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- Qu’est-ce qu’une fibre optique ?
- Principes de base
- Monomode / Multimode
- Atténuation, fenêtres de propagation
- Principales caractéristiques
- Transmission sur fibre optique
- Boucle Locale Optique

La fibre optique
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Figure 8-1  Basic fiber optic communication system 

very simple (i.e., local area network) to extremely sophisticated and expensive (i.e., long-
distance telephone or cable television trunking). For example, the system shown in Figure 8-1 
could be built very inexpensively using a visible LED, plastic fiber, a silicon photodetector, and 
some simple electronic circuitry. The overall cost could be less than $20. On the other hand, a 
typical system used for long-distance, high-bandwidth telecommunication that employs 
wavelength-division multiplexing, erbium-doped fiber amplifiers, external modulation using 
DFB lasers with temperature compensation, fiber Bragg gratings, and high-speed infrared 
photodetectors could cost tens or even hundreds of thousands of dollars. The basic question is 
“how much information is to be sent and how far does it have to go?” With this in mind we will 
examine the various components that make up a fiber optic communication system and the 
considerations that must be taken into account in the design of such systems. 

III.  TRANSMISSION WINDOWS 
Optical fiber transmission uses wavelengths that are in the near-infrared portion of the 
spectrum, just above the visible, and thus undetectable to the unaided eye. Typical optical 
transmission wavelengths are 850 nm, 1310 nm, and 1550 nm. Both lasers and LEDs are used to 
transmit light through optical fiber. Lasers are usually used for 1310- or 1550-nm single-mode 
applications. LEDs are used for 850- or 1300-nm multimode applications. 

There are ranges of wavelengths at which the fiber operates best. Each range is known as an 
operating window. Each window is centered on the typical operational wavelength, as shown in 
Table 8.1. 

Table 8.1:  Fiber Optic Transmission Windows 
Window Operating Wavelength 

800 – 900 nm 850 nm 
1250 – 1350 nm 1310 nm 
1500 – 1600 nm 1550 nm 
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Cabling Example 

Figure 8-19 shows an example of an interbuilding cabling scenario 

 

Figure 8-19  Interbuilding cabling scenario (Courtesy of Siecor) 

 

XII.  FIBER OPTIC SOURCES 
Two basic light sources are used for fiber optics: laser diodes (LD) and light-emitting diodes 
(LED). Each device has its own advantages and disadvantages as listed in Table 8-4. 

Table 8-4  LED Versus Laser 
Characteristic LED Laser 

Output power Lower Higher 
Spectral width Wider Narrower 
Numerical aperture Larger Smaller 
Speed Slower Faster 
Cost Less More 
Ease of operation Easier More difficult 

 

Cabling Example
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- Le signal lumineux est propagé dans et à proximité du cœur.
- La gaine optique sert essentiellement à amener le diamètre à 125µm, pour 

des raisons mécaniques.
- Le revêtement sert à protéger la fibre optique.

Diamètre 0,25 mm Revêtement plastique

Gaine optique (Silice)

Cœur (Silice)

Diamètre 0,125 mm

La fibre optique
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- L’indice de réfraction n :
Dans un matériau transparent, l’indice de réfraction mesure la 

vitesse de la lumière par rapport à sa vitesse dans le vide

- Loi de Snell-Descartes :

v = c/n

n1sin θθθθ1 = n2sin θθθθ2

Si n1 > n2 le rayon s'écarte de la normale.
Si θθθθ1 > arcsin (n2/n1), il y a réflexion totale.

La fibre optique

n2

n1

θθθθ2

θθθθ1



4

CNAM

Cours B11 - TRANSMISSION DES TELECOMMUNICATIONS - Partie 2 - Chapitre 5

Condition de guidage dans le cœur :Condition de guidage dans le cœur :

Sinon le rayon est réfracté dans la gaine de la fibreSinon le rayon est réfracté dans la gaine de la fibre

θθθθ1 ≥≥≥≥ arcsin n2

n1

n1 (cœur)

n2 (gaine)
αααααααα

θθθθθθθθ11

n1>n2

Propagation dans la fibre optique
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Propagation dans la fibre optique

Angle d’incidence maximal à l’entrée de la fibre,Angle d’incidence maximal à l’entrée de la fibre,
soit l’ouverture du cône soit l’ouverture du cône d’acceptanced’acceptance,,
appelée ouverture numérique ON :appelée ouverture numérique ON :

