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ABSTRACT: The switching speeds of electronics cannot keep up second step needed. In this context, all opticaitckimg

with the transmission capacity offered by optics. A-optical
switch fabrics play a central role in the effort to migrate the
switching functions to the optical layer. Optical @mcket switching
provides an almost arbitrary fine granularity but faces
significant challenges in the processing and bufferg of bits at
high speeds. Generalized multiprotocol label switdhg seeks to
eliminate the asynchronous transfer mode and syncbnous
optical network layers, thus implementing Internetprotocol over
wavelength-division multiplexing. Optical burst swiching
attempts to minimize the need for processing and Iffering by
aggregating flows of data packets into bursts. Inhis paper, we
present an extensive overview of the current techimgies and
techniques concerning optical switching. Theoretichl optical
switches seem to be future proof with features ofcalability,
flexibility, bit rate and protocol independent couded with lower
infrastructure costs but a network service providermust evaluate
the pros and cons and all possible options to seteoptimum
combination of electronic and photonic switches tomeet the
capacity and traffic management requirements. This eminar
presents an overview on optical switches. Opticalwdétching
technologies and Optical switches including MEMS, Bhble,
Thermo-optical, Liquid crystal and non-linear optical switches
have been discussed. Finally all optical switching technology
that's still in its infancy but holds tremendous pdential, since it
switches optical packets, is also with.
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1. INTRODUCTION

Telecommunication networks are demanding
dramatic increase of capacity, mostly due to theoeential
growth of IP traffic. To this aim, considerable easch is
devoted to design an optical network layer, in oitderelieve
the capacity bottleneck of electronic-switched rmeks.
Explosive information demand in the internet waddreating
enormous needs for capacity expansion in next géoar
telecommunication networks. It is expected that tata-
oriented network traffic will double every year. gingle
optical fiber offers a potentially huge transmissicapacity:
just in the wavelength window, 5 or 10 THz are ¢h&w be
mined, if only we could be able to exploit suchntemdous
bandwidth with adequate technology. Recently, aptizense

fabrics play a central role and will be a signifita
breakthrough on this way. These devices allow $ivitg
directly in the optical domain, avoiding the needseveral
optical-electrical-optical conversions.

In this paper, the state of the art of optical shiitg
fabrics is reviewed, by outlining the main techrys that are
under development to realize these devices. Finayme
possible applications and performance data are suired,
based on a market analysis that we carried ouheénladtest
months. Therefore, a snapshot on the state ofrthef aptical
switching devices is provided indeed. We believat tthis
review is valuable to researchers envisaging ndvwopical
switching network architectures for telecommunizasi
networks of the future.

2. NEED FOR OPTICAL SWITCHING

Computers get faster and communication signals get

faster, but the interface between them--where tbetrens in
the computer circuits are converted into photomsHe fiber-
optic cable--remains clunky and slow. New transsstthat
rely on virtual particles called excitons could ©ba that. An
exciton is a state of electrical excitement that pass from
one atom to another, much as an electric currees.dé/hen
an exciton loses energy, it emits a photon, sotexsiare
good at translating between electrical and opsiaials.
The problem in existing systems is the barrierhat t

dnterconnect between the optical signal and thectriétal

signal," says Alex High, a graduate at the Univgrsof
California, San Diego (UCSD), who conducted thesagsh
along with colleagues there and at the University o
California, Santa Barbara. "This cuts out that a&xstep.
Because excitons are carriers of light, you can ipuhate
them, do logic processes on the light in excitamfoand then
release that light in another place." The reseasctmave
created tiny, super cooled integrated circuits mafdgallium
arsenide that can send exciton signals in diffed@ettions or
merge two signals into one--jobs necessary to leankié
rudiments of computer logic just as electronic witx do. A
smoother optical-electronic interface has wide iogtlons.

Wavelength Division Multiplexing (DWDM) has been Fiber optics is the most efficient way to carrygeramounts of
developed, which made available commercial systemdat@ at the speed of light, and it's used in a awlyrof

providing impressive transmission capacities. Unfaately,
switching is still performed mostly by electronic3he
extension of optics from transmission to switchisghus the
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applications, from telecommunications to tempemgensing
to simply carting information from one computer ghio
another. But at some point, optical signals alnabsays need
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to be converted into electrical signals--whethes iso
your desktop PC can understand them or so they bman
amplified during a long trip. Not only is that cargion slow,
but the traditional converters are expensive, inadbt large,
and power hungry.

