OPTIC FIBER CABLE: A STUPENDOUS GUIDED TELECOMMUNICATION
CHANNEL
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Abstract: In the rapidly advancing landscape of telecommunications, the optic fiber cable has emerged as a pivotal
technology, revolutionizing the way data is transmitted over vast distances. However, there is need to offer
insights into the future trajectory of this stupendous guided telecommunication channel. Therefore, this
study explores the multifaceted aspects of optic fiber cables, delving into their design, functionality, and
the unprecedented advantages they offer as a guided telecommunication channel. The paper also reviews
the underlying principles of light propagation within these cables, highlighting the superior data transfer
rates, low latency, and immense bandwidth capabilities that characterize optic fiber communication. The
article further investigates the evolution of optic fiber technology, from its inception to the present,
examining key breakthroughs that have propelled its widespread adoption. Notably, the discussion
encompasses the deployment of optic fiber cables in various telecommunication networks, including long-
haul, metropolitan, and last-mile connections. Additionally, the paper explores the role of optic fiber in
enabling emerging technologies such as 5G, the Internet of Things (1oT), and cloud computing, elucidating
how these innovations are reshaping the telecommunication landscape. As the demand for high-speed and
reliable communication continues to escalate, the optic fiber cable stands out as an indispensable and

unparalleled solution for powering the connected world of tomorrow.
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Introduction

A telecommunication channel is a physical system that
transfers information from one place to another (Chinh and
Nguyen, 2021). It can be a twisted pair cable, a coaxial
cable, an optical fiber, or any medium such as air or
vacuum that allows the transmission of signals (Lloyd,
2003). Telecommunication systems use channels to
transmit information, either as electrical signals or
electromagnetic waves (Ibrahimov et al., 2023). Channels
exist between transmitters and receivers. Transmission and
reception of signals often involve the use of statistics,
particularly in signal detection and estimation, which are
essential for extracting information from the signals
(Morelli and Sanguinetti, 2005). In some cases,
telecommunication channels can be enhanced by
introducing nonlinear couplings between nodes, increasing
their communication capacity (Sanjaroon et al., 2020).
Additionally, telecommunication systems may utilize
multiple channels operating at different frequencies and
with different aerials to ensure the reliable transmission of
vital information.

Guided telecommunication channels are designed to guide
and transmit signals through specific structures, while
unguided telecommunication channels rely on the
propagation of electromagnetic waves through free space.
Optic Fiber Cable (OFC) is a guided channel (Yang and
Jiao, 2008; He et al., 2015; Maruti et al., 2019; Ouyang et
al., 2019).

Fundamentals of Fiber Optics
Fiber optics is a technology that derives its name from thin
strands of glass or plastic, known as optical fibers, and
used in transmitting information in the form of light pulses.
It is widely used in telecommunications, internet
communications, and networking due to its ability to
transmit data over long distances with high bandwidth with
minimal signal loss, immunity to electromagnetic
interference, high electrical resistance, low weight,
without crosstalk in situations where optical fiber cables
are run alongside one another over long distances (Bin,
2023). The continuous development in optics fiber has led
to improved performance, making it a vital component in
modern communication networks. Understanding its
fundamental concepts is therefore crucial for anyone
working with or studying fiber optics technology. Here are
some key concepts and components related to fiber optics:
Main Components
Optic fiber essentially contains the core, cladding and a
coating of plastic jacket. The core is the central part of
the optical fiber through which light travels. It is made of
glass or plastic and is designed to carry the light signal.
The cladding is the layer surrounding the core. It has a
slightly lower refractive index than the core. This helps
in containing the light within the core through total
internal reflection. The plastic coating provides the
mechanical strength to the fiber. Optic fibers can be
fabricated by using some other materials such as
chalcogenide, plastic, and composites, with different
composite materials in core and cladding.
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Figure 1: The cross-section view of an optical fiber
(Marsha et al., 2020)

Light Propagation
Light propagation through optic fiber is by a
phenomenon called total internal reflection. When
light encounters the boundary between the core and
cladding at a shallow angle, it reflects back into the
core rather than being refracted out. Total internal
reflection allows light to propagate through the fiber.

Modes
There are two modes in optic fiber technology. They
are Single-mode Fiber (SMF) and Multimode Fiber
(MMF). SMF allows only one mode of light to travel
through the core. It is used for long-distance
communication because of its low signal attenuation.
(MMF)permits multiple modes of light to travel
through the core. It is suitable for shorter-distance
communication and is often used in local area
networks (LANS).

