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Lecture 6: Optical Components

Introduction to optical networks

A Unidirectional transmission

A Bidirectionaltransmission
The same fiber used to carry out traffic in both propagatioections

Advantages
It is achieved an optimization of optical fiber bandwidth and cost savings oyikide

Disadvantages:

a) Speciatomponents (circulator) are needed for separating the transmission
directions

b) Most EDFAs have internal insulators that prevent bidirectional transmission
c) Crosstalk from nonlinear effects
d) Complex implementation of restoration and protectischemes

Setting upigthpathsalong fiber optic links and nodes supporting traffic from a variety
of client layer: ATM, IP, In the opticallayer, comprises:

I Optical transmission medium

I OLT, opticdine terminal equipment
OADM, opticahdd / dropmultiplexer for inserting or removing optical channels

I OXC, opticalrossconnect
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Lecture 6: Optical Components

Optical transmission medium

Core and cladding diameters (um)
Attenuation coefficient (dB/km)

Dispersion coefficient Opg km-nm)
Differential Dispersion coefficienpgkm.nm?)
PMD parametergskm?/2)

Minimum dispersion wavelength (um)
Cutoff wavelength(um)

Nonlinear refractive index

Modal field diameter / effective area (um)

when choosing an

Parameters to considerq
optical fiber

©O OO0 OO OO0 O Oo

Band descriptors defined by ITU to operate in minimum loss spectral region

Spectiakange(nm)

@) Original 1260¢ 1360
E Extended 1360¢ 1460
S Short 1460¢ 1530
C Conventional 1530¢ 1565
L Long 1565¢ 1625
U Ultra-long 1625- 1675
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Optical transmission medium

Standard Singl&ode Fiber SSMF

b Represent®5% of installed outside plant (> 100 millikm)
b Standardized by ITG.652 recommendation

b Usedfor transmissiorwithin the spectrakange1260- 1675nm, exceptE
andS bands

b Presents high dispersion betwe&b30- 1675 nmspectral region
It requires dispersion compensatidor longdistances

TypicalDispersiorprofile

Main applications A
A Operation at 1310 nm in E .
CAT\and MAN networks E :
o i
A Operation at 1550nm over g 4 |
) o :
long distances 2 | >
3 1310nm 1550nm '
()]
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Optical transmission medium

DispersionShifted Fiber DSF

b

Bya geometric modification of the refractive index profile the
minimum dispersion wavelength is shifted from 2nd to 3rd
communicationsvindow

Lossslightly higher than SSMF (0.25 dB / km @ 1%%0)

Not suitable for WDM since D =&/ km-nmand smallA.
increases nonlinear effectonsiderably

Forexample, the effective area is typically lower than 402um

Suitablefor singlechannel systems. TypicalDispersiomrofile

-— - L"
L 3 4
.

+* 1310nm

=
-

Dispersion(ps km-nm)
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Lecture 6: Optical Components

Optical transmission medium

Non-ZeroDispersionFiber NZDSF

L Low dispersioDin 39 window but not negligible

L Dispersion caie positive omegative, andsign to get a zero
total dispersion using the concept of dispersimanagement

b Standardizedy ITUG.652 recommendation

Applications:
A high-speedcommunications and long distancestworks
A Not suitable for transmission at 13xn

TypicalDispersionprofile
A Availablefor DWDM technology IP g e

— A -

é 18 o®

a4 .

R v :

g Lot . NZDSF+
[ O |

(@) -

8 1

%) 1310nm

a *° 1550nm NZDSH
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Lecture 6: Optical Components

Opticalline terminalequipment, OLT

A OLTs takeare of multiplexing andemultiplexingmultiple wavelengths (or optical
channels) on the samfger

A Theyareusedin pointto-point or in the terminal stage of think

A They are built from relativelgimple elements, mainly composég multiplexer
devices, wavelength convertergsgnsponder/repeatersiand optical amplifiers

OpticalNode OLTtunction

I 11213

| 3

O/E/O

) (transponde)
Client

protocols

< I

Signalsnanagedn Signalsnanagedn
electricaldomain opticaldomain

/
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Opticalline terminalequipment, OLT

