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Chapter

Introductory Chapter: Optical 
Fibers
Roghayeh Imani and Guillermo Huerta Cuellar

1. Optical fibers

The optical fibers invented by Kapany [1], based on the observations that John 
Tyndall made a few years before, have become the object of research, technological 
development, and applications to this day.

The optical fibers have the ability to transport a large amount of information 
between two points (emitter-receiver). Unlike the conductive cables that are com-
monly used for sending information, fiber-optic cables offer the advantage of being 
very light [2]. As for its physical characteristics, an optical fiber is commonly com-
pared to a human hair whose diameter is around 120 μm [3]. In terms of capacity 
for sending information, they can carry up to 20 billion light pulses per second [3]. 
Nowadays, due to the high transmission capacity and low absorption losses in an 
optical fiber, it is possible to send information over distances of more than 100 km 
without the need for repeaters. To carry out the sending of information from one 
point to another by means of a fiber-optic system, three basic elements should be 
considered as mentioned in Figure 1:

• A transmitter, which generates the wave signal to be transmitted, which is 
fed with the information to be sent

• Fiber-optic cable, which corresponds to the medium in which the information 
moves from the sender to the receiver

• Receiving system, which receives the information sent

In order to have mechanical support and total reflection of the light traveling 
in the fiber [4], avoiding absorption, the optical fiber is composed of three main 
elements (Figure 2):

• The core of the fiber, which is the fiber-optic glass where the light to be trans-
mitted moves

• The cladding, which consists of a thin layer of material whose purpose is to 
achieve light reflection in the fiber and prevent it from escaping, based on the 
principle of total internal reflection

• The coating, made of plastic, similar to that used on copper cables, which 
provides protection to the fiber against climatic factors, corrosion, or external 
damage
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Due to their ease of manufacturing, the optical fibers are made of glass and 
plastic; however due to their performance, the optical glass fibers are the most 
used due to the transmission length and their efficiencies. Basically there are 
two types of optical fibers, and they are defined by their ability to transmit 
information, which implies the type of application [4]. Those fiber types are 
mentioned next:

1. Single-mode fibers: they have a smaller diameter than multimode fibers. In 
this type of fibers, the light travels parallel to the axis which creates a small 
dispersion. In these fibers the modes of transmission are many, and therefore 
the distances that these fibers can cover can be more than 50 times those of 
multimodal fibers. These types of fibers are the most used by communications 
 companies.

2. Multimode fibers: they can send different data transmissions simultaneously 
on a single fiber. Its diameter is slightly larger than that of single-mode fibers, 
and it can be 50 and 62.5 μm, which allows light to enter at different angles.

Figure 3 shows a graphic comparison of the expected behavior in the two types 
of the mentioned fibers; the way of sending information between the fibers can be 
noted.

When the copper transmission capacity comparison is made, which allows a 
few million pulses per second, versus more than 20 million pulses that can be sent 
in an optical fiber, it is possible to appreciate the great efficiency advantage. It is 
understandable that communications companies can work with large amounts of 
information that would be limited with the use of conductive cables. Therefore, the 
great increase in the transmission of information that we can see on the Internet and 
the Word Wide Web has been achieved [5].

Figure 2. 
Principal elements of an optical fiber.

Figure 1. 
Basic schema of an optical communication system.
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2. Optical fiber transmission

From the invention of optical fibers to the present day, research and techno-
logical development on optical fibers has been carried out [6]. The use of semi-
conductor devices coupled to fiber-optics in technological development for the 
transmission of information has evolved over time since 1980. Five generations of 
technological development have been implemented where fiber-optic technology 
coupled to semiconductor materials has increased the amount of information as 
well as the distance between repeaters (Table 1).

Figure 3. 
Simple graphical comparison between single-mode and multimode optical fibers.

Generation Type Year Bit rate Repeater 

spacing

Operating 

wavelength

First Graded-index fibers 1980 45 Mb/s 10 km 0.8 μm

Second Single-mode fibers 1985 100 Mb/s to 

1.7 Gb/s

50 km 1.3 μm

Third Single-mode lasers 1990 10 Gb/s 100 km 1.55 μm

Fourth Optical amplifiers 1996 10 Tb/s >10,000 1.45–1.62 μm

Fifth Raman amplification 2002 40–160 Gb/s 24,000–

35,000 km

1.53–1.57 μm

Table 1. 
Evolution of different generations of light wave systems.