Light Sources
Light sources used are either Light Emitting Diodes
(LEDs) or Laser diodes. LEDs are used short distance
communication while laser diodes are used for long
distance communication. Laser light is coherent and
allows for higher dater rates and long distance while
LEDs emit incoherent light.
A fiber laser works by reflecting the light through an
optical cavity so that a stream of photons stimulates
atoms that store and release light energy at different
wavelengths. There are two different states for an
atom as ground and excited states. The ground state
has the lowest energy and it is the most stable state.
In a laser, the atoms are excited in the laser cavity so
that more of them can be found in the higher energy
levels. When an excited electron drops back into a
lower energy level, a photon of particular wavelength
releases and stimulates other electrons to emit more
photons which are in phase (Melton et al., 2018).

Connectors
Commonly used connectors are SC (Subscriber
Connector), ST (Straight Tip), LC (Lucent
Connector), MTP/MPO (Multiple-Fiber Push-
On/Pull-off): These are types of connectors used to
join optical fibers. They ensure proper alignment for
efficient light transmission. To wuse fiber for
transmission, there is need to use a switch with either
built-in ports that support a particular optical
standard, or with modular ports that allow for
changing the protocol standard used on the port.

Splices
There are two splices involved. Mechanical Splice
aligns and holds two fiber ends together mechanically
while Fusion Splice melts and fuses two fiber ends
together using an electric arc. The choice of splice
largely depends on the allowable error margin that
can be tolerated in the course of transmission.
Optical Transmitter and Receiver
Transmitter converts electrical signals into optical
signals for transmission while receiver converts
incoming optical signals back into electrical signals.
Wavelengths and Windows
Wavelength Division Multiplexing (WDM) utilizes
different wavelengths of light to transmit multiple
signals simultaneously over the same fiber. C, L, and
S Bands are specific wavelength ranges used in fiber
optics.
Attenuation and Dispersion
Attenuation refers to reduction in signal strength as it
travels through the fiber. Dispersion is the spreading
of the light pulse over distance, limiting the data
transmission rate.
Optical Amplifiers
These are devices that amplify optical signals without
converting them into electrical signals. Erbium-doped
fiber amplifiers (EDFAs) are common in long-haul
communication.
Fiber Optic Cable Types and Characteristics
Fiber optic cables have different types and characteristics.
One type is a fiber optic crossover cable, which includes
multiple cable units arranged in a crossover distribution
unit (Kaur et al., 2023). Another type is a fiber optic cable
with a multi-layered jacket, consisting of an inner layer
made of a flame-retardant material, an intermediate layer
made of a different flame-retardant material, and an outer
layer made of a non-flame-retardant material with a lower
coefficient of friction. There is also a fiber optic cable with
subunits that include ribbon cables, where the major
dimensions of the ribbon cables overlap each other.
Additionally, there is an optical fiber cable with a micro
module that lies along the longitudinal axis of the cable
and has low smoke zero halogen sheath (Yan et al., 2022).
Architectures and Topologies of Optical Fiber
Communication Systems
Optical fiber communication systems can have very
complex architectures and topologies, but recent advances
in micro and nano fabrication have made design and
control more straightforward. Complex interferometric
circuits have shown that with the right choice of
architectures and circuit topologies, programming,
stabilization, and control can be achieved easily. These
circuits even allow for self-configuration without the need
for calibration or calculation, and they can adapt in real
time to a wide range of problems (Morishima et al., 2021).
Additionally, optical fiber communication architectures
have been developed for various applications, such as
conventional direct-current converter valve control
protection systems and light-triggered converter valves.
These architectures involve components like light
transmitting plates, optical splitters, monitoring units, and
light-receiving plates, and they offer reduced engineering
construction costs and improved reliability (David and
Miller, 2022). Different fiber optic network architectures
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have also been designed to accommodate various
transmission capacities and speeds, with network
configuration flexibility providing connection protection
in case of failures (Pang et al., 2020).

Signal Transmission in Optical Fiber Cables

Signal transmission in optical fiber cables involves the use
of light to carry information over long distances. Optical
fibers are thin, flexible strands of glass or plastic that can
transmit data as pulses of light. Here's a brief overview of
how signal transmission occurs in optical fiber cables. The
process begins with a light source, usually a laser or light-
emitting diode (LED). These devices generate light signals
that represent the data to be transmitted. The generated
light signals are modulated to encode information. This
modulation can be achieved by varying the intensity of the
light, its phase, or its frequency. The modulated light
signals are then sent into the optical fiber through a
transmitter. The transmitter typically includes optics and
electronics to shape and control the light signals before
they enter the fiber.

