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Lecture 1: Introduction to Optical Communication Systems

Historical perspective

* 1626: Snell dictates the laws of reflection and refraction of light

 1668: Newton studies light as a wave phenomenon

— Light waves can be considered as acoustic waves
 1790: C. Chappe “invents” the optical telegraph

— It consisted in a system of towers with signaling arms, where each tower acted as a
repeater allowing the transmission coded messages over hundred km.

— The first Optical telegraph line was put in service between Paris and Lille covering a
distance of 200 km.

e 1810: Fresnel sets the mathematical basis of wave
propagation E

e 1870: Tyndall demonstrates how a light beam is guided !
through a falling stream of water

 1830: The optical telegraph is replaced by the electric
telegraph, (~b/s) until 1866, when the telephony was born

« 1873: Maxwell demonstrates that light can be considered as
electromagnetic waves

http://en.wikipedia.org/wiki/Claude_Chappe

UNIVERSITAS
A Miguel
Herndndez

Optical Communication Systems and Networks
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Historical perspective

1800: In Spain, Betancourt builds the first span between Madrid and Aranjuez
1844: It is published the law for the deployment of the optical telegraphy in Spain

— Arms supporting 36 positions,
1092 separation
Alphabet containing 26 letters and 10 numbers
— Spans:
Madrid - Irin, 52 towers.
Madrid - Catalufia through Valencia, 30 towers.
Madrid - Cadiz, 59 towers.

1855: It is published the law for the deployment of
the electrical telegraphy network in Spain

1880: Graham Bell invents the “photofone” for voice communications
N > TRANSMITTER oS => RECEIVER

The receiver is also a
parabolic reflector in which a
selenium cell is placed in its
focus to collect the variations
of the light intensity.

Pictures:
http://en.wikipedia.org/wiki/Photo

The transmitter consists of a
mirror made to be vibrated by
the person’s voice, and then
modulating the incident light
beam towards the receiver.

|
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Historical perspective

e 1910: D. Hondros and P. Debye use glass rods as waveguides (circular
cylindrical dielectric structures were patented by French in 1934 for voice
transmission)

e 1927: Baird and Hansell patent a system for images transmission through silica
fibers

 1936: EEUU begins to use optical fibers in communications

* 1960: First LASER (light amplification by stimulated emission of radiation) is
presented

* 1970: Corning Glass Works achieves optical fibers with 20dB/km attenuation
at 633 nm

 1978: First singlemode optical fibers are built, achieving an attenuation of 0.2
dB/km at 1550 nm in 1979

e
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Historical perspective

The Nobel Prize in Physics 2009 was awarded jointly to three American pioneers
whose researches have supposed pillars of the modern Information Society:

Charles Kuen Kao, Willard Sterling Boyle y George Elwood Smith.

“.. for their contribution to the materials research and
development that resulted in practial low loss optical fibers, one
of the cornerstones of optical communication technology...”

[EE PROCEEDINGS, Vol 123, Pr. J, No. 3, JUNE 19568

Dielectric-fibre surface waveguides for
optical frequencies

K.C. Kao and G.A. Hockham

Tadesing terms.  Optical fbees, Woseguides

Abstraet: A diebectric fibre with a refeactive index higher than its surrounding segion & a form of dielscine
waveguide which represents a possible mediam lor the gusded transmisson of energy al optical frequencies. The
particular type of dielesiric-fibre wavepunde descused s one with o arcular cross-section. The choice of the
made of propagation for a fibre waveguide used fof communication purposss i governed by condwderation af
boas characteriatics and information capacity. Dielectric los, bending lois and radiation boss are duscussed, and
made stahility, dispersion and power handling are examined with respect to information capacity. Physical-
realisztion aspects ane also discussed, Experimental investigafions at both optical and microwase w.;,-.-.:lcngl:hs
are included.
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Frequency — Wavelength Duality

= Frequency scale or magnitude has been traditionally used in Telecommunication
Engineering for desinging spectrum bands comprised between DC and microwaves
region