Figure 4. 
Increase in the BL product from 1975 to 2000 through four generations of light wave systems. Different symbols 
are used for successive generations [4].
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Figure 4 shows the evolution of the first four generations of optical fiber 
coupled with laser devices as an emission source. Two mechanisms can be 
mentioned about the fourth generation to amplify the information that reaches 
a system; these are the rare earth-doped amplifiers and semiconductor ampli-
fiers [7, 8]. Additionally as mentioned in the fifth generation, there are Raman 
amplifiers [9].

Among the amplifiers doped with rare earths, those made with fiber-optic 
doped with erbium and doped with ytterbium can be mentioned [10–12]. The opti-
cal fibers doped with erbium are the most used for the construction of this type of 
amplifiers, among other sensors and other applications [13–16]. The above due to its 
low cost compared to the ytterbium and because its amplification window coincides 
with the third transmission window of silica-based optical fibers [17].

3. Optical fiber applications

Regarding the advantages of optical fibers for the transmission of informa-
tion and their multiple applications over existing methods such as those based on 
conductors such as copper, the following can be mentioned:

1. Perhaps the most outstanding feature of optical fibers is that they are capable 
of transmitting at the speed of light, which greatly increases the ability to send 
information.

2. Optical fibers are not affected by electrical signals that distort information, as 
is the case with conductive cables.

3. Due to the absence of intermittency due to electromagnetic fields, a fiber-optic 
cable cannot be detected remotely since it can only be accessed by entering the 
fiber. This is very attractive as a security measure for the government, banks, 
and other companies that need to protect their information.

4. Unlike metallic conductors, optical fibers are not capable of producing sparks 
with the information they carry; therefore, there is no risk of fire due to such 
events.

5. The signal absorption in the optical fiber is much lower than in a copper cable, 
in addition to the fact that cladding allows a very efficient internal reflection. 
With this, in applications where information is transmitted over several chan-
nels, there is no possibility of mixing data between fibers as can occur in cable 
communications.

6. The cost of installing several kilometers of fiber-optic is cheaper than the 
installation of copper cables. In this way, communication services such as the 
Internet are cheaper because with low-power intensity, information can be 
transmitted over long distances.

7. The bandwidth that can be had, as well as the data capacity of an optical fiber, 
allows to have a lot of information in a very thin cable. This is the reason for the 
continuous research and technological innovation for its increase.

8. Fiber-optic cable installations are less expensive than copper or coaxial cable 
installations, as well as the installation equipment.
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9. It is well known that the distances for transmission through the use of optical 
fiber are very long, more than 100 km without active or passive elements inter-
vening, in addition to the obtained low attenuation.

Additionally, some disadvantages could have been found; perhaps one of the 
main ones is that optoelectronic devices that can be connected are expensive.

Comparing the emitting and receiving devices of electrical systems against those 
used with fiber-optic technology, this difference can be understood. That is why 
some companies still use electrical devices.

Considering the advantages, simplicity of manufacturing, as well as its versatil-
ity and growth in popularity, multiple technological applications and practical uses 
for optical fibers have been developed.

Some of the optical fiber applications which are not sensitive to electrical or 
magnetic interference make them highly recommended for military applications 
[18–20]. In addition there are different applications in industrial areas, such as 
sensing an ambient temperature, pressure, and gases or even wiring of automotive 
systems [21–24].

In the area of medicine, optical fibers are the modifications for laser surgery, 
such as light guides and tools for the transmission of images [25–28]. In the area of 
sciences, fiber-optic applications are very useful [21, 25]. In the manipulation of par-
ticles by means of optical tweezers, the optical fibers provide a great advantage [29].

In the subject of communications, the use of optical amplifiers has been out-
standing over other applications. These optical amplifiers have been developed by 
manufacturing doped optical fibers with rare earth ions to have light amplification 
by stimulated emission [4, 30, 31]. Table 2 shows some of the most common dop-
ants, as well as the glass used as the host for their application.

In addition, systems with nonlinear behavior have been found. Among the 
results observed with the said nonlinear behavior in fiber doped with erbium (Er3+), 
there are behaviors with multistability, phenomenological dynamics, different sen-
sors, and masking in communications, among others [14, 16, 23, 33–35].

As mentioned above, to improve all the possible applications in a fiber-optic 
system, the process of integration with optoelectronic devices is necessary.

This book offers a comprehensive review about the design, manufacturing, and 
performance obtained from the integration of fiber-optics with optoelectronic 
devices. In particular, it analyzes some of the advances in light-emitting diodes 
(LEDs), lasers, photodetectors, as well as applications in communication systems, 
sensors, interferometric, and holographic methods, which with the use of optical 
fiber strengthens the capacity and applications.