A OTL presents adaptation functions: the wavelength conversion according to
standardsset by the Internationalelecommunications UniofhTU)

A Transponders may adatlditional overhead for purposes of network
management

A The adaptation function iypically donethrough an opticaito-electricatto-
optical (O/E/O)xonversion

L the adaptationcan be enablednly inthe incoming direction

A Thesignal coming out of a transponder is multiplexed with other sigatals
different wavelengths using a wavelengthultiplexer

A It exists technological options to implement mdemux Fabry-Perot filters,
arrayedwaveguidegratings dielectricthin-film filters, or fiber Bragggratings

A OLT can be terminated withn optical supervisory chann@DSon a separate
wavelength tomonitor the performance oamplifiers

/
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Opticalline terminalequipment, OLT

Optical Multiplexers

A Thefunction of the multiplexer is to couple two or more wavelengthshie
same optical fiber

(the demultiplexeiis responsible for performing the inverse operation, to separate the
various wavelengthsomprising thaVDM signal from an optical fiber

A Multiplexerrequirements
Lowinsertionlosses

Independentiosses of the polarizatiostate
Steep skirtgreduce crosstalk)

Flatpassbandgprevent a reduction in bandwidtim cascaded stageajd insensitive
to temperaturevariations

Inexpensive devices

ot o ot o

o

A Technologicabptions considered for the implementation ofultiplexers are
considering in the following devices.

e
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Optical line terminal equipment, OLT

Fabryc Perotfilters

A FPfilter isadielectricresonantcavity (etalon), formed by two highly reflective
mirrors placedparallel to eaclother.

A It has been usetbr WDMapplications althoughhere are better filtersnowadays

Mirror 1 Mirror 2 t; :transmission
(ty, rp) (t,, 1) coefficient(field)
E, r; :transmission
E . coefficient(field)
——— u

o |: cavitylength
000 yieng

n: refractiveindexof
_ 0011 0 the cavity

Theelectricfield at the output isthe sum ofsuccessivéransmittedfields

0 O 00Q (p 11 0Q i1 Q E)
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Optical line terminal equipment, OLT

Consideringhe associategeriodic Transfer

FunctionT {):

o |© (p 0

o 5]
bV T¥ Osgyy

WhereR=]r,| 2, Atakesinto accountintracavity
losseqdefinedin power) andit is definedas:
A= E(R+T)

NormalizedTransferfunctiion T(f)

Theperiodeis definedthroughthe parameterFSR
or free spectralrange 0

v 0 1 2 3 4

LAY o L] w
oYy CE G Normalizedfrequency f/[FSR

/
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Optical line terminal equipment, OLT

There areseveralparametersto evaluatethe performanceor quality of a FHilter
(assumingmirrorsreflectivityisnearR 1):

1) FWHM Fultwidth at half maximum

. | e
R ¢ IR o IO v
Ow Ov ?AOAG&%LX)
¢ € d V'Y FWH

2) FinesseF
oYY “VY
Ow™00 p Y
A Channelselection
) FSR X ) FSR .
Channels ‘ ] Channels r ”

Ban

band

>

>

Bbandwidth  frequency Bbandwidth frequency

A

A

It mustbe satisfiedB< FSFotherwisecrosstalk

/
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Optical line terminal equipment, OLT
Filtersbasedon Bragggratings

A These devices are based on the effBcagg effect acting as selective wavelength
reflective mirrors

A They are builby inserting a diffraction grating in the fiber (Bragating)

b A pattern is written irthe core of theaccording to grestablishedoeriodic variation of
the refractiveindex

b Whenlight propagates through thipattern, thewavelength satisfying Bragg condition
reflects while the remaining wavelengths continue their propagation along the fiber

Transmittedand
Reflectedwavelength

Refractiveindex A

profile
n@ 1
n+Dn
Ny
n-Dn

Braggcondition
0 > | 5= 2nlLg

wavelength
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Optical line terminal equipment, OLT

A Filtersbasedon Bragggratings

A They are usually combined with optical circulators to operate as opticatieujul
multiplexers

A Although insertion loss is negligible, it increases up3aB when they are
configuredasOADM dueo the inclusion otirculators

A Channel spacingf 100 GHz and 58re achieved, keeping a laadjacent
channelcrosstalk

Otheradvantages
I Easycoupling to otheffibers
I Insensitivity to polarization loss
I Reduced cost
I Activecontrol oftemperature not required

A In the design of an OADM, it is important to consither passband narrowing
after propagating along @ADM cascaded stages (crosstalk and losses)

A OADMdevice manipulates only the extracted signals without affecting those
which traversing the node, thereby reducing undesirable effects.