= |n Optical Communications, frequencies around 10'* Hz are used, resulting a little
impractical four such magnitudes

= |t is very common to use the wavelength scale, being the nanometer scale (1nm = 10° m)
and micron scale (1um = 10®* m) the most used

= The specturm band usually employed in Optical Communications is comprised between
800 and 1600 nm

f
Sinusoidal and monochromatic E.M. €= kf - ;sz C/fl v 7¥1
wave propagated along z axis __Cap M A 111
M= — S Af=—"TAf=-2Af . \,
2rz\ ~ |\ | AL :
E = Eysin (27rft = —) = : .
A Approx. AA KAy Af L f ANy A
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Optical Communication Systems

Optical Communications

&

Physic Optics + Quantum Electronics + Communication Theory
(1970, Procedings IEEE)

&

Physics of Materials + Quantum Physics + Information Theory + Nonlinear Optics
+ Interaction of Radiation with Matter

CHANNEL

Transmitter Recelver

Guided Communication - optical fiber
Non-guided communication = free space

/
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Introduction

/ Carrier signal \ / Unmodulated Las%
(optical emision in continuous wave, CW) _ spectrum

Delta (ideally)
¥

Unmodulated LED
spectrum

7 f; f

Modulating signal (Baseband
Modulation electrical signal)

process (directly \/\ Base?rar;:
or externally) spectru

Modulated signal A
(optical domain/format)
: | f
| VAN ),
TIME DOMAIN SPECTRAL DOMAIN
Modulation is the process of varying one or more properties ~ The modulating signal contains information
of a high-frequency periodic waveform (carrier signal) to be transmitted

/
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Modulation formats

Optical carrier: E(t) = A, cos(w,t — ¢,) &

: Electric signal
. . . ) ' (Bit sequence)
* Amplitude modulation A, ASK, Amplitude-shift —.:l—lj—‘:|=>' :

keying

—%—nf%—nf%—ﬂ. S e

*  Phase modulation @,: PSK, Phase-shift keying : : : ' : i

. i : _shi HHIHHHHHHHIHHHHH
Ilzgi?nugency modulation ®,: FSK, Frequency-shift TV ” i , l I ” N\ l (V| ” M : PSK

«  Polarization modulation @&: PoSK, information LU ‘ A ‘ HHI ‘ ) HHl‘ ‘ \
coded by polarization state (not allowed in optical E I ' VYT ’ ' | “ Il .

systems based on fiber) | | | | I | '

Most commercial systems are based on ASK (These systems are also known as on—off
keying, OOK) = IM/DD (intensity modulation and Direct Detection)

First Differential PSK (DPSK) are being deployed recently
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Free-Space Optics (FSO) Technology

" Nowadays, FSO systems are used for covering connection needs in last-mile
access networks, point-to-point interconnections, as a redundant support in
temporal or permanent links, etc.

" Provides robust links with the
following advantages:

RF / EM free interferences
High rate systems

Operation license not required
Quick deployment

Network survivability
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RedlIris: An example of Optical Networks in Spain

= Rediris is the Spanish National Research and Education
Network wich serves over 370 institutions, including all
Spanish universities and the main public research entities.

= |t is built over a dark fiber-based infraestructure with over
12500 km of optical fiber for nation wide-coverage.

(TENERIFE)
s w— 2,5 Gbps
\
. ——— 622 Mbps
(LAS PALMAS) 155 Mbps

ENTITIES IN THE
COMMUNITY OF VALENCIA

GVA Generalitat Valenciana, DICV.CSIC
Delegacion del CSIC en la Comunidad de
Valencia, FIB Fundacion Valenciana de
Investigaciones, Institutos.CSIC, IBV.CSIC
Instituto de Biomedicina de Valencia,,
IN.UMH.CSIC Instituto de Neurociencias,
INGENIO.CSIC Instituto de Gestién de la

Innovacién y del Conocimiento, IMPIVA
Instituto de la Mediana y Pequefia Industria

Valenciana, IVE Institut Valencia
d'Estadistica, IVIE Instituto Valenciano de
Investigaciones Economicas, UA Universitat
d'Alacant,

UCH-CEU Universidad Cardenal Herrera, UJI
Universitat Jaume |, UMH Universidad
Miguel Hernandez de Elche, UPV
Universitat Politécnica de Valéncia, UV
Universitat de Valéncia.

