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Fig. 10.1 Implementatiori of a typical WDM network containing various types of optical
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Table 10.9 Representati

ve operational parameter values Jor a typical VOA

- Specification
Insersion loss <18dB
— _‘m' ET L AW > 15dB (o 60 4B possible) | 2 1 Hue it 0
: PDL @ 25 @B anenustion <03dB
= T Maximomroptica] power perchannel ” : tfr:u‘-;.:::.:_*’yl SOxﬁV{{xxpgb'"SOOEW' Jssible) ,ggf:T
O;Dﬂ return joss >42dB

~ V'.hﬁ_l wzvelengths are added, dropped, or routed in a WDM system, a VOA can manage the optical power
{mcmations of these wavelengths and other simultaneously propagating wavelength signals. Table 10.9 shows

S:zac/vwmmh’c operational parameter values for a VOA.
.8.3 Tunable Optical Filters

Tunable optical filters are key components for dense WDM optical networks. Two main technologies to
mzke 2 tunable filter are MEMS-based and Bragg-grating-based devices. MEMS actuated filters have the
advantageons characteristics of a wide tuning range and design flexibility. One such filter is a tunable variation
oz the classical structure that has been used widely for interferometer applications. The MEMS-based device
consists of two sets of epitaxially grown semiconductor layers that form a single Fabry-Perot cavity. The
device operation is based on allowing one of the two mirrors to be moved precisely by an actuator. This enables a
chznge In the distance between the two cavity mirrors, thereby resulting in the selection of different wavelengths
0 be filtered (see Sec. 10.5). ' : ,
Fiber Bragg gratings are wavelength-selective reflective filters with steep spectral profiles, as shown in
Fiz 10.34. Tunable optical filters based on fiber Bragg gratings involve a stretching and relaxation process of
the spacing in the fiber grating, that is, in the periodic variation in the refractive index along the core. Since
glzss Is 2 slightly stretchable medium, as an optical fiber is stretched with the grating inside of it, the spacing
of the index perturbations and the refractive index will change. This process induces a change in the Bragg
wzvelength thereby changing the center wavelength of the filter. Before it is stretched, the center wavelength

0

Reflectivity (dB)

1551 1552 1553 1554
Wavelength (nm) '
Fig. 10.34 Example of the reflection band and steep spectral profiles for a 50-GHz fiber
Bragg grating filter
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e effective index of the fiber cop i, ‘

» N,
. ion of the grating- When elongating the fiber grag;
a , Ae-

is th
S =2\ where He
2. of a fiber Bragg grating filter 1S given by A - Ll i
e grati i riod of the index va

the grating and A (lambda) is the penot™ = . " o cent
by a distance' AA, the corresponding chang¢ st
can be made for the S-, C-, and L-bands and for op e '

The stretching can be done by thermo-mechanie?~ 1 diﬂ'crcntial-cxpanSion element t_hat changes it
10.35. The thermo-mechanical methods might use # i bar changes its length more with temperature
shz;pe as its temperature varies. In the figure the high-expansion b L longih variations in the fiber grating. This
than the low-expansion frame, thereby leading to temper'aFure-mduce L ed tuning range. e plezodlectrie
method is inexpensivé but it is slow, takes time to stabilize, andhasal "\ Although this method provides
technique uses a material that changes its length when a voltage 1 app ar;d o< a limited dsisiri panize, The
precise wavelength resolution, it is more expensive, complex to implement, tioxing one end of the structure
stepper-motor method changes the length of the fiber gratlr'lg by pu(lllmg orr
It has a moderate cost, is reliable, and has a reasonable tuning speed. . . lications of thése

Table 10.10 lists representative performance parameters of a tum_zble optical filter. Apﬁitorin e
devices include gain-tilt monitoring in optical fiber amplifiers, optlcgl perfo;ma.ncc mo g o
offices, channel selection at the receive side ofa WDM link, and suppression of amplified spontaneous emi
(ASE) noise in optical amplifiers (see Chapter 11). - '

- wavelength is AR, = 2ne AA- Such optical ﬁitei
c . .

jon.
. the 1310-nm regiorn N
; l;llcctric or Stepper-motor means, as shown in Fig.

Optical fiber grating

e —

High-expansion bar Low-expansion
- . " fame
Heat from/to . -

~ Peltier cooler _ .

o Optical ﬁbc.r grating -

. _ : Piezoelectric- stack )

Electric .

coritrol] A . Expansion

'~i-——l . frame -

Optical fiber grating

s

—
Elecﬁié —

Stepper mdtor
control

1g. 10.35 Three methods for adjusting the wavelength of a tiinable Bragg graﬁ :
: 7 -
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Table 10,10