[;
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A N
Droppingachannein a WDM system ”
- Bragggrating v 1 ~
wavelength tunedat| 5 wavelength
G|

A Thereflection spectrumis obtainedasthe Fouriertransform
of the indexdistribution

A Thebandwidthis inverselyproportionalto the length of the
grating(afew millimeterslongprovidesa bandwidth~1 nm)

b

wavelength

WA e LA, MMM

Wavelgngth tunedat| 4 wavelength

wavelengtﬂ

V Add/Drop function basecbn l\
Braggfiber gratings _
— éength (Also availablea couplerbased wavelength

solutionreplacing2nd cirtulator)

—/
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Optical line terminal equipment, OLT

ThinFilm milticavity Filters

A Amultilayerdielectricthin film filters (TFF) is based orFabryPerot interferometer consisting
of multiple cavities surrounded by multiple reflective dielectric thin film layers

A This device acts asbandpasdilter where a particular wavelength passes through and the
rest are reflected is determined by thengthof eachcavity

A The filter response is determined by the number of cavities: as the number increases the to
of the passbandecomes flatter and the skirts become steeper

>

Dielectriclayersactingas
selctivewavelengthmirrors

Glass

Substrate .
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Optical line terminal equipment, OLT

Implementation as a multiplexer’ demultiplexer.

A Presencef lenses with graded refractive index for confining and directing at a
certain angle the signal to the nefiiter

A Each filter allows a specific range of wavelength of light to pass through to reflect
the rest to the next filter in the cascadarangement

Main features:

Efficientconfiguration: access only to channtsbe removed and inserted without
affectingthe rest of the wavelengthgassing through

FlatPassbandandvery steepskirts

Stabilityto temperaturevariations

Low losses

Insensitiveto the signal polarization

Eachextracted wavelengtlirom the WDM signal is injected into a separétser
Passivenature makes them especiallygeful in distribution network (cost saving)

e
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Optical line terminal equipment, OLT

Arrayedwaveguidegratings AWGS

Arrayed
waveguides

coupler coupler

—_

‘ A ——

) >

>

S — —

AWGoperatingas AWG isa generalization of the
ademultiplexer Mach-Zehndeiinterferometer
A It consist of two couplers interconnected by an array of waveguides

A Two copies of the same signal [ltifted in phaseby different amounts are added together

AWGSs can be used as ah & wavelengthmultiplexers: an ninput, 1-output device where
the n inputs are signals at different wavelengths that are combined onto the single output

>\

A Demultiplexingis performed by the inverse of this functionl(l wavelengths)

/
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Optical CrossconnectsOXC

B A A B
|A’|A|3A’|A |1,|2,|3,|4

2 4

FiberA FiberA

LA B |51 A

B 1 320 g

L5125 T Ty

FiberB FiberB

Fixed Optical crossconnect Static wavelentgh switch routes signals
from aninput port ro an output port on basisa predesignedassignmet

w:gvsa'snu
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Introduction to optical components

A Passive optical devices act on signals propagating through them. Among the various
functions they perform are not included the generation, transmission, amplification and
optical detection

A Matrix formalism is used for describing polarization phenomena and applications. There
severalmethodes

I For devices which are not affected by the polarization state of the signal (not alter the
state of polarization with respect to the signal input):

A Scattering matrix relates outgoing fields with incoming electrical fields

A Transfer matrix relates incoming and outgoing fields of an even number of ports
on the left side of the optical component with the incoming and outgoing fields of
an even number of ports on its right

I JonesMatrix describes the change or modification of the optical signal polarization
state when an optical signal goes through an optical device