Source: www.rediris.es

Optical Communication Systems and Networks

UNIVERSITAS
, Miguel
Herndndez



Lecture 1: Introduction to Optical Communication Systems 13/52

FTTH: An example of the evolution of Optlcal Networks in Spain

Programa Nacional de
EXTENSION DEL ACCESO A LA BANDA ANCHA EN ZONAS RURALES-—- -ﬂ'IEJ.ABﬁS

auan=cl., Inicic | Mapa Web | Accesibilidad | Contactenos | English Informatior

E:nw-_.. dnn.l... i [ ‘. 4 h
a . y Ilntnduzca texto lﬁ

La banda ancha Estrategias y Consulta de Cobertura English information
programas

Esta en: La banda ancha » Tecnologias » Tecnologias cableadas »  Fibra ﬁlptica

¥ Beneficios

¥ Tecnologias Fibra Optica

= Tecnologias cableadas _ o _ _
Las redes opticas se encargan de eliminar los cuellos de botella producidos en |as redes de acceso ofreciendo un ancho de

rOEL banda flexible capaz de soportar los nuevos senvicios de telecomunicaciones aumentando la calidad de los mismos.
+ HFC
» Fibra Optica Existen varias arquitecturas posibles de uso de |a fibra:

v Tecnologias Inalambricas ) )
For el uso de elementos pasivos y/o activos: Redes PON

v Comparacion de Tecnologias

¥ Contexto nacional Par |a cercania del tramo de fibra al domicilio de cliente: FTTX

La tecnologia FTTH (Fibra hasta el Hogar) se basa en la utilizacidn de cables de fibra dptica v sistemas de distribucidn dpticos
para la distribucidn de senicios avanzados de telecomunicaciones a los hogares de los abonados.

SECRETARIA DE ESTADO DE TELECOMUNICACIONES ¥ PARA LA SOCIEDAD DE LA INFORMACIFES

GOBIERMNO MIMISTERIC —

DE INDUSTRIA, TURISMO C/ Capitén Haya, 41, C.P. 28071 Madr
DEESPANA  y comercio AS

'z
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Operation Spectral Windows in Guided
Optical Communications

A : N
1st window 2nd window 3rd window
850 nm 1310 nm 1550 nm
. Optical : n
amplifiers
i Attenuation
& optical fiber
photodetectors
Fiber InGaAg L otical _ R .
attenuation sources | esponsivity
dB/k e EDFA _ (W/A in sources)
( B/ m) — : 7 (A/W in detectors)
: AR
/0 [\ A\

: GaAlAs /\

: > J \ /
: /

InGaAsP: :
Based on figure published in
; “Sistemas y Redes Opticas de

: InGaAsP Comunicaciones” J. A. Martin

: | 1 F | : Pereda”Ed. Pearson 2004

700 900 1100 1300 1500 1700

Wavelength (nm)

/

Optical Communication Systems and Networks

Ll UNIVERSITAS
Miguel
Herndndez



Lecture 1: Introduction to Optical Communication Systems 15/52

Spectral Bands in single-mode optical fibers

= To provide a high capacity for optical transmission systemes, it is desirable to allow as
wide a range as possible for the system operating wavelengths.

= The choice of operating wavelength band depends on several factors: fiber type,
source characteristics, system attenuation range, and dispersion of the optical path.

= The following spectral bands are defined by ITU-T Recommendations for single-
mode fiber systems:

Original 1260 - 1360

Extended 1360 - 1460
Short 1460 - 1520
Conventional 1520 - 1565
Long 1565-1625
Ultra - Long 1625 - 1675

UNIVERSITAS
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Optical propagation fundamentals

The optical fiber is a dielectric waveguide whose cylindrical geometry guiding and
propagation characteristics can be explained:

= accurately by electromagnetic theory (Maxwell Equations)

= easily and descriptive through Geometrical Optics
= |t does not take into account the nature of the wave (frequency, phase, power, ...)