3. ROLE OF NLO IN OPTICAL SWITCHING

The role of nonlinear optics in optical switchingshbecome
extremely significant. Non-linear materials are sowhich
interact with light and modulate its propertiesv&al of the
optical components require efficient nonlinear mate for

their operations. What in fact restrains the widead use of
all optical devices is the in efficiency of currignavailable

nonlinear materials, which require large amounémdrgy for
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Figure 1. Optical Switches
4.1.All optical switching approaches: Switching is an

important and essential functionality in telecomioations,

responding or switching. Organic materials have ynanWwhich can be understood at two levels: a higheellgkat

features that make them desirable for use in dptlesices
such as
1. High nonlinearities
2. Flexibility of molecular design
3. Damage resistance to optical radiations

Some organic materials belonging to the classes
phthalocyanines and polydiacetylenes are promisfog
optical thin films and wave guides. These compousdsbit
strong electronic transitions in the visible regamd have high
chemical and thermal stability up to 400 degreesios!
Polydiacetylenes are among the most widely invatgid class
of polymers for nonlinear optical applications. rheub Pico
second time response to laser signals makes thadidedes
for high-speed optoelectronics and information pesing. To
make thin polymer film for electro-optic applicat|y NASA
scientists dissolve a monomer (the building blodk o
polymer) in an organic solvent. This solution isrifput into a
growth cell with a quartz window, shining a laskrough the
guartz can cause the polymer to deposit in speuéttern.

4. OPTICAL SWITCHING TECHNIQUES

Optical switches will switch a wavelength or anient
fiber-form one pathway to another, leaving the dataying
packets in a signal untouched. An electronic sigfnaim
electronic processor will set the switch in thehtigosition so
that it directs an incoming fiber — or wavelengthighin that
fiber- to a given output fiber. But none of the wiangths will
be converted to electrons for processing. Optiggatching
may eventually make obsolete existing light
technologies based on the ubiquitous SONET (Symdus
Optical Network) communications standard, whichHeselon
electronics for conversion and processing of irciiei
packets. In tandem with the gradual withering awafy
Asynchronous Transfer Mode (ATM),
company standard for packaging information.
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requires sophisticated electronics and the physieakl
comprised by components and devices that “switéhhads
within the network. Only component sat the physleakl can
be “all-optical”, and this chapter focuses on vasidypes of
all-optical switching components that are availalole in
dievelopment for switching functions. In practiceamy optical
switches actually are optoelectronic, with inputicgd signals
converted to electronic form for switching, and theitched
electronic signals then driving an optical transenit All-
optical switches manipulate signals in the fornligiit, either
by redirecting all signals in a fiber or by selagtisignals at
certain wavelengths in wavelength-division multysd
systems. Some switches can isolate individual vesngghs,
but typically their input is an individual opticahannel that
was previously separated from other channels by a
demultiplexing system. That means they operatkeabptical-
channel level, without regard to what data strehendptical
channel is carrying.

Electronic or optoelectronic switches are still
required to manipulate the data stream transmittedeach
optical channel, such as breaking up a time-dinisio
multiplexed signal into its component pieces fatribution at
the end of a long-distance transmission line. Ouehér
distinction is between “transparent” and “opaqugitical
switches. The most current are transparent alcapsiwitches,
because they transmit the original input light, heoiit
converting it into some other form, as if you couldok”
right through it. One simple example is a movingron

waveswitch, which reflects the input photons in differélirections.

Opaque optical switches convert the input photons some
other form, and thus do not transmit them exadlyhey were
received. They include optoelectronic types ancemsththat
convert the signal to a different wavelength usimgical or

another phoneélectronic techniques.

Basically there are four types of optical switghin
mechanisms. They are as shown in the below figure.
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Figure 2.Types of optical switching techniqt

4.2.pace Divison Switching: The different switching
mechanisms involved in space division switching iEeMS
(Micro  Electro Mechanical Systems), ther-optical
switching, liquid crystal switching, nonlinear ogl switches
bubble switches etc.