Dopant Common host glasses Important emission wavelengths

Erbium (Er3+) Silicate and phosphate glasses, 

fluoride glasses

1.51.6 μm, 2.7 μm, 0.55 μm

Holmium (Ho3+) Silicate glasses, fluorozirconate glasses 2.1 μm, 2.9 μm

Neodymium (Nd3+) Silicate and phosphate glasses 1.031.1 μm, 0.90.95 μm, 1.321.35 μm

Praseodymium (Pr3+) Silicate and fluoride glasses 0.3 μm, 0.635 μm, 0.6 μm, 0.52 μm, 

0.49 μm

Thulium (Tm3+) Silicate and germanate glasses, 

fluoride glasses

1.72.1 μm, 1.451.53 μm, 0.48 μm, 

0.8 μm

Ytterbium (Yb3+) Silicate glass 1.01.1 μm

Table 2. 
Common laser-active ions, host glasses, and important emission wavelength [32].



Optical Fiber Applications

6

Author details

Roghayeh Imani1 and Guillermo Huerta Cuellar2,3*

1 Department of Engineering Sciences and Mathematics, Luleå University of 
Technology, Luleå, Sweden

2 Dynamical Systems Laboratory, Centro Universitario de los Lagos, Universidad de 
Guadalajara, Lagos de Moreno, Jalisco, Mexico

3 Applied Mathematics Division, Instituto Potosino de Investigación Científica y 
Tecnológica (IPICYT), San Luis Potosí, Mexico

*Address all correspondence to: g.huerta@lagos.udg.mx

Acknowledgements

G.H.C. acknowledges E. Campos-Cantón for the opportunity to realize a 
research stay with his investigation group at IPICYT and the financial support from 
the University of Guadalajara under the projects Research Laboratory Equipment 
for Academic Groups in Optoelectronics from CULAGOS, R-0138/2016; Agreement 
RG/019/2016-UdeG and RC/075/2018; and Agreement RG/006/2018, UDG, México.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



7

Introductory Chapter: Optical Fibers
DOI: http://dx.doi.org/10.5772/intechopen.91397

References

[1] Kapany NS. Fiber optics. Scientific 
American. 1960;203(5):72-81

[2] Paradisi A, Carvalho Figueiredo R, 
Chiuchiarelli A, de Souza Rosa E. 
Optical Communications. Switzerland: 
Springer Press; 2019. Available 
from: https://www.springer.com/la/
book/9783319971865

[3] Hoss R, Ptaschek L. Manufacturing 
methods and technology program 
for ruggedized tactical fiber optic 
cable. ITT Electro-optical Products 
div roanoke va. 1979. Available from: 
https://apps.dtic.mil/docs/citations/
ADA084191

[4] Agrawal GP. Fiber-Optic 
Communication Systems. Vol. 222. 
New Jersey, Canada: John Wiley 
& Sons; 2012. Available from: 
https://www.wiley.com/enus/
Fiber+Optic+Communication+ 
Systems,+4th+Edition-p- 
9780470505113

[5] Lopez O, Haboucha A, Chanteau B, 
Chardonnet C, Amy-Klein A, 
Santarelli G. Ultra-stable long distance 
optical frequency distribution using the 
internet fiber network. Optics Express. 
2012;20(21):23518-23526. Available 
from: https://www.osapublishing.org/
oe/abstract.cfm?uri=oe-20-21-23518

[6] Shumate PW, Snelling RK. Evolution 
of fiber in the residential loop plant. 
IEEE Communications Magazine. 
1991;29(3):68-74. Available from: 
https://ieeexplore.ieee.org/abstract/
document/75529

[7] Durhuus T, Mikkelsen B, 
Joergensen C, Danielsen SL, 
Stubkjaer KE. All-optical wavelength 
conversion by semiconductor optical 
amplifiers. Journal of Lightwave 
Technology. 1996;14(6):942-954. 
Available from: https://ieeexplore.ieee.
org/abstract/

[8] Tanabe S. Optical transitions of rare 
earth ions for amplifiers: How the local 
structure works in glass. Journal of  
Non-Crystalline Solids. 1999;259(1-3): 
1-9. Available from: https://www.
sciencedirect.com/science/article/abs/
pii/S0022309399004901

[9] Islam MN. Raman amplifiers for 
telecommunications. IEEE Journal of 
Selected Topics in Quantum Electronics. 
2002;8(3):548-559. Available from: 
https://ieeexplore.ieee.org/abstract/
document/1016358