= Describes the trajectory of light (optical signal) through rays (Fermat Principles and
Huygens)

= This consideration is only valid if the light wavelengthcan be assumed much smaller
than the size of the objects passing through (apertures, lenses etc. ..)

= |t assumes the Maxwell equations approximation when A= 0
Theory description restricted guided in multimode fibers
(Core diameter >> Wavelength)
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Guiding in optical fibers. Fundamentals

n,

Each guided ray with a different reflecting angle is called MODE

Guiding condition: n, (core) >n, (cladding)

@ UNIVERSITAS
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Guiding in optical fibers. Fundamentals

Meridional rays:

Rays describe paths contained
\ in meridional planes (planes
Meridional plane containing the optical fiber axis)

Skew rays:

When propagated rays describe
paths which are not contained in -
meridional planes

Based on figure published in “Fundamentals of
Photonics” B. A. Saleh, M. C. Teich ”Ed. John Wiley, 1991
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Guiding in optical fibers. Fundamentals

ny

s

According to the geometry of the

According to the refractive index

dielectric structure profile
Cilindrical Cartesian Steep Continuous
Planar dielectric
structure Homogeneous or | Inhomogeneous or
Optical Fiber step index graded index

Rectangular dielectric
structure

Optical Communication Systems and Networks
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Cross section of an optical fiber

\ | A
cladding ( core O 2a 2b 2d

J ,,
7 \,

Typical dimensional specifications:
* Core diameter:

>

— Single-mode fiber: 2a =9 um (modal field diameter)
— Multimode fiber:  2a =50, 62.5 um (100 pum)

+ Cladding diameter: 2b =125 um (140 um)

» Buffer diameter: 2d = 250 um

Typical values of the refractive index in silica fibers:

« Core:n;~1.48 ‘ Core dopping to achieve n,;>n, =
+ Cladding: n,~ 1.475

total internal reflection = light propagation

/

Optical Communication Systems and Networks
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Type of Optical fiber depending on
the refractive index profile...

cladding
S ——
AN0
Step index .
fiber optic I »
N a b r
ﬂ n(r)
n(0)=n1
Graded index n2
fiber optic »

Refractive index profile

nl(r) =

o—Law

nl{l— 2A(£

IT o] -

n(1-2A)"? =n (1-A)=n,

r=a

Index relative difference

A=(n;-n;)/2n;

/

Optical Communication Systems and Networks
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Geometric Optics Aproximation
Principle of propagation in step-index optical fibers

n n ()
o' ﬁctad ray Snell Law
incident ray ) _ )
/m<v Py Ny-SINP; = Ny-SINP,

Reflectg¢d ray
Ny N>N, = ¢ <@,

Total internal reflection

Critical angle: ¢, = ¢,= n/2 01" Q=T

r

S
[
I
e\\
2)
v

_(n _
@, = arcsm(—zj (©1= @c = @)
nl

If ;> .= There is no transmission towards medium 2
Ray is completely reflected in medium 1 = guiding funamentals in optical fibers
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Geometric Optics Aproximation

air N,
no=1

@ cladding

o — e Fiber axis

O Air-core Interface

(2 Core-cladding Interface

n,sina =n;sin@ =n, cos¢g,
¢, = m/2

n,sing, =n,sin g,

2
COS (p, = \/1— [%) ¢1= @
1

1

Maximum value of a is given by ¢,= ¢,

Jni —nZ = NA

n,Sine,, =N, COSQ, =

Optical Communication Systems and Networks
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Numerical Aperture meaning...