4.2.1. MEMS (Micro Electro Mechanical Systems): MEMS
technology has enabled us to realize advanced ndieveces
by using processes similar to VLSI technology. WMEMS
devices are combined with other technologies nemeigdion
of innovative technology will be created. This willffer
outstanding functionality. Such technologies will havede
scale applications in fields ranging from automet
aerodynamics, and hydrodynamics, hiedical and so fortt
The main challenge is to integrate all these pa@bytnor-
compatible technologies inta single workingMicrosystems
that will offer outstanding functionality.

The use of MEMS technology for permanent, s
permanent or temporary interconnection of -compatible
technologies like CMOS, BJT, GaAs, SiGe, and sthfoto a
System-on-Chipenvironment can be described using
example application. It is a hearing instrumentwinich an
array of acoustical sensors is used to provide mym
directional sensitivity that can minimize backgrdumpise anc
reverberation thereby increasing spe@uklligibility for the
user. The micro array can provide dynamically Jasi
directional sensitivity by employing suitable bedarming
and tracking algorithms while implanted completielside the
ear canal.
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Switch design and operation: The geometry of a capacitive
MEMS switch is shown in Fig.4.3 the switch consiefsa
lower electrode fabricated on the surface of thesglwafe
and a thin aluminum membrane suspended over totade.
The membrane is connected directly to grounds on eklus
of the electrode while a thin dielectric layer csvéhe lowel
electrode. The air gap between the two conductetsrohines
the switch offeapacitance. With no applied actuat
potential, the resigal tensile stress of the membrane kee|
suspended above the RF path. Application of a
electrostatic field to the lower electrode causes formatior
of positive and negative charges on the electrodd
membrane conductor surfaces. These charge¢hibit an
attractive force which, when strong enough, caudes
suspended metal membrane to snap down onto ther
electrode and dielectric surface, forming a low @éa@nce RI
path to ground.

The switch is built on coplanar waveguide (CF
transmissionlines, which have an impedance of 50
matches the impedance of the system. The widthhe
transmission line is 160 m and the gap betweengtbend
line and signal line is 30 m. The insertion losdasninated b
the resistive loss of the signal | and the coupling between
the signal line and the membrane when the membsanehe
up position. To minimize the resistive loss, a khiayer of
metal needs be used to build the transmission

The thicker metal layer results in a bigger gap
reduces the coupling between signal and ground ajsd
requires higher voltage to actuate the switch. Thieve &
reasonable actuation voltage, a 4mm thick coppaisé&d a:
the transmission line. The glass wafer is chosenttfe RF
switch over a semianductive silicon substrate since typi
silicon wafer is too lossy for RF signal. When thembrane
is in the down position, the electrical isolatiohtbe switch
mainly depends on the capacitive coupling betwéenstgna
line and ground lines. Thealectric layer plays a key role f
the electrical isolation. The smaller the thicknessl the
smoother the surface of the dielectric layer, tbidv isolatior
of the switch is. But there is another tr-off here. When the
membrane is pulled down, thbiased voltage is directly
applied across the dielectric layer. Since thigtag very thin
the electric field within the dielectric layer iny high. The
thickness of the dielectric layer should be chasarh that th
electric field will never excekthe breakdown electric field
the dielectric material. The silicon nitride filnas breakdow:
electric field as high as several m-volts per centimeter and
can be utilized as dc block dielectric layer. Iisthroject, the
thickness of the silicon tiide layer is chosen as 0.2 mm
accomplish the dc block and RF coupling purg

MEMS can be considered a subcategory of -
mechanical switches, however, because of the fatiwic
process and miniature natures; they have diffe
characteristics, grformance and reliability concer MEMS
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use tiny reflective surfaces to redirect the ligjglams to
desired port by either ricocheting the light off rafighboring
reflective surfaces to a port, or by steering tightl bean
directly to a port. Digitatype, or 2D, MEMS which is
shown in figure 4.4 have reflective surfaces thmtpg up” anc
“lay down” to redirect the light beam propagatingralel to
the surface of substrate.