[10] Barbier D, Rattay M, Saint Andre F, 
Clauss G, Trouillon M, Kevorkian A, 
et al. Amplifying four-wavelength 
combiner, based on erbium/ytterbium-
doped waveguide amplifiers and 
integrated splitters. IEEE Photonics 
Technology Letters. 1997;9(3):315-317. 
Available from: https://ieeexplore.ieee.
org/abstract/document/556058

[11] Kir’Yanov AV, Barmenkov YO, 
Sandoval-Romero GE, 
Escalante-Zarate L. Er3+ concentration 
effects in commercial erbium-doped 
silica fibers fabricated through the 
MCVD and DND technologies. IEEE 
Journal of Quantum Electronics. 
2013;49(6):511-521. Available from: 
https://ieeexplore.ieee.org/abstract/
document/6502181

[12] Kir’yanov AV, Paul MC, 
Barmenkov YO, Das S, Pal M, 
Escalante-Zarate L. Yb3+ concentration 
effects in novel Yb doped lanthano-
alumino-silicate fibers: Experimental 
study. IEEE Journal of Quantum 
Electronics. 2013;49(6):528-544. 
Available from: https://ieeexplore.ieee.
org/abstract/document/6506094

[13] Escalante-Zarate L, Barmenkov YO, 
Kolpakov SA, Cruz JL, Andrés MV. 
Smart Q-switching for single-pulse 
generation in an erbium-doped 
fiber laser. Optics Express. 



Optical Fiber Applications

8

2012;20(4):4397-4402. Available from: 
https://www.osapublishing.org/oe/
abstract.cfm?uri=oe-20-4-4397

[14] García-López JH, Jaimes-Reátegui R, 
Afanador-Delgado SM, Sevilla-Escoboza 
R, Huerta-Cuellar G, López-Mancilla D, 
et al. Experimental and numerical study 
of an optoelectronics flexible logic gate 
using a chaotic doped fiber laser. Recent 
Development in Optoelectronic Devices. 
2018;97:97-114. Available from: https://
www.intechopen.com/books/recent-
development-in-optoelectronic-devices

[15] Jaimes-Reátegui R, 
Afanador-Delgado SM, Sevilla-Escoboza R, 
Huerta-Cuellar G, García-López JH, 
López-Mancilla D, et al. Optoelectronic 
flexible logic gate based on a fiber 
laser. The European Physical Journal 
Special Topics. 2014;223(13):2837-2846. 
Available from: https://link.springer.
com/article/10.1140/epjst/e2014-02297-4

[16] Pisarchik AN, Sevilla-Escoboza R, 
Jaimes-Retegui R, Huerta-Cuellar G, 
Garca-Lopez JH, Kazantsev VB. 
Experimental implementation of 
a biometric laser synaptic sensor. 
Sensors. 2013;13(12):17322-17331. 
Available from: https://www.mdpi.
com/1424-8220/13/12/17322

[17] Chapman DA. Erbium-doped fibre 
amplifiers: The latest revolution in 
optical communications. Electronics & 
Communication Engineering Journal. 
1994;6(2):59-67. Available from: https://
digital-library.theiet.org/content/
journals/10.1049/ecej19940202

[18] García I, Zubia J, Durana G, 
Aldabaldetreku G, Illarramendi MA, 
Villatoro J. Optical fiber sensors for 
aircraft structural health monitoring. 
Sensors. 2015;15(7):15494-15519. 
Available from: https://www.mdpi.
com/1424-8220/15/7/15494

[19] Saito N, Yari T, Hotate K, 
Kishi M, Matsuura S, Kumagai Y, et al. 
Developmental status of SHM 

applications for aircraft structures using 
distributed optical fiber. Structural 
Health Monitoring. 2013;2:2011-2018. 
Available from: http://www.dpi-
proceedings.com/index.php/shm2013/
article/view/23012

[20] Makovejs S, Roberts CC, Palacios F, 
Matthews HB, Lewis DA, Smith DT, 
et al. Record-low (0.1460 dB/km) 
attenuation ultra-large Aeff optical 
fiber for submarine applications. In: 
2015 Optical Fiber Communications 
Conference and Exhibition (OFC). 
2015. pp. 1-3. Available from: 
https://ieeexplore.ieee.org/abstract/
document/7122138

[21] Lee B. Review of the present  
status of optical fiber sensors. Optical 
Fiber Technology. 2003;9(2): 
57-79. Available from: https://www.
sciencedirect.com/science/article/pii/
S1068520002005278