Lost ray

Acceptance
cone ’ cladding
S Y I S I Y — i .. guidedray o,
Air or jacket or Partially lost ray
overcladding
o, = arcsin = arcsin (NA) _ o
n, , N, : core and cladding refractive index
NA=/n’-n? -
o.: Critical angle
A (nf —nij o.,: maximum acceptance angle
2n2

NA: Numerical aperture
(generally, A<<1)

N, —n
1n ‘ NA=n, /2A
' If n,~n,, A=(n;-n,)/n; > valid approx.

A: refractive index relative difference

A=

a _ UNIVERSITAS
< Miguel
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Numerical Aperture meaning...

1(0)=1 Ocosé’
. (Lambertian source) This behaviour is related to the energy
acceptance by the optical fiber

v

LED

Multimode fiber
Source with Emission surface [( :. j>

isotropic emission

Power emitted by the optical source: Laser Single-mode fiber

w2 ﬁ— —

P = jl(e)znsenede:mo

0

Fraction of the emitted power which is injected into the optical fiber:

U 2
P= _[I(H) 27 sen@ dé = sen’(a, )= PONZA Power Fraction coupled into
0 n, an optical fiber o«c NA2

/
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Modal field diameter

Evanescent field Petermann |
F 2
IrﬂE(r)\ dr
Wy =<
jr\E(r)\2 dr
0
_ , Petermann 11
Determines the confinement degree of the a
fundamental mode in the core. There are erZ(r)dr
several definitions, but the most used are W2 =0
the Petermann | and Il ! Tr dE(r) 2dr
’ dr
» Defined by ITU G.652 recommendation.

« It is assumed a gaussian radial distribution
<:| of the optical intensity.

« The modal field radius w corresponds to the
‘ radius for which the value of the electrical

field drops a factor 1/e? from the maximum

Ll UNIVERSITAS
Miguel
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| Modal field |
diameter, 2w
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Ligth propagation in optical fibers

Step index Multimode Fiber

a|ljo0.d
Xapul aAndelay

Step-index Singlemode Fiber
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Ligth propagation in Step-index Multimode Fiber:
Dispersion effect (intermodal)

Pulse

Pul -
uise received

transmitted

Step-index Multimode Fiber

| ' %a!vsn’sms
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Ligth propagation in Single mode Fiber:
Dispersion effect (intramodal or chromatic)

Transmitted pulse Dispersive Medium: n(f) Received pulse
v(f) =c/n(f)
N )
l“s T
> 5- ‘.‘ >
T ®,
5 t
Light source wavelength, Photodetector
& Single-mode optical fiber W
threshold “0..".‘ threshold

v

t o 8
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Intramodal (or chromatic) dispersion effect

Intramodal dispersion appears as a result of the dependence of the frequency on the
fundamental mode propagation constant f3,;. Then:

Bo1 = Bo1(w) = Bo1 (4)

This dependence is usually modeled by a Taylor series approximation:

: dp 2 dzﬁ 1d3p
®) = Blwo) o~ (w~-w -I- w—wy)?+-——=| (w—wy)3+
B@) = plwo) 45, ¢ 0) 2aw],, @ Yoau|, @
....... “’0 . L
Group delay per unit Iength Ty /L Dispersive terms
30 j ’ ’
Minimum D This behaviour is produced by two mechanisms:
2 material
£, [dispersion a) The dispersive nature of the material
E /val/eﬂefg_th ________ which makes up the optical fiber =
S | D material dispersion (D,,;)
8 10f S 29
= / | | Real Minimum PP
o |1 dispersion | b) The effect produced when a waveguide is
-1 | wavelength embeded in a dielectric structure =
01 12 13 14 15 16 waveguide dispersion (D,,,)

Wavelength (um) =
: : e @ UNIVERSITAS
. .. \ Miguel
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Dispersion management in an optical fiber by the
modification of the refractive index profile

cladding

Dispersion
Dispersion

wavelength wavelength

= Raised or depressed cladding for dispersion control.

= |ndex profile rectangular for standard fibers.

= Triangular index profile for dispersion-shifted fibers.