ON = sinON = sin ααααααααmaxmax = = 
 
n1 sin π

2
− θ1lim

 

 
 

 

 
 = n1

2 − n2
2( )

n1 (cœur)

n2 (gaine)
αααααααα θθθθθθθθ11
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Figure 8-2  Types of fiber 

Step-index multimode fiber has an index of refraction profile that “steps” from low to high to 
low as measured from cladding to core to cladding. Relatively large core diameter and 
numerical aperture characterize this fiber. The core/cladding diameter of a typical multimode 
fiber used for telecommunication is 62.5/125 µm (about the size of a human hair). The term 
“multimode” refers to the fact that multiple modes or paths through the fiber are possible. Step-
index multimode fiber is used in applications that require high bandwidth (< 1 GHz) over 
relatively short distances (< 3 km) such as a local area network or a campus network backbone. 

The major benefits of multimode fiber are: (1) it is relatively easy to work with; (2) because of 
its larger core size, light is easily coupled to and from it; (3) it can be used with both lasers and 
LEDs as sources; and (4) coupling losses are less than those of the single-mode fiber. The 
drawback is that because many modes are allowed to propagate (a function of core diameter, 
wavelength, and numerical aperture) it suffers from modal dispersion. The result of modal 
dispersion is bandwidth limitation, which translates into lower data rates. 

Single-mode step-index fiber allows for only one path, or mode, for light to travel within the 
fiber. In a multimode step-index fiber, the number of modes Mn propagating can be 
approximated by 

 2

2n
VM =  

 
(8-4) 

 

Here V is known as the normalized frequency, or the V-number, which relates the fiber size, the 
refractive index, and the wavelength. The V-number is given by Equation (8-5) 

Types de fibres
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Fibre à saut d'indiceFibre à saut d'indice multimodemultimode

ø cœur = 100   µm

ø extérieur = 140  µm

Indice de réfraction dans le cœur nIndice de réfraction dans le cœur n11 constantconstant

ø
n1 (cœur)

n2
(gaine)

n

αααααααα
θθθθθθθθ11

La fibre optique multimode
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Fibre à gradient d'indiceFibre à gradient d'indice multimodemultimode

L’indice du cœur diminue suivant une loi parabolique depuis l’axL’indice du cœur diminue suivant une loi parabolique depuis l’axe jusqu’à e jusqu’à 
l’interface cœurl’interface cœur--gaine.gaine.

La diminution de l'indice fait que la lumière se propage plus viLa diminution de l'indice fait que la lumière se propage plus vite, ce qui te, ce qui 
réduit la dispersion intermodale.réduit la dispersion intermodale.

ø cœur = 50, 62.5 ou 85 µm

n2

n1

n

ø

ø extérieur = 125  µm

La fibre optique multimode
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PropagationPropagation multimodemultimode
On définit le paramètre V (fréquence normalisée) avec a : rayon On définit le paramètre V (fréquence normalisée) avec a : rayon du cœur (V < 2.405 si monomode)du cœur (V < 2.405 si monomode)

Le nombre de modes M est donné par :Le nombre de modes M est donné par : (approximation vraie pour  (approximation vraie pour  
un grand nombre de modes)un grand nombre de modes)

dans une fibre à saut d’indicedans une fibre à saut d’indice

Le rayon lumineux a plusieurs manières de se propager dans le cœLe rayon lumineux a plusieurs manières de se propager dans le cœur ur 
de la fibre, chaque mode ayant une vitesse de propagation proprede la fibre, chaque mode ayant une vitesse de propagation propre (vitesse (vitesse 
suivant l’axe de propagation)suivant l’axe de propagation)

V = 2πa
λ 0

n1
2 − n2

2( )

M = V 2

2

La fibre optique multimode
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Fibre à saut d’indice monomodeFibre à saut d’indice monomode

La fibre optique monomode

Sélection d’un seul mode de propagation se propageant au voisinaSélection d’un seul mode de propagation se propageant au voisinage de l’axege de l’axe

ø cœur = 9   µm

ø extérieur = 125  µm

n1

n

ø
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- La fibre multimode :
A été la première utilisée.
Est facile à utiliser (gros cœur ~ tolérances élevées) mais a une 
limitation intrinsèque de bande passante.
⇒⇒⇒⇒ Réservée aux courtes distances : réseaux informatiques.

