optical-switch structures, vacuum
deposition is used to produce metal electrodes, reflec-
tive coatings, plasmonic layers, waveguide structures,
and multilayer photonic elements. The analysis indi-
cates that no single technology provides a universal
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solution for all nanophotonic manufacturing tasks.
Combining lithographic, epitaxial, vacuum, and ion-
beam methods enables the fabrication of complex
multilayer structures required for next-generation
high-speed optical switches, plasmonic components,
and photonic integrated circuits. The study is limited to
the analysis of academic sources and does not include
experimental evaluation of specific optical switches
or nanophotonic devices. A promising direction for fu-
ture research is the integration of nanophotonic, plas-
monic, and terahertz technologies in energy-efficient,
high-speed next-generation networks.

CONCLUSIONS

The analysis of academic sources indicates that rapid
growth in network traffic and the development of cloud
services and data centres have driven the transition
from conventional electronic switching towards op-
tical switching as a key direction in the development
of contemporary infocommunication systems. Optical
switching minimises optoelectronic signal conversions,
reduces switching latency from 10-100 ns to 1 ps-10 ns,
increases single-channel capacity from 100-400 Gbit/s
to 400 Gbit/s-1.6 Tbit/s and above, and reduces energy
consumption from 5-20 to 0.5-5 pl/bit. The choice of
switching technology depends on the application:trans-
port-network reconfiguration requires switching times
of 10-500 ms, network switching requires 1-100 ms or
approximately 1 ns, whereas packet switching requires
picosecond operation (10-100 ps). The findings support
hybrid photonic-electronic architectures in which the
photonic domain provides data transmission and the
electronic domain provides control and routing. Wave-
length-division multiplexing technologies have be-
come fundamental to scaling transport networks. WDM
supports channel spacing of 50, 25, and 12.5 GHz and
enables a single optical fibre to carry tens or hundreds
of terabits of information. However, widespread deploy-
ment of all-optical networks remains constrained by the
need for full 3R signal regeneration and the complexity
of RWA. Combining spectral and spatial multiplexing
creates the potential to reach petabit-level capacity.
Nanophotonic and plasmonic technologies have
helped overcome the diffraction limits of conventional
photonics and support elements ranging from sever-
al to hundreds of nanometres in size. Surface plasmon
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polaritons localise the electromagnetic field to scales
below 0.1 of the wavelengths. Plasmonic waveguides
measure 20-200 nm compared with 0.5-10 um for die-
lectric waveguides, while the minimum bend radius de-
creases from 10-100 um to 0.1-5 um. These reductions
in size are accompanied by propagation losses of 100-
1,000 dB/cm compared with 0.1-3 dB/cm and a reduc-
tion in maximum transmission length to 10-1,000 pym,
which reflects a necessary trade-off between integra-
tion density and signal-transmission efficiency. The de-
velopment of nanophotonic multiplexers and photonic
integrated circuits has created a new level of function-
al integration in infocommunication equipment. The
technology readiness assessment shows that photon-
ic integrated circuits are at TRL 7-9 and nanophotonic
multiplexers are at TRL 4-6, while plasmonic technol-
ogies and terahertz systems are generally at TRL 3-6.
Terahertz systems have already demonstrated potential
transmission rates over 100 Gbit/sec but practical im-
plementation is limited by the difficulty in producing
efficient sources and receivers.