/
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Wavelength dependence of the dispersion
in Single-mode Fibers

Standard Slngle mode fiber
ioptimized @ 1310 nm

Flattened di:spersion fiber :

Dispersion [ps/(km.nm)]

Shift dispersion fiber:

1300 1500 1600

Wavelength [nm]

! umvsnfms
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Single-mode Optical Fiber Types

STANDARD SINGLE-MODE FIBER (SSMF)

=  Mainly designed to be operated in the 2nd window (=1.3um):

— Chromatic dispersion negligible (D~0 ps/km.nm)
— Atenuation o~0.5 dB/Km — It could be a problem over long distances

= Inthe 3rd window (=1.55um):

— Typical chromatic dispersion D~20 ps/km.nm
—BER increases over long distances
— Low atenuation o~ 0.2 dB/km

@ UNIVERSITAS
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Single-mode Optical Fiber Types

SHIFTED DISPERSION FIBER (SDF)

= Appears as a result of technological advances in optical sources,

photodetectors and amplifiers in the fiber’s minimum atenuation region

(3rd window, A =1.55um):

— The modification of optical fiber parameters such as a, n;, n,, and core doping

are required to shift the dispersion profile
— Chromatic dispersion is negligible at A=1.55um (D ~ 0 ps/km.nm)
— Well suited for systems operating at high bit rates over long distances
— The lack of dispersion can cause the raising of nonlinearities
Solution: To keep low dispersion levels (residual values)
— flattened dispersion fibers

FLATTENED OR NON-ZERO DISPERSION FIBER (NZDF)

= Low and nearly constant levels of dispersion (D~1-5 ps/km.nm) in
A= [1.3-1.6 um]

= Avoids the raising of nonlinearities keeping the advantages of shifted

fibers over a wide spectral band

Optical Communication Systems and Networks
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Types of single-mode fiber in common use today

Description IEC Spec. ITU Spec. TIA Spec
Standard Single- B1.1 G.652 0s1
mode Fiber
Dlsper5|.on Shifted B2 G.652
Fiber
Non-Zero Dispersion
Shifted Fiber B4 G.655
Bend-lr.nsen5|t|ve G 657
Fiber
Low Water Peak B1.3 G.652 0S2
Fiber
Cutoff Shifted Fiber B1.2 G.654

* ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission)
collaborate on several Joint Technical Committees and addresses the electronics and telecommunications industries.
* TIA (Telecommunications Industry Association) is comprised of the American National Standards Institute (ANSI)
and manufacturers who are suppliers to the telecom industry.

* ITU (International Telecommunication Union) ,

UNIVERSITAS
, Miguel
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Polarization state variation in single-mode fibers
Birefringence effect

. y _ .
Initial A y Experimented Experimented
p0| arization refractive refractive
) ) index n index n
state Polarizations of the / :

fundamental mode HE;
in a single-mode fiber

X "y Vertical mode Horizontal mode
Bor # Bas Polarization state varies due to the effect
1 of birefringence along the optical fiber
_ _ 0
I y
B = ‘n01 o n01‘ y

Typical values
B=10°-10"

The presence of PMD implies a limit in the

1

maximum capacity transmitted through Pulse broadening as a A
long-haul and high bit rate links based on result of PMD |
single mode optical fiber (Polarization mode :
dispersion) ;

a _ UNIVERSITAS
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Dispersion effect in optical communications links

LED spectrum used for low
bit rate applications

~ 40 nm

Multimode specturm of a Fabry-Perot Laser
used for moderate bit rate applications

~2nm
<

A
Single-mode specturm of a Distributed Feedback
laser used for high bit rate applications

Bit rate (Gb/s)

~0,2 nm
— | —

[
»

A

Single-mode spectrum of a Distributed Feedback
laser used for homodine detection applications

~0,00002 nm

N
»

A

103

1
_____________ F———————————
1

1600 Gb/s

The combination of Dispersion and

source’s spectral width imposes the
maximum B x L parameter

—

103 10*

102
Length of the optical link (Km)

/
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Lecture 1: Introduction to Optical Communication Systems 38/52