- La fibre monomode :
A une bande passante pratiquement infinie (en théorie) mais 
requiert des composants chers et des tolérances faibles.
⇒⇒⇒⇒ Est devenue la solution universelle des systèmes de 
télécommunications.

La fibre optique multi/monomode
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• Diamètre de mode (2W0) :
– La lumière est guidée par le cœur. Mais, en monomode, une partie

importante de la puissance est transmise dans la gaine.
– Le profil de puissance lumineuse est à peu près "gaussien", id est 

en forme de cloche I=I0exp-2r2/w0
2.

– Le diamètre de mode est le diamètre de la courbe à 1/e2, soit 
environ mi-hauteur.

• C'est pourquoi l'épaisseur de la gaine est importante dans les 
fibres monomodes.

• Le diamètre de mode varie avec la longueur d’onde.

Diamètre de mode
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Le guidage du mode varie avec la longueur d’onde :
– Aux grandes longueurs d’onde le mode est guidé.
– Aux courtes longueurs d’onde, le mode est guidé mais

des modes d’ordre supérieur sont guidés aussi.
La longueur d’onde de coupure est celle au-dessus de laquelle la fibre 

devient monomode.

a = rayon du cœur

– En dessous de λλλλc le mode fondamental perd de l’énergie au profit de 
modes d’ordre supérieur.

Longueur d’onde de coupure

λ c = 2π
2,404

a.ON
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Atténuation
(dB/km)

Atténuation / Longueur d'onde
La mesure d’atténuation spectrale consiste à mesurer l’affaiblissement de la 
fibre sur une plage de longueurs d’onde.

Longueur d’onde (nm)

Ultraviolet
Hétérogénéité 

du verre

Infrarouge
Interaction 

photon atome

Interaction avec 
des ions OH3,5

0,2

0,4

850 1300 1550

Typique 1970

Typique 1990
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• La première fenêtre (0.8-0.9 µm) :
– Atténuation élevée ( ~ 3 dB/km)
– Composants très bon marché (Diodes LED)
⇒⇒⇒⇒ n’est utilisée qu’en multimode.

• La deuxième fenêtre (1.28-1.33 µm) :
– Lasers disponibles depuis longtemps et peu chers
– Atténuation raisonnable (0,33 dB/km)
– Dispersion chromatique nulle
⇒⇒⇒⇒ est encore largement utilisée.

Fenêtre de transmission
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La troisième fenêtre (1.525-1.625 µm) :
- Atténuation minimale (0,2 dB/km)
- Lasers et amplificateurs performants (mais assez chers)
- Existence de systèmes très performants (DWDM)
- Deux sous-bandes : C 1525-1565 nm, L 1565-1625 nm 
⇒ C'est la fenêtre de choix pour quasiment toutes les 
applications modernes.

On sait faire des fibres à "dispersion décalée" et même des fibres à 
"dispersion plate" entre 1,3 et 1,55 µm

Fenêtre de transmission
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Deux effets limitent la capacité de transmission : 
-Atténuation : une partie du signal, sous forme de lumière, est perdue

- Dispersion chromatique: le signal reçu est déformé par rapport au signal 
émis (dégradation) 

AtténuationAtténuation

Le signal qui se propage s'affaiblit 

DispersionDispersion

Le signal qui se propage s'élargit 
t1 t2

La fibre optique
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Au cours de la propagation dans la fibre, 
la puissance décroît selon la loi :

αααα est le coefficient d’atténuation en Neper/m.

On définit plutôt l’atténuation en dB/km :

La relation entre A et αααα est :

P z(((( )))) ==== Pine−−−−ααααz

A ==== 1
L

10log Pin

Pout

    

    
    

    

    
    

AdB/ km ==== 4,34.103ααααm−−−−1

Atténuation



18

CNAM

Cours B11 - TRANSMISSION DES TELECOMMUNICATIONS - Partie 2 - Chapitre 5

Matière 
première

Bon 
marché

Sélection

Pures, 
traitées

Ultra-pures

VERRES

BOUTEILLES

VITRES

LUNETTES

OPTIQUE

VERRES 
SODOCALCIQUES 

ou  BOROSILICATES

VERRES 
DE SILICE

ABSORPTION ABSORPTION 
en dB/km

IMPURETES IMPURETES 
Contenues 

dans le verre

1% d'énergie transmise 1% d'énergie transmise 
(dans le proche infrarouge)(dans le proche infrarouge)

sur :sur :

2.000.000

200.000

20.000

2.000

20

0,2

10kg/tonne

1kg/tonne

100g/tonne

10g/tonne

100mg/tonne

10mg/tonne

POUR FIBRES OPTIQUES

1 cm

10 cm

1 m

10 m

1 km

100 km

Atténuation
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These wavelengths were chosen because they best match the transmission properties of 
available light sources with the transmission qualities of optical fiber. 