[
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switch mirror
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collimator

arra
Fiber-collimator y

array

Figure 4.2D MEMS based Optical Switch Mat

In 2D MEMS based opticawitch matrix mirrors have onl
two possible positions. Light is routed in a 2Dr@aand for N
inputs and N outputs we need N*N mirrors are respliiloss
increases rapidly with N. Analaype, or 3D, MEMS mirro
array switch is as shown in figure 4.5vbaeflecting surface
that pivot about axes to guide the light. The lessae
decreased in these 3D MEMS.

Qutput fibers

Selector
mirrors

Router

=
mirrors Input fibers

Figure 5.3D MEMS based Optical Switch Mat

4.2.2. Thermo-Optic Switch: The basic Thern-optical
switching element has an input waveguide and twssipte
output waveguides. In between there are two shiteynal
waveguides that first split the input light andrtheouple the
two internal waveguides together again. The rebined light
would proceed down the “default” output waveguidiut
thermoeptical effect makes it possible to use this couplbf
the light as a switching element.

The general principle of thermaptical switching
element is shown in the figure. An input light waigesplit
onto two separate waveguides. If no heat is appiethe
lower branch in the figure, the coupler will outpthe
waveform on to the waveguidabelled output#1 in the figur
The figure shows the heating element activated,aaslightly
different phase induced into the waveform on thevelc
branch. So the output light wave does not take défault
waveguide but ends upon the waveguide labeoutput#2
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instead.Because they can be built on a common mat
substrate like silicon, waveguides tend to be snzald
inexpensive, and they can be manufactured in lasjehes
The substrates, called wafers, can serve as pladfto attacl
lasers andletectors that would enable transmission or re:
of optical pulses that represent individual bitstegration of
various components could lead to photonic integratecuit, a
miniaturized version of the components that popufatysics
laboratories, one reason the waveguide technology
sometimes called a Siliconp@ical Bench.
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Figure 6.Thermc-optical switch

4.2.3. Bubble Switch: The switch consist of a silica wavegui
with arrays of intersecting light pipes that frommaesh. A
small hole sits at point where these light pipes interseci
contains an inderaatching fluid (one whose index
refraction is the same as the silica). So if nolbeilis presen
at the junction, the light proceeds down the defaalveguide
path. If a bubble of fluid ipresent at the junction, the light
shifted onto the second output waveguide. The laubbt as
mirror that reflects the light wave to another lfarof the
switching element. An infet printing head underneath ¢
blow a bubble into the hole, caus light to bend and move
into another waveguide. But if no bubble is presém light
proceeds straight. That this switch works at al ilestamer
to the extraordinary sophistication of the fluicchaology
behind printers.

Mo Bubble

Light Beam

Fill Hole

Figure 7.Bubble switcl

4.2.4.Liquid Crystal Switch: Even more people are familiar
with the liquid crystal displays found in digitalatches an
some forms of computer output devices than areli@miith
inkjet printers. Liquid crystals can also be usedadhasis fo
optical switchess well. When an electrical field is applied
the liquid crystal, the molecules line up and sa bacome
opaque.
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The Liquid crystal switches rely on a change in thethrough which the light travels. Mirror becomesnsparent

polarization of optical signals with the applicatiof electrical
voltage to make a switching element. Because theidi
crystal molecules are so long and thin, they weilldnly light
of a particular orientation pass through the liquigstal.
Liquid crystal switching elements are built with avactive
components, the cell and the displacer.

when more light is shined on it. Glass optical fébexperience
non-linear effects, some of which can be used gigdevery
fast switching elements, capable of changing th&ite in to
second (quadrillionth of a second time scale). @lmrsa non-
linear optical loop mirror, a type of interferomeia which
two light beams interact. In the mirror a fiberigpt divides

The main function of the cell is to reorient the an incoming beam. In one instance each segmenelsrav

polarized light entering the cell as required. Tieplacer is a
composite crystal that directs the polarized ligaving the
cell. Light polarized in one direction is directedone output
waveguide by the displacer, while light polarized aa 90
degree angle is directed to a second output waslegUihe
total reflection in liquid crystal switch is as stin figure4.8