Summary of characteristics and use
of basic optical fibers

Refractive
Core Cladding index . .
Type of fiber diameter diameter Relative Application .Longer el
. distances rates
(um) (num) diference
(%)
o o
(Singlemode SI) ~9 125 0,1-0,2 -
rates (long-
haul)
50/125 125 Moderate
(Multimode Gl) 50 1-2 distances and
bit rates
62.5/125 _
(Multimode GI) 62,5 125 1-2 Local area
networks
Reduced
100/140 100 140 1-2 distances in
(Multimode SI) local area — —
networks
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Problems in an optical link (i)

Problem or parameter to be tested Instrumentation
Low signal power at the source’s Optical power meter
output or receiver’s input
Loss or attenuation in fibers, cables, Optical power meter, Optical Time
connectors or splices Domain Reflecometer (OTDR)
Wavelength fluctuations Optical Spectrum Analyzer
Loss by ligth scattering effect OTDR
Finding / location of failures OTDR
Dispersion efects Bandwidth tester / network
simulators
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Typical failures

Problems in an optical link (ii)

Instrumentation

Connector with
defects

Localized loss or
attenuation

Distributed loss of
attenuation

Total loss of signal

Splice with loss

Damaged, scratched
of dirty ferrule

Cable with bends

Cable with defects or
presence of torsion /
traction

Fiber/cable cut

Damage or
displacement
between fiber ends
during splacing

Microscope / probe

OTDR

OTDR

OTDR / optical power
meter

OTDR / optical power
meter

Cleaning or polishing

Proper Alignment /
extension

Reduction of torsion /
traction by proper
alignment or cable

replacing

Splicing, connectoring
or replacement

Mechanical splice
(open, relocate +
index matching gel)
Fused splice
(replacing the former)

/
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Lecture 1: Introduction to Optical Communication Systems

Operational test/check of an optical link by using an
optical power meter

Optical
fiber spool

Optical
fiber spool

connector

w‘ Arma ce baare de 1a Seial y Comamsascer
U Maddsr de Palemcia (plka

-3[|EdBm 1310nm

n/Off Log/Lin

&S5 _
P : Optical
power meter

Optical source (Laser
@ 1310nm)
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Operational test/check of an optical link by using an
optical power meter

Optical
fiber spool

Optical
fiber spool

connector

FIBER
CuUT!!! |

P i Optical
power meter

Optical source (Laser
@ 1310nm)

w‘ Arma ce baare de 1a Seial y Comamsascer
U Maddsr de Palemcia (plka

LOW SIGNAL

n/Off Log/Lin
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Operational test/check of an optical link by using an
Optical Time Domain Reflectometer

Optical

- Optical
fiber spool fiber spool
| & /
-
Connector Fiber end

OTDR input
[ pulse

Splice
(non reflexive Connector
event) (reflexive event)

Attenuation

coeff. (dependsony..
the fibertype anda) e

Fiber end

Attenuation (dB)

http://www.exfo.com/Products/Field-Network-
Testing/Optical/OTDR-and-iOLM-Testing/FTB-730/

Distance (km)
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Testing the state of
optical connectors

Connector in
good condition

Damaged connectors
http://www.exfo. com/en/Products/FleId Network-
Testing/Optical/Fiber-Inspection/FIP-400/
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Lecture 1: Introduction to Optical Communication Systems

Quality Evaluation in IM/DD systems
BER — Q parameter - SNR

Current at the output: Considering:

1) Temporal length of
ngh |eve| uln PUlseS matChS.blt
) interval to avoid ISI.

Imax

______ W 2) There is no
lthreshold limitation on the

; !, receiver’s bandwidth

Low level “0”

3) Noise sources

presents gaussian
p.d.f.