IV.  FIBER OPTIC LOSS CALCULATIONS 
Loss in a system can be expressed as the following: 

 
Loss = out

in

P
P

 
 (8-1) 

 

where Pin is the input power to the fiber and Pout is the power available at the output of the fiber. 
For convenience, fiber optic loss is typically expressed in terms of decibels (dB) and can be 
calculated using Equation 8-2a. 

 
LossdB = 10 log out

in

P
P

 
 (8-2a) 

 

Oftentimes, loss in optical fiber is also expressed in terms of decibels per kilometer (dB/km) 

Example 1 

A fiber of 100-m length has Pin = 10 µW and Pout = 9 µW. Find the loss in dB/km. 

From Equation 8-2 

dB
9 µW

Loss   10 log   – 0.458 dB
10 µW

= =
§ ·
¨ ¸
© ¹

 

and since 100 m  0.1 km=  
 

the loss is  
–0.458 dB dBLoss(dB/km)    –4.58 km0.1 km

= =  

∴ The negative sign implies loss. 

 

Example 2 

A communication system uses 10 km of fiber that has a 2.5-dB/km loss characteristic. Find the 
output power if the input power is 400 mW. 
Solution: 
From Equation 8-2, and making use of the relationship that y = 10 

x if x = log y, 
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out

dB

in

dB out

in

Loss   10 log

Loss
  log

10

P
P

P
P

=

=

§ ·
¨ ¸
© ¹

§ ·
¨ ¸
© ¹

 

which becomes, then, 

dBLoss

out10

in

10   
P
P

=
§ ·
¨ ¸
© ¹

. 

So, finally, we have 

 dB

  

Loss

10

out in
10P P= ×  

 
(8-2b) 

 

For 10 km of fiber with 2.5-dB/km loss characteristic, the lossdB becomes 

LossdB = 10 km × (–2.5 dB/km) = –25 dB 

Plugging this back into Equation 8-2b, 

25

10(400 mW) 10 1.265 mWP
−

= × =out  

 

Optical power in fiber optic systems is typically expressed in terms of dBm, which is a decibel 

term that assumes that the input power is 1 mwatt. Optical power here can refer to the power of 

a laser source or just to the power somwhere in the system. If P in Equation 8-3 is in milliwatts, 

Equation 8-3 gives the power in dBm, referenced to an input of one milliwatt: 

 

  (dBm) 10log
1 mW

PP § ·= ¨ ¸
© ¹

 

 
(8-3) 

 

With optical power expressed in dBm, output power anywhere in the system can be determined 

simply by expressing the power input in dBm and subtracting the individual component losses, 

also expressed in dB. It is important to note that an optical source with a power input of 1 mW 

can be expressed as 0 dBm, as indicated by Equation 8-3. For every 3-dB loss, the power is cut 

in half. Consequently, for every 3-dB increase, the optical power is doubled. For example, a 

3-dBm optical source has a P of 2 mW, whereas a –6-dBm source has a P of 0.25 mW, as can 

be verified with Equation 8-3. 

Example 3 

A 3-km fiber optic system has an input power of 2 mW and a loss characteristic of 2 dB/km. 

Determine the output power of the fiber optic system. 

Solution: 
Using Equation 8-3, we convert the source power of 2 mW to its equivalent in dBm: 
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in half. Consequently, for every 3-dB increase, the optical power is doubled. For example, a 
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dBm

2 mW

Input power 10 log 3 dBm

1 mW

= = +§ ·
¨ ¸
© ¹

 

The loss

dB

 for the 3-km cable is, 

Loss

dB

 = 3 km × 2 dB/km = 6 dB 

Thus, power in dB is (Output power)

dB

 = +3 dBm – 6 dB = –3 dBm 

Using Equation 8-3 to convert the output power of –3 dBm back to milliwatts, we have 

(mW)

(dBm)  = 10 log

1 mW

P
P  

so that 

(dBm)

10

(mW)  = 1 mW 10  

P

P ×  

Plugging in for P(dBm) = –3 dBm, we get for the output power in milliwatts 

  

–3

10

 (mW) = 1 mW 10 = 0.5 mW P ×  

Note that one can also use Equation 8-2a to get the same result, where now P
in

 = 2 mW and  

Loss

dB

 = –6 dB: 

 P P
out in

Loss

dB

10

 = 10×  

or P
out

–6

10

 = 2 mW 10×  = 0.5 mW, the same as above. 