A It is used in polarizers, polarization rotators, wave retarders, isolators, or
polarization splitters and combiners

A'| Itis very common the use of parameters expressed in dB from manufacturers datasheet:
which provide information about the power distribution among different ports

Optical Communication Systems and Networks
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Optical pasiveComponents
COUPLERS/COMBINERS

Evanescenfield
coupling

ak (2) Q_ acosCz) jsencz)pak (0)§
E:%z(z)g_ Eﬁser(cz) cos(2) @%2(0@

éEl(Z)ﬁzég/l- k jvk 04E(0)o
g%(z)ﬁ Eivk V1-k &E;%@@

ﬁ Optical Communication Systems and Networks

Systemof coupledlinear
differential equations

d .
P JOE .,
d .
—dEZz - - ]szz +C,.F

¢; = couplingcoefficient
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OpticalpasiveComponents
COUPLERS/COMBINERS

Opticalcouplerresponse

C Ca
3|

Incomingenergyfrom M=2 input
waveguidess distributedinto N=2
outputwaveguides

R(0) R(L) =P,
P(0) R(L)=P,

OPTICAL COUPLER 5o

M=23 N=2 il

U TT

Normalizeddistance

/
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OpticalpasiveComponents
COUPLERS/COMBINERS

There are different technological options to implement combiners.
The most usual are:

-Based on optical fibers
- Fusion

- Polishing @wﬁ@ﬁ

Operationprinciple:
-Based on integrated optics  evanescenfield o modalinterference

- Deposition coupling

- lonic-exchange
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OpticalpasiveComponents
COUPLERS/COMBINERS

Pin (1) I:)out (4)
Port1 e > * Port 4
; Schematic
coupler 2x2
Port 2 e— -~ > * Port 3
5 P
Pi, @ out (3)
(negligible ideally)
Insertion Loss loss experimented by the signal ExcesslLoss ratio of total power at all output
when it propagates according to a particular ports with respectto the input power.
configurarioninput-output ports
eP L. = dB) =10log(g) = 10Iog(\?—P1 )
— — pll e E - - e
L, =L (dB) =10loge, ) &R +P,)
esu
Couplingparameter. providesinformation about Directivity representsthe power fraction at the
how power is distributed amongoutput ports input port which is backpropagated to other
input ports -
epP, g
=R D(dB) =10l0gg2 §
R+F éha
-
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OpticalpasiveComponents
COUPLERS/COMBINERS

Directional Coupler M x N Coupler N x N
l-"-"-"-"-"-"-"'i
: :
Ly Lidzi a 6} 7t 4 ox ERS o :
N — h dzi LJdzu a == QU :
—spiEi — : i
MInputs | e —p N Outputs i X :
— : :
MxN T '

NxNcouplerbuilt from log,N
stagesof elemental 2x2ouplers

Input power is distributed equally through all output ports (excess loss negligible)

Output power= Input power/N i excess loss B | L=lysHe
L, . (dB) =- 1OIog%

D..(dB) = - 10Iog%

Uniformity ‘ U=L . L m g P
i

Distributionloss

_ 1
L. .(dB) =10logg= - 10log Flp L4, (dB) =- 10log N
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OpticalpasiveComponents
MULTIPLEXERS/DEMULTIPLEXERS

MULTIPLEXOR

— |+,
DEMULTIPLEXOR
— I 2

Multiplex/demultiplexfunctionscan bealsoperformedby filter technology(FRFabry
PerotFilters AWGArrayedWaveguideGratings TFMFThinFilmmultilayerFilterg

—/
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Passive components acting on polarization state
Polarizers

Allows the propagation of the linear polarization component of the electric field
aligned in the direction of its transmitting axis, blocking the propagation of the
orthogonalcomponent

Technologicabptions:

1. Absorptionor selectiveloss
2. Selectivaeflectionin isotropicmaterials
3. Selectivaefractionin birefringentmaterials

In practice,the orthogonalpolarizationis not completelysuppressednd the passing
polarization component (parallel to the optical axis) suffers losses,unlike an ideal

olarizer
P - ,
Operatingparameters A v T
o S . = ‘
InsertionLoss 0(Q9 pmu¢e g€~ §) §
U X