[22] Monzon-Hernandez D, 
Martinez-Rios A, Torres-Gomez I, 
Salceda-Delgado G. Compact optical 
fiber curvature sensor based on 
concatenating two tapers. Optics 
Letters. 2011;36(22):4380-4382. 
Available from: https://www.
osapublishing.org/ol/abstract.
cfm?uri=ol-36-22-4380

[23] Barmenkov YO, Mendoza-Santoyo F. 
Faraday plasma current sensor 
with compensation for reciprocal 
birefringence induced by mechanical 
perturbations. Journal of Applied 
Research and Technology. 2003;1(2): 
157-163. Available from: http://www.
scielo.org.mx/scielo.php?pid=S1665-
64232003000200006&script=sci_
arttext&tlng=en

[24] Willer U, Saraji M, Khorsandi A, 
Geiser P, Schade W. Near-and mid-
infrared laser monitoring of industrial 
processes, environment and security 
applications. Optics and Lasers 
in Engineering. 2006;44(7):699-
710. Available from: https://www.



9

Introductory Chapter: Optical Fibers
DOI: http://dx.doi.org/10.5772/intechopen.91397

sciencedirect.com/science/article/abs/
pii/S0143816605001107

[25] Mishra V, Singh N, Tiwari U, 
Kapur P. Fiber grating sensors in 
medicine: Current and emerging 
applications. Sensors and Actuators 
A: Physical. 2011;167(2):279-290. 
Available from: https://www.
sciencedirect.com/science/article/abs/
pii/S092442471100118X

[26] Taffoni F, Formica D, Saccomandi P, 
Pino GD, Schena E. Optical fiber-
based MR-compatible sensors for 
medical applications: An overview. 
Sensors. 2013;13(10):14105-14120. 
Available from: https://www.mdpi.
com/1424-8220/13/10/14105/htm

[27] Song H, Kim K, Lee J. Development 
of optical fiber Bragg grating force-
reflection sensor system of medical 
application for safe minimally invasive 
robotic surgery. Review of Scientific 
Instruments. 2011;82(7):074301. 
Available from: https://aip.scitation.org/
doi/full/10.1063/1.3606502

[28] Russo V, Righini GC, Sottini S, 
Trigari S. Lens-ended fibers for medical 
applications: A new fabrication 
technique. Applied Optics. 
1984;3(19):3277-3283. Available from: 
https://www.osapublishing.org/ao/
abstract.cfm?uri=ao-23-19-3277

[29] Gelfand RM, Wheaton S, 
Gordon R. Cleaved fiber optic double 
nanohole optical tweezers for 
trapping nanoparticles. Optics Letters. 
2014;39(22):6415-6417. Available from: 
https://www.osapublishing.org/ol/
abstract.cfm?uri=ol-39-22-6415

[30] Tanabe S. Rare-earth-doped glasses 
for fiber amplifiers in broadband 
telecommunication. Comptes Rendus 
Chimie. 2002;5(12):815-824. Available 
from: https://www.sciencedirect.
com/science/article/abs/pii/
S1631074802014492

[31] Huerta-Cuellar G, Pisarchik AN, 
Kiryanov AV, Barmenkov YO, del 
Valle Hernndez J. Prebifurcation noise 
amplification in a fiber laser. Physical 
Review E. 2009;79(3):036204. Available 
from: https://journals.aps.org/pre/
abstract/10.1103/PhysRevE.79.036204

[32] Poole S, Payne D, Mears R, 
Fermann M, Laming R. Fabrication 
and characterization of low-loss 
optical fibers containing rare-earth 
ions. Journal of Lightwave Technology. 
1986;4(7):870-876. Available from: 
https://ieeexplore.ieee.org/abstract/
document/1074811

[33] Huerta-Cuellar G, Pisarchik AN, 
Barmenkov YO. Experimental 
characterization of hopping dynamics 
in a multistable fiber laser. Physical 
Review E. 2008;78(3):035202. Available 
from: https://journals.aps.org/pre/
abstract/10.1103/PhysRevE.78.035202

[34] Pisarchik AN, Jaimes-Retegui R, 
Sevilla-Escoboza R, Huerta-Cuellar G, 
Taki M. Rogue waves in a multistable 
system. Physical Review Letters. 
2011;107(27):274101. Available 
from: https://journals.aps.
org/prl/abstract/10.1103/
PhysRevLett.107.274101

[35] Pisarchik AN, Jaimes-Retegui R, 
Sevilla-Escoboza R, Huerta-Cuellar G. 
Multistate intermittency and extreme 
pulses in a fiber laser. Physical 
Review E. 2012;86(5):056219. Available 
from: https://journals.aps.org/pre/
abstract/10.1103/PhysRevE.86.056219