 

V.  TYPES OF FIBER 
Three basic types of fiber optic cable are used in communication systems: 

 1. Step-index multimode 

 2, Step-index single mode 

 3, Graded-index 

This is illustrated in Figure 8-2. 
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La dispersion chromatique

La dispersion se manifeste par un élargissement des impulsions au 
cours de leur propagation.

La fibre se comporte comme un filtre passe-bas.

d
Δτ



23

CNAM

Cours B11 - TRANSMISSION DES TELECOMMUNICATIONS - Partie 2 - Chapitre 5

La vitesse de propagation moyenne d’une impulsion est égale à la vitesse 
de groupe du mode fondamental. Le problème vient de ce que le temps de 
propagation de groupe varie avec la longueur d'onde. Or les sources de 
rayonnement lumineux ne sont pas rigoureusement monochromatiques.

Il y a deux causes à prendre en compte : 

– l'indice qui varie en fonction de la longueur d'onde (dispersion
matériau)
– la vitesse de groupe qui varie avec la longueur d'onde (dispersion 
guide d'onde)

Dispersion chromatique
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Dispersion chromatique
Pour une largeur spectrale ΔλΔλΔλΔλ et un coefficient de dispersion chromatique 
M(λλλλ) donnés, la valeur maximale du produit 

(débit binaire x longueur de fibre)

est :

Ordre de grandeur :
La fibre monomode normalisée G652, qui équipe 85% du réseau, a un 
coefficient de dispersion chromatique M(λλλλ)= 3,5 ps/(km.nm) dans le domaine 
spectral [1,288-1,359] µµµµm. Pour cette même fibre, à λλλλ = 1.55 µµµµm, M(λλλλ) passe à 
17 ps/(km.nm)

B.L( )max =
1

2M(λ).Δλ
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undetectable. If an input pulse is caused to spread such that the rate of change of the input 
exceeds the dispersion limit of the fiber, the output data will become indiscernible. 

 

Figure 8-4  Intersymbol interference 

Dispersion is generally divided into two categories: modal dispersion and chromatic dispersion.  

Modal dispersion is defined as pulse spreading caused by the time delay between lower-order 
modes (modes or rays propagating straight through the fiber close to the optical axis) and 
higher-order modes (modes propagating at steeper angles). This is shown in Figure 8-5. Modal 
dispersion is problematic in multimode fiber, causing bandwidth limitation, but it is not a 
problem in single-mode fiber where only one mode is allowed to propagate. 

 

Figure 8-5  Mode propagation in an optical fiber 

Chromatic dispersion is pulse spreading due to the fact that different wavelengths of light 
propagate at slightly different velocities through the fiber. All light sources, whether laser or 
LED, have finite linewidths, which means they emit more than one wavelength. Because the 
index of refraction of glass fiber is a wavelength-dependent quantity, different wavelengths 
propagate at different velocities. Chromatic dispersion is typically expressed in units of 
nanoseconds or picoseconds per (km-nm). 

Chromatic dispersion consists of two parts: material dispersion and waveguide dispersion. 

 ∆tchromatic = ∆tmaterial + ∆twaveguide  (8-9) 
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Une des causes de l’élargissement d’une impulsion est la dispersion 
intermodale. L’énergie lumineuse injectée à l’entrée de la fibre est répartie 
entre différents modes.

Les différents modes se propagent dans le cœur avec la vitesse :
vm : composante suivant l’axe 

de propagation de la vitesse 

mode le plus lent : θθθθ = θθθθlim, alors vmin = c/n1.sin θθθθlim
mode le plus rapide : θθθθ = ππππ/2 alors vmax = c/n1

après un trajet d’une distance L, le décalage est :
pour une fibre à saut d’indice.