Modern methods of fabrication of nanostructures
cover a range of dimensions from 0.1 nm (scanning
probe microscopy) to 1,000 nm (vacuum deposition).
20-100 nm for optical lithography structures, 1-20 nm
for nanoimprinting, 0.3-1 nm for molecular beam epi-
taxy and 1-100 nm for ion bombardment. No one tech-
nology is universal: high-throughput methods are use-
ful for mass production, but scanning probe microscopy
and molecular beam epitaxy are the highest precision,
lowest throughput. This demonstrates the need to in-
tegrate technological platforms according to the de-
mands of nanophotonic components. Future research
should focus on high efficiency integrated nanophoton-
ic and plasmonic platforms, optimisation of their fabri-
cation technologies and implementation in high-speed
next generation infocommunication systems.
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AHoTauif. AKTyanbHiCTb BU3Ha4YaNacs HeobXiaHICTIO pO3BUTKY BUCOKOLIBUAKICHUX iIHPOKOMYHIKALIMHUX CUCTEM B
YyMOBaXx 3pOCTaHHs 06csrie undposoro Tpadiky Ta 06MexeHb TpaAULiAHOI eNeKTPOHHOT KOMYTalLi, Lo 3yMOB/0BAN0
noTpeby B aHani3i oNTUYHMX KOMYTaLiMHMUX TEXHONOTiN, HAHOPOTOHHUX CTPYKTYpP | METOAIB CTBOPEHHS OTOHHMX
KOMMNOHEHTIB. MeTo Byno 34iMCHUTU CUCTEMHUI aHani3 TEXHONOTIA ONTUYHOI KOMyTaLii Ta HAHODOTOHHMUX
KOMMOHEHTIB, OLLIHIOBAHHS iX XapaKTepUCTHK, NepeBar i 0OMeXeHb, @ TaK0X BU3HAYEHHS MOX/IMBOCTEN BUKOPUCTAHHS
Y CYYaCHMX BUCOKOLIBUAKICHUX iIHDOKOMYHIKaLiMHMX Mepexax. Y AoCNiAKeHHI NpOaHani3oBaHO HayKoBi Axepena i3
BMKOPUCTaHHAM BibniorpadiyHoro, nopiBHANLHOrO, CUCTEMATM3ALIMHOMO Ta TEXHONONYHOrO aHani3y A1 OLiHIBAHHS
ONTUYHMX KOMYTaTOpPiB, HAHODOTOHHWX TEXHONOTIM | METOAIB X BUrOTOBNEHHSA. [TpoBeaeHo Knacudikalito NpucTpois
33 NPUHLMMNOM pobOTH, LUBMAKOIIEI, TEXHOMOTIE peani3alii Ta piBHeM iHTerpauii. BctaHoBneHo, Wo po3BUTOK
iHDOKOMYHiKaLiMHMX CMCTEM 3yMOBMB NepeXxif Bif, eNeKTPOHHOT A0 ONTMYHOT KOMYTaLi, ika 3abe3mneyye CKOpOUYEHHS
3aTpuMKM KoMyTauii 8o 1 nc-10 Hc, nigBuULLEHHS NPONYCKHOI 34aTHOCTI ogHoro kaHany no 400 6it/c - 1,6 T6it/c
i Binblue Ta 3HWXKeHHS eHeprocnoxunBaHHsa Ao 0,5-5 nx/6it. [oka3aHo NepcnekTUBHICTb riGpMAHUX POTOHHO-
ENeKTPOHHUX apXiTeKTYp, Y AKUX POTOHHMIN JOMEH BUKOPUCTOBYETLCS A5 BUCOKOLBMAKICHOT Nepeaayi AaHux, a
€N1eKTPOHHUIA — AN KePYBaHHS M MapLupyTu3aLii. Bu3HaueHo, Lo TeXHONOriT CNeKTPanbHOrO YLLiNbHEHHS 3abe3neyyroTb
MaclTabyBaHHS TPAHCMOPTHUX MEPEX A0 AeCcATKIiB i CoTeHb TepabiT 3a ceKyHAY, TOAI IK PO3BUTOK MOBHICTIO OMTUYHMX
Mepex CTPUMYETbCS HeobxiaHicTio 3R-pereHepalii CMrHany Ta CKAagHicTIo 3a4a4vi MapLpyTM3aLii i NpU3HaveHHs
[OBXMH XBWNb. [loKa3aHo, Lo HaHOMOTOHHI Ta MNa3MOHHI TEXHOMOTIT 03BONSHOTL NOA0NATU AU PaKLiMHI 0BMEXEHHS
KNacuyHOi POTOHIKM, 3a6e3neyyoun CTBOPEHHS KOMMOHEHTIB HAHOMETPOBOIO MaclTaby, a NIa3MOHHI XBUIEBOAM
(20-200 HM) 3Ha4HO NiABMLLYHOTb PiBEHb iHTErPaLLii MOPIBHAHO 3 LieNeKTPUYHUMM, X0Ua XapaKTepU3YTbCsa BinblLmMMm
BTpaTamu nowunpeHHs. BctaHoBneHo, Wo iHTerpanbHi GOTOHHI CXEMM AOCATNM HAUBULLOMO PiBHS TEXHONOriYHOI
rotoBHocTi (Technology Readiness Level 7-9), Tofi 9k nna3MoHHI Ta TeparepuoBi TexHonorii nepebyBatTb NepeBaXHO
Ha piBHsX Technology Readiness Level 3-6. Pe3ynbtaTt MOXYTb BUKOPUCTOBYBATUCS HAYKOBLAIMMU, iIHXXEHEPaMM Ta
pO3p0O6HUKAMU TENEKOMYHIKALiIMHUX CUCTEM MNif Yac MPOEKTYBAHHS ONTUUYHUX Mepex i GOTOHHUX KOMMOHEHTIB

KntouoBi cnoBa: onTMYHUI KOMYTATOP; ONTUYHI MEpeXi; HAHOTEXHONOTIT; HAHOIMNPUHTIHT; MONEKYNSAPHO-MPOMEHEBA
eniTakcisi; B3aEMOAiS eneKTPOHHMUX Ta ONTUYHMX KOMMNOHEHTIB
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