Once inside the optical fiber, the light signals travel
through the core of the fiber by repeatedly undergoing total
internal reflection. The core of the fiber has a higher
refractive index than the surrounding cladding, which
causes the light to be reflected back into the core. The light
signals travel through the optical fiber, bouncing off the
core-cladding interface, and maintaining their integrity
over long distances. The signal can travel for several
kilometers without significant loss. Over long distances,
the light signal may weaken due to absorption and
scattering. To overcome this, optical amplifiers or
repeaters are used at intervals to amplify the signal without
converting it back into an electrical signal. Erbium-doped
fiber amplifiers (EDFAs) are commonly used for this
purpose. At the receiving end, a detector or photodetector
converts the incoming light signals back into electrical
signals. This process is known as photo-detection. The
electrical signals are then demodulated to retrieve the
original  information. Demodulation reverses the
modulation process applied at the transmitter.

Optic Fiber Cable Advancements: From Single-Mode to
Multimode

Advancements in optical fiber cable technology have led
to the development of ultrahigh fiber count, high density,
and small diameter cables, such as a 6912-fiber-count
cable (2022). These high-density cables allow for the
installation of massive data capacity while saving space in
underground ducts. To support the deployment of
ultrahigh fiber count cables, various enabling technologies
have been developed, including fiber identification,
connectors, mass fusion splicing, and storage systems for
fusion splicing points (Preeti et al., 2021). Fiber optic
technology offers high data rates, significant distance
transmission capacity, and immunity to interference,
making it superior to metal wire (Marsha et al., 2020). In
the field of undersea transmission systems, advanced
fibers with ultra-low loss, bend insensitivity, and
compactness have enabled significantly higher capacities
in existing cable designs (Ming-Jun and Li., 2020).
Corning's low loss optical fiber has revolutionized the
telecommunications industry, and ongoing developments
in optical fibers continue to shape the industry (Xiang and
Zuging, 2018). The advancements in optical

communications have also led to progress in optical
wireless communications and the integration of software-
defined networking in optical communications networks.
Optic Fiber's Role in 5g And Beyond

Optical fiber plays a crucial role in the development of 5G
and beyond. It offers high speed and reliable connectivity,
making it an ideal solution for the demands of the industry.
Optical fiber has the ability to transmit data without any
limitations in terms of distance or data volume, making it
a global solution for future technologies. It is robust and
resistant to external factors such as temperature and
electromagnetic fields, resulting in minimal signal
distortion. Telecom service providers require a dependable
infrastructure with strong bandwidth and speed, which
optical fiber provides. Furthermore, optical fiber has
applications in various sectors where the internet is used.
It has been instrumental in the growth of worldwide
communications and is vital for the increasing use of the
Internet

Optical Fiber in Data Centers and Cloud Computing
Optical fiber communication has revolutionized data
transfer in data center networks and cloud computing. It
provides enormous bandwidth and is essential for high-
capacity and scalable infrastructure. Wavelength Division
Multiplexing (WDM) is a technique that utilizes the huge
bandwidth of optical fiber by using distinct sets of
wavelengths to carry data. Wavelength converters are
required for WDM, and both Limited Range Wavelength
Converters (LRWC) and Full Range Wavelength
Converters (FRWC) are considered. Buffering of
contending packets is also necessary to reduce blocking
under higher loading conditions. Spatial Division
Multiplexing (SDM) based on multicore or multimode
fibers is recognized as a promising technology for optical
data center networks, increasing spatial efficiency and
capacity. Optical interconnect architectures with reduced
latency, increased flexibility, lower cost, and lower power
consumption are also being explored. Optical switches are
being proposed as a more power-efficient alternative to
electrical switches in data centers. (Rahul et al., 2020) and
(Luetal., 2020).

Security and Encryption in Optical Fiber Networks
Optical fiber networks require security and encryption
measures to protect against eavesdropping and
unauthorized access. One approach is the use of physical-
layer encryption schemes, such as the proposed scheme for
sparse code multiple access filter bank multi-carrier
(SCMA-FBMC) in weakly coupled four-mode fiber. This
scheme employs Logistic mapping parameters as a public
key for frequency masking and the 6D Duffing Lu model
as a private key for optical network units (ONUs). Another
encryption scheme is proposed for floating probabilistic
shaping orthogonal frequency division multiplexing
passive optical networks (FPS-OFDM-PON) using chaotic
sequences and bubble sort encryption. Twin-field quantum
key distribution (TF-QKD) protocols are also explored for
secure transmission, with the Coherent-based Two Field
QKD (CTF-QKD) variant showing promise. These
approaches provide insights into the requirements for
ensuring security in optical communication systems
(Alexander et al., 2023; Okandeji et al., 2023).
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Conclusion

Optic fiber has become the backbone of modern
telecommunications therefore revolutionized the sector,
with enabling wide range of applications and services that
reshape means of communicating, delivery of works and
services and interaction in the digital age. Its unequal
advantages such as long-distance ability, immunity against
interference even electromagnetic waves, reliable security
feature and high rate of data transfer make it a better choice
for modern communication networks. Its continuous
evolution and integration with emerging technologies
ensure that the possibilities in telecommunications
engineering are indeed endless.
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