 
νm = c

n1

sin θm

 
Δτ = L

c
n1 n1 − n2( )

n2

Dispersion intermodale
θm

L/sinθm

L
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Bande passante des fibres
Fibres monomodes

Fibres multimodes à saut d'indice

Fibres multimodes à gradient d'indice

B = 0,35
M(λ).Δλ.L

B = B0

Lγ

B = 1
L2γ

B0
2 +

M2(λ).Δλ2.L2

0,352

ΔλΔλΔλΔλ, B0 et γγγγ sont fournis par le constructeur
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• La technique de câblage la plus utilisée aujourd’hui est le tube. Un 
câble typique est représenté :

• La fibre est  posée en long dans des tubes remplis d’une gelée de 
pétrole, qui la protège de l’humidité. De nombreux types de câbles 
peuvent être réalisés par assemblage de ces tubes.

Câblage

Fibres
Tube rempli de gelée
Elément porteur
Renforcement mécanique

Gaine extérieure Polyéthylène
Matériau absorbant l’humidité



31

CNAM

Cours B11 - TRANSMISSION DES TELECOMMUNICATIONS - Partie 2 - Chapitre 5

• La technique de base utilisée pour l’épissurage est la soudure par arc 
électrique. Des connecteurs sont utilisés seulement dans les terminaux.

• De nombreux modèles commerciaux de soudeuses existent sur le marché, 
elles se groupent en deux types principaux :
– Les soudeuses passives : les fibres dénudées sont placées dans des «V» 

de positionnement fixes. La qualité dépend alors beaucoup :
• De la précision du diamètre extérieur
• De la concentricité cœur/fibre

– Les soudeuses actives, où les «V» de positionnement sont mobiles et leur 
position ajustée pour optimiser le positionnement du cœur (en général 
par injection/détection)

• Dans les deux cas, la qualité de la soudure dépend beaucoup de la coupe, de 
la propreté de la fibre et de l’état de la soudeuse.

Raccordement
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Performances actuelles :
Les fibres monomodes qui satisfont aux spécifications de l’UIT ont un 

coefficient de dispersion maximum D de 3,5 ps/(km.nm), à λλλλ = 1,3 µµµµm pour la 
fibre G652 ou à λλλλ = 1,55 µµµµm pour la G653 (fibre à dispersion décalée).

Si la source a une largeur spectrale ΔλΔλΔλΔλ de l’ordre de 0,5 nm, on obtient le 
produit (débit binaire)x(longueur de fibre) :

Transmission à environ 10 Gbit/s pour des distances de 50 à 100 km 
entre régénérateurs

  
BL( )

max
= 1

2DΔλ
≈ 570 Gbit / s

Transmission sur fibre optique 
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A.  Time-Division Multiplexing (TDM) 
In time-division multiplexing, time on the information channel, or fiber, is shared among the 
many data sources. The multiplexer MUX can be described as a type of “rotary switch,” which 
rotates at a very high speed, individually connecting each input to the communication channel 
for a fixed period of time. The process is reversed on the output with a device known as a 
demultiplexer, or DEMUX. After each channel has been sequentially connected, the process 
repeats itself. One complete cycle is known as a frame. To ensure that each channel on the input 
is connected to its corresponding channel on the output, start and stop frames are added to 
synchronize the input with the output. TDM systems may send information using any of the 
digital modulation schemes described (analog multiplexing systems also exist). This is 
illustrated in Figure 8-15. 

 

Figure 8-15  Time-division multiplexing system 

The amount of data that can be transmitted using TDM is given by the MUX output rate and is 
defined by Equation 8-16. 

 MUX output rate = N × Maximum input rate  (8-16) 
 

where N is the number of input channels and the maximum input rate is the highest data rate in 
bits/second of the various inputs. The bandwidth of the communication channel must be at least 
equal to the MUX output rate. Another parameter commonly used in describing the information 
capacity of a TDM system is the channel-switching rate. This is equal to the number of inputs 
visited per second by the MUX and is defined as 

 Channel switching rate = Input data rate × Number of channels  (8-17) 
 

Example 6 

A digital MUX operates with 8 sources. The rate of data in each source is 1000 bytes/s. Assume that 
8-bits-per-byte data is transmitted byte by byte. 
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Figure 8-17  Wavelength-division multiplexing 