CA

Ca

Extinctionratio: Y (Q9 pmé Sé
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Passive components acting on polarization state

Waveretarder:

Introducesa relative phaseshift G (phaseretardation) between the horizontal and
verticalstatesof the electricfield

Theyare implementedby usingbulk optics (anisotropicmedia) birefringentfilms with
a thiknessd with a particularrefractiveindexny, for horizontalpolarization(slow axis),
andadifferent refractiveindexn, for verticalpolarization(fast axis) Then:

c“’\ \ ey s\ N 7 ,"\n‘3'?‘-
3 — (¢ £ ) Yi OEi Q00 Ve wWQ

Vgl

Quarterwaveretarder

WhenG=p/2, the initial linearly polarized signal (at 45° with respect to x axes) is
transformed to a lefthand circular polarization

Halfwave retarder

WhenG=p, theinitial linearly polarizedvaveforming 45° with x axigs convertedto
anotherlinearlypolarizedwaveforming -45° with x axis jpolarizationrotation 90°)

e
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Passive components acting on polarization state

Waveretarder:

Introducesa relative phaseshift G (phaseretardation) between the horizontal and

verticalstatesof the electricfield

Theyare implementedby usingbulk optics (anisotropicmedia): birefringentfilms with
a thiknessd with a particularrefractiveindexny, for horizontalpolarization(slow axis),
andadifferent refractiveindexn, for verticalpolarization(fast axis) Then:

3 C_%E € )

Y polarizer

NN

retarder

4
|

polarizer

=
____-_____=____.—__-_=-—.—b
=

ey s\ [T 7w NN e 3'?'!
YI OE1T A Q0D ®e 0 1Q

Vgl

Transmittance

P 2p 3p 4p
RetardationG

Aplication: Intensity control
A waveretarder+ 2 polarizers
(crossedconfig)

Optical Communication Systems and Networks
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Passive components acting on polarization state

PolarizationRotators

A polarization rotator producesa rotation of the polarization plane of a linearly
polarizedwaveby afixed angleq, maintainingthe linearlypolarizedproperty.

It is required materialsin which a magneticfield B producesthe rotation of the
polarizationdirection of linearlypolarizedwave Thispropertyis calledFaradayeffect.

— w0

where V is the Verdet constantand its value dependson the material used (n, refractive
indexand g magnetoopticalrotation coefficien) andwavelength

Materials with
” W Faradayeffect:

-

Terbiumgalliumgarnet
(TGG)terbiumaluminum
garnet(TbAIG, and
yttrium iron garnet(Y1G.

—

Bismuthgarnets(GdBiG
andTbBilG areusedin
1550nm

Polarizatiorrotation in amadiumexhibitingthe Faradayeffect

/
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Passive components acting on polarization state

Opticallsolator:

Transmitdigth in only one direction, preventingreflectedlight from returning

backto the source

I:)in Pout
—> —>
Port 1 e— —_— —=e Port 2
<--- -
. POUt P|n
(ideally 0)

Diagram of an Optical isolator

Insertion Loss considerghe powerlosswhen
light propagationisin the direction (1A 2) :

é I:?n(l) 6
L, (dB) =10l0g, & "
g out(2) =+

Isolation ratio, provides the ratio between the
power transmitted through port 1 when optical

power is introduced in port 2:

é‘ I:)in(2) 6
| (dB) = 10Iogloae—8
(; ouf(l) —

Optical Communication Systems and Networks
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Passive components acting on polarization state

Opticallsolator:

Transmitted
wave

. 45°

Y PolarizerB

FaradayRotator

//////

v
Q Vi

Reflected
wave

, 45°

Y PolarizerA

HHH”H | .

II||||||||||||| transmitted
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OpticalpasiveComponents
OPTICAL ATTENUATORS

A Reducethe power level at their
entrance Fixedattenuator

A Allow to adjust properly power
levels at the optical devices

input ports for a correct
performance

A Canprovide a fixed or variable Variableatt i
attenuation ariableattenuator

Fixedvariable attenuatorsby
transversabr longitudinal
desplacement
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