(i—i;)?
V21o;

In analogic systems, noise sources are characterized by the root mean square (rms).
However, in digital systems, it is necessary to know the probability density function for each

noise source. = -
a _ UNIVERSITAS
Miguel
Herndndez

Probability density function (pdf)  p;(i) =
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Quality Evaluation in IM/DD systems
BER — Q parameter - SNR

icror e 7 Ply0A0 - 03P - {10) 03]

P0)= [l P(OA)= | Bk

Ih

Considering the complementary 2 e
error function, erfc(x) — erfe(x) = \/;L e dt

1 [1 imax lth) 1 <lth imm)]
P, =c|zerfc < + —erfc
€ 2 \/_Umax \/_O'mm

Where it is assumed a random sequence of equiprobable
“0” and “1” bits P(0)=P(1)=1/2

/
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Lecture 1: Introduction to Optical Communication Systems

Quality Evaluation in IM/DD systems
BER — Q parameter - SNR

The optimum threshold, Iy, is obtained when P(1/0)=P(0/1):

Q — imax_ith _ ith_imin

Omax Omin

Substituting the optimum threshold in the Q definition:

I Omin * lmax — Omax * lmin |:> 0 = lmax — lmin
th — —
Omax 1 Omin Omax T Omin

In case Q>10, P, can be approximated
1 €
P, = > erfc (%) by the expression:
2 ) _QTZ
P,<10°-5Q=>=6 Fe = 270"
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Lecture 1: Introduction to Optical Communication Systems

Quality Evaluation in IM/DD systems
BER — Q parameter - SNR

»
For a fixed BER: T i e S S
0= lmax — lmin = Signal TeY . “GEES NS —
Omax T Omin =+ Noise o a b N
£ 10 BER =107 > Q=6
= 112
S 106 oo N\ E} _E_R____l_Qﬂ_ — Q=7
. . . - : . Mo5t used
Usually, in optical communication 108 feb e\ values in Opt.
systems thermal noise dominates [ o : | . Systems
over shot noise 1077 poeeeeeees poccesces roseseses ll
12 : : i f
pdf pmin = pm X 9 G min= Omax 10 >
’ ’ 0123 456 78
Extinction ratio negligible: i ., >> i, Quality parameter, Q
0 Lmax 1 |S
© 20max 24N
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Lecture 1: Introduction to Optical Communication Systems

Fiber optic properties
Main goal: to take advantage of optical fibers properties

= Great product bandwidth x distance (B x L)

= Transparent to signal format / service

= Low loss (0.18 dB / km, constant with the optical carrier frequency)
= Low cost (raw material abundant - SiO2 -)

= Low weight and volume

= Strength and flexibility

" Immunity to electromagnetic interference

= Security and Privacy

= Corrosion Resistance

= Need to exploit/take advantage of fiber bandwidth

- development of new optical communications systems to satisfy traffic demands

e
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Impairments to be considered
N optlcal communication systems
Related to signal Related to signal
amplitude velocity
SRS & SBS MODULATION \
v PMD
INTRINSIC EXTRINSEC FOUR WAVE
MIXING
/\ INTRAMODAL INTERMODAL
(CHROMATIC)
ABSORTION RAYLEIGH & MIE
(IR, UV, OH") SCATTERING / \
CURVATURES IMPURITIES
(Macro & Micro) (Cr, Co, Ni, Fe...) AERIERIAL WAVEGUIDE

Optical Communication Systems and Networks

) UNIVERSITAS
Miguel
‘Herndndez



Lecture 1: Introduction to Optical Communication Systems

Impairments to be considered
in optical communication systems

Cross-talk (inter or intra-band)
Noise (quantum, RIN, ASE...)
Fiber dispersion

‘ Atenuation

Nonlinear effects (refractive index dependence
with optical intensity)

Overall effect increases as impairments are propagated and accumulated
over long dinstances, limiting the bit rates and the geographical reach of
the network

/
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FTTH network based on an access network (PON standard)

(video, voice, data)
Triple-play Service curstomers
premises

Central ,
Office | ONU

Optical network

Ring, tree or bus topologies

"Red Pliblica \ Services
Teleforiz Telephone, data-> 1490 qm
Basica TV -2 1550nm ES

OLT -Optical Line Terminal
Return channel = 1310nm
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