! '!II”’}'“ZV’ performance parameters of a tunable optical filter

Tuningrange ‘ 40 i typical L
n;&mu;mz&x‘.—?ﬂ““l SRVOOUYIY ek i 1es b S UM/ T 20 3.!4"9)@1&‘51?5(}!":”“:«{&&“ A2
Bandwidth | ' < 0.2 nm £
T B T o o e e T e P R WA R S T
e Tadortion foud 5 lys] A1 n il g b Bt o i 01 A i S A Acroms Wuling tanfge 19 #1170 0504
ki o b o0 A L L T o WP AN Sy B A ) DL bt S T o S it L,
Polarization dependent loss (P1D1) ' < (0.2 dB across tuning range
B b AR, TR ke B ARy T > 3. g « - - 9
D e L e P B V7 Rl AR TN N T R AR 1
U ning apeed ML RMRARL o B s 0 i o o 3 BT A Y i g, 5 A T
R4 R bkt A ﬁ "n S.\,..;h! A BRSPSV B VS L S TR I R T 'm,tnl}!.«“t:t!uc&-qu ()gz.mic‘&i«. PR e PR NG R el 25
Tuning voltage 12 to 40V

104 Dynamic Gain Equalizers

A dynamic gain equalizer (DGE) is used to reduce the attenuation of the individual wavelengths within a
spectral band. These devices also are called dynamic channel equalizers (DCE) or dynamic spectral equalizers.
The function of n DGE is equivalent to filtering out individual wavelengths and equalizing them on a channel-
by-channel basis. Their applications include flattening the nonlinear gain profile of an optical amplifier (such
as an EDFA or the Raman amplifier described in Chapter 11), compensation for yariation in transmission
losses on individual channels across a given spectral band within a link, and attenuating, adding, or dropping
selective wavelengths. For example, the gain profile across a spectral band containing many wavelengths
usually changes and needs to be equalized when one of the wavelengths is suddenly added or dropped on a
WDM link. Note that component vendors sometimes distinguish between a DGE for flattening the output of
an optical amplificr and a DCE, which is used for channel equalization or add/drop functions. Depending on
the application, certain operational parameters such as the channel attenuation range may be different.

These devices operate by having individually tunable attenuators, such as a series of VOAs, control the gain
of a small spectral segment across a wide spectral band, such as the C- or L-band. For example, within a 4-THz
spectral range (around 32 nm in the C-band) a DGE can individually attenuate the optical power of 40 channels
spaced at 100 GHz or 80 channels spaced at 50 GHz. For example, Fig. 10.36 shows how a DGE equalizes the
gain profile of an erbium-doped fiber amplifier. The operation of these devices can be controlled electronically
and configured by softwarc residing in a microprocessor. This control is based on feedback information received
from a performance-monitoring card that provides the parameter values needed to adjust and adapt to required
link specifications. This allows a high degree of agility in responding to optical power fluctuations that may
result from changing network conditions.

Al e}

Output cqualizer Equalized
wavelength wavelength
amplitudes ' amplitudes

from an EDFA a8

Fig. 10.36 Example of how a DGE equalizes .tfue 'gdin pror of an erbium-doped fiber
. amplifier (EDFA) : : ﬁle r o p ﬁb :

IR |
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— cated

If the source spectral width AAgigna is 0.02 nm for a

Example 10.15 " . -
sunpose that the maximum index change of a particular te in this tuning range is
?)lg?{)‘;;zcr ;pcmting "L 1550 nm is 0.65 percent. Then, the ©f channels that can operate in thi g rang

tuning range is . - A e 10nm 50

= Mg 10(0.02nm)

Amer _ (1550 nm)(0.0065) =10 nm

Al =4

Refy

External-cavity laser designs include the use of Littman and Littrow cavi_ties. . .
uses a grating and a MEMS-based tuning mirror to deliver a high level of side-mode suppression (typically

60 dB) with a narrow linewidth (0.3-5 MHz). The Littrow cavity method uses a grating to offer an increasc_:
reduction in side-mode suppression (40 dB). In both devices coarse .

in optical output power but with a slight " -~
tuning is achieved by manual adjustment of a high-precision adjuster and further fine tuning is achieved by

means of a piezoelectric actuator. Various multiple-section tunable lasers, have been examined. These dgs‘lggs'
can include a distributed Bragg reflector, a gain portion, a passive phase-correction section,and a coalse-t.umn_g
section. Modulating the Bragg-grating reflector provides a series, or comb, of wavelength peaks. By using an
external control current, the coarse tuner then selects one of these peaks. Such a device can be tuned over a
32-nm range, which covers the entire C-band. ‘

Other designs utilize an integrated combination of an optical source (either a broadband laser diode or LED),
a waveguide grating multiplexer, and an optical amplifier.”*" In this method, which is known as spectral
slicing, a broad spectral output (for example, from an amplified LED) is spectrally sliced by the waveguide
grating to produce a comb of precisely spaced optical frequencies, which become an array of constant-output

The Littman cavity scheme

5 5-Gbs signal, then using Egs. 10.68 and 10.69 the number :

|

:
i
4

sources. These spectral slices are then fed into a sequence of individually addressable wavelength channels |

__ that can be externally modulated.

——— =
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