Table 8-3  ITU GRID 

Center Wavelength – nm Optical Frequency  1546.92 193.8 
(vacuum) (THz)  1547.72 193.7 
1530.33 195.9  1548.51 193.6 
1531.12 195.8  1549.32 193.5 
1531.90 195.7  1550.12 193.4 
1532.68 195.6  1550.92 193.3 
1533.47 195.5  1551.72 193.2 
1534.25 195.4  1552.52 193.1 
1535.04 195.3  1553.33 193.0 
1535.82 195.2  1554.13 192.9 
1536.61 195.1  1554.93 192.8 
1537.40 195.0  1555.75 192.7 
1538.19 194.9  1556.55 192.6 
1538.98 194.8  1557.36 192.5 
1539.77 194.7  1588.17 192.4 
1540.56 194.6  1558.98 192.3 
1541.35 194.5  1559.79 192.2 
1542.14 194.4  1560.61 192.1 
1542.94 194.3  1561.42 192.0 
1543.73 194.2  1562.23 191.9 
1544.53 194.1  1563.05 191.8 
1545.32 194.0  1563.86 191.7 
1546.12 193.9    
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Cabling Example 

Figure 8-19 shows an example of an interbuilding cabling scenario 

 

Figure 8-19  Interbuilding cabling scenario (Courtesy of Siecor) 

 

XII.  FIBER OPTIC SOURCES 
Two basic light sources are used for fiber optics: laser diodes (LD) and light-emitting diodes 
(LED). Each device has its own advantages and disadvantages as listed in Table 8-4. 

Table 8-4  LED Versus Laser 
Characteristic LED Laser 

Output power Lower Higher 
Spectral width Wider Narrower 
Numerical aperture Larger Smaller 
Speed Slower Faster 
Cost Less More 
Ease of operation Easier More difficult 
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makes light coupling into single-mode fiber difficult due to the fiber’s small N.A. and core 
diameter. For this reason LEDs are most often used with multimode fiber. LEDs are used in 
lower-data-rate, shorter-distance multimode systems because of their inherent bandwidth 
limitations and lower output power. The output spectrum of a typical LED is about 40 nm, 
which limits its performance because of severe chromatic dispersion. LEDs operate in a more 
linear fashion than do laser diodes. This makes them more suitable for analog modulation. 
Figure 8-22 shows a graph of typical output power versus drive current for LEDs and laser 
diodes. Notice that the LED has a more linear output power, which makes it more suitable for 
analog modulation. Often these devices are pigtailed, having a fiber attached during the 
manufacturing process. Some LEDs are available with connector-ready housings that allow a 
connectorized fiber to be directly attached. They are also relatively inexpensive. Typical 
applications are local area networks, closed-circuit TV, and transmitting information in areas 
where EMI may be a problem. 

 

Figure 8-22  Drive current versus output power for LED and laser (Courtesy of AMP, Inc.) 

Laser diodes (LD) are used in applications in which longer distances and higher data rates are 
required. Because an LD has a much higher output power than an LED, it is capable of 
transmitting information over longer distances. Consequently, and given the fact that the LD has 
a much narrower spectral width, it can provide high-bandwidth communication over long 
distances. The LD’s smaller N.A. also allows it to be more effectively coupled with single-mode 
fiber. The difficulty with LDs is that they are inherently nonlinear, which makes analog 
transmission more difficult. They are also very sensitive to fluctuations in temperature and drive 
current, which causes their output wavelength to drift. In applications such as wavelength-
division multiplexing in which several wavelengths are being transmitted down the same fiber, 
the stability of the source becomes critical. This usually requires complex circuitry and 
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XV.  FIBER OPTIC DETECTORS 
The purpose of a fiber optic detector is to convert light emanating from the optical fiber back 
into an electrical signal. The choice of a fiber optic detector depends on several factors 
including wavelength, responsivity, and speed or rise time. Figure 8-30 depicts the various types 
of detectors and their spectral responses. 

 

Figure 8-30  Detector spectral response 

The process by which light is converted into an electrical signal is the opposite of the process 
that produces the light. Light striking the detector generates a small electrical current that is 
amplified by an external circuit. Absorbed photons excite electrons from the valence band to the 
conduction band, resulting in the creation of an electron-hole pair. Under the influence of a bias 
voltage these carriers move through the material and induce a current in the external circuit. For 
each electron-hole pair created, the result is an electron flowing in the circuit. Typical current 
levels are small and require some amplification as shown in Figure 8-31. 

 

Figure 8-31  Typical detector amplifier circuit 
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Figure 8-32  Fiber optic loss budget 

 

B.  Bandwidth and Rise Time Budgets 
The transmission data rate of a digital fiber optic communication system is limited by the rise 
time of the various components, such as amplifiers and LEDs, and the dispersion of the fiber. 
The cumulative effect of all the components should not limit the bandwidth of the system. The 
rise time tr and bandwidth BW are related by  

 BW = 0.35/tr  (8-22) 
 

This equation is used to determine the required system rise time. The appropriate components 
are then selected to meet the system rise time requirements. The relationship between total 
system rise time and component rise time is given by Equation 8-23 

 2 2 2 1/ 2
s r1 r2 r3(  )t t t t= + + + "   (8-23) 

 

where ts is the total system rise time and tr1, tr2, ... are the rise times associated with the various 
components. 

To simplify matters, divide the system into five groups: 
1. Transmitting circuits (ttc) 
2. LED or laser (tL) 
3. Fiber dispersion (tf) 
4. Photodiode (tph) 
5. Receiver circuits (trc) 
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The received power at the detector is a function of: 

1. Power emanating from the light source (laser diode or LED)—(PL) 
2. Source to fiber loss (Lsf) 
3. Fiber loss per km (FL) for a length of fiber (L) 
4. Connector or splice losses (Lconn) 
5. Fiber to detector loss (Lfd) 

The allocation of power loss among system components is the power budget. The power margin 
is the difference between the received power Pr and the receiver sensitivity Ps by some margin Lm. 
 Lm = Pr – Ps  (8-20) 
 

where Lm is the loss margin in dB 

  Pr is the received power 

  Ps is the receiver sensitivity in dBm 

If all of the loss mechanisms in the system are taken into consideration, the loss margin can be 
expressed as Equation 8-21. 

 Lm = PL – Lsf – (FL × L) – Lconn – Lfd – Ps  (8-21) 
 

All units are dB and dBm. 

Example 8 

A system has the following characteristics: 

LED power (PL) = 2 mW (3 dBm) 

LED to fiber loss (Lsf) = 3 dB 

Fiber loss per km (FL) = 0.5 dB/km 

Fiber length (L) = 40 km 

Connector loss (Lconn) = 1 dB (one connector between two 20-m fiber lengths) 

Fiber to detector loss (Lfd) = 3 dB 

Receiver sensitivity (Ps) = –36 dBm 

Find the loss margin. 

Solution: 
Lm = 3 dBm – 3 dB – (40 km × 0.5 dB/km) – 1 dB – 3 dB – (–36 dBm) = 12 dB 

This particular fiber optic loss budget is illustrated in Figure 8-32, with each loss 
graphically depicted. 
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because most systems use separate fibers to carry signals in each direction, so it matters which 
fibers are connected. One simple type of duplex connector is a pair of SC connectors, mounted 
side by side in a single case. This takes advantage of their plug-in-lock design. 

Other duplex connectors have been developed for specific types of networks, as part of 
comprehensive standards. One example is the fixed-shroud duplex (FSD) connector specified by 
the fiber distributed data interface (FDDI) standard (see Figure 8-34). 

 

Figure 8-34  FDDI connector 

D.  Fiber Optic Couplers 
A fiber optic coupler is a device used to connect a single (or multiple) fiber to many other 
separate fibers. There are two general categories of couplers: 

• Star couplers (Figure 8-35a) 

• T-couplers (Figure 8-35b) 

 

 

(a) (b) 

Figure 8-35  (a) Star coupler  (b) T-coupler 
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 (Courtesy of DiCon, Inc.) 

Figure 8-38  8-channel WDM 

Erbium-doped fiber amplifiers (EDFA)—The EDFA is an optical amplifier used to boost the 
signal level in the 1530-nm to 1570-nm region of the spectrum. When it is pumped by an 
external laser source of either 980 nm or 1480 nm, signal gain can be as high as 30 dB 
(1000 times). Because EDFAs allow signals to be regenerated without having to be converted 
back to electrical signals, systems are faster and more reliable. When used in conjunction with 
wavelength-division multiplexing, fiber optic systems can transmit enormous amounts of 
information over long distances with very high reliability. 

 

Figure 8-39  Wavelength-division multiplexing system using EDFAs 

Fiber Bragg gratings—Fiber Bragg gratings are devices that are used for separating 
wavelengths through diffraction, similar to a diffraction grating (see Figure 8-40). They are of 
critical importance in DWDM systems in which multiple closely spaced wavelengths require 