OFF-state
V=0

ON-state
Voltage applied

Ngiass® Nic

o % >
glass

prisms

Nglass= NLc

Incoming
beam
polarization

electrodes

Figure 8. TIR in Liquid Crystal Switch

The upper portion of the figure shows the pattaof
light wave when no voltage is applied to the dethut light of
arbitrary polarization lines up with the defaultlgrization
orientation of the liquid crystals inside the cdlhe displacer
also has a default orientation and the light enseage shown
in the figure. The lower portion of the figure shothe path of
a light wave when voltage is applied to the cebhtdNthat the
liquid crystals in the cell and those in the displa both
change their orientation under the influence of toétage.
The polarized light now takes the second output.pat

Figur 9. Liqui Crystl Switch

4.2.5.Nonlinear Optical Switch: Another type of optical
switch takes advantage of the way of the refracitidex of
glass changes as the intensity of light varies. tMifsthe
optical phenomena in everyday life are linear. drenlight is
shined on a mirror, the surface reflects more ef iticident
light and the imaged room appears brighter. A rnoealr
optical effect, however, changes the material ptigme
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through the loop in opposite directions recombiradter

completing the circle and exist on the same fibemdich it

entered the loop. In cases, though, after the ®eoris split, an
additional beam is sent down one side of the loapnit the
other. The intensity of light produced by the iateion of the
coincident beams changes the index of refractiothénfiber,

which in turn changes the phase of the light. Téemmbined
signal with its altered phase, exits out a separateut fiber.

In general, non-linear optical switching requirée t
use of very short optical pulses that contain sigfit power to
elicit non-linear effects from the glass in theefibAn optical
amplifier incorporated into the switch, howevernaeduce
the threshold at which these non-linear effectauncEor the
purpose of switching the intensity dependent phasEnge
induced by the silica fiber itself could be usedtlas non-
linearity. The pulse traversing the fiber loop &atise is
amplified by an EDFA shortly after it leaves theedtional
coupler. This configuration is called Non-linear Plifying
Loop Mirror (NALM). The amplified pulse has higher
intensity and undergoes a larger phase shift aretsing the
loop compared to the unamplified pulse. Althougim-tioear
switches have yet to reach commercial developmtrd,
technology shows promise for the future.

4 Altered phase

o
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Splitter/ combiner

—_—

-

L Input wave

(\4——»

Conrral ling £ ]

2, Split wave /
N . .R\ S
1 bput wave 3 Output wave

Splitter/combiner
Figure 10. Nonlinear optical switch

4.3.Wavelength Division Switching: One of the most
promising concepts for high capacity communicagygatems
is wavelength division multiplexing (WDM). Each
communication channel is allocated to a differaetfiency
and multiplexed onto a single fiber. At the dedioma
wavelengths are spatially separated to differeraeiver
locations. In this configuration the high carrieandwidth is
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utilized to a greater extent to transmit multipjgtical signals
through a single optical fiber.
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Intercanger
Input data ki
sources 2 F\bre Fibr

Timeslcts inlo TS| Tlmeslots out of

Data
Destination

TS|
Routing: AtoX BtoZ CtoY

Figure 11. WDM System

For single frequency poimgeint links the bit rate i
limited up to 100 Gbps due to dispersion. This &l welow
the capability of the optical carrier frequency.WDban
increase the total bit rate of pointyp@int system: During the
past few yearsdlense WDM (DWDM) systems have be
proposed and are being developed. These systems
wavelength separations on the order of— 0.8 nm. System
and component development is focused on operatitimnv
two low loss wavelength bands in silica fibers. se include
the C- and L- bands. S-Band: (148520 nm, C-Band:
(1521-1560 nm)

4.4. Time Division Switching: It's often practical to combir
a set of low-bitrate streams, each with a fixed and-defined
bit rate, into a single highpeed bit stream that ¢ be
transmitted over a single channel. This techniq
called time division multiplexingTDM) and has man
applications, including wire line telephone systesmsl some
cellular telephone systems. The main reason torogé is to
take advantage of existj transmission lines. It would be ve
expensive if each low-bitate stream were assigned a co
physical channel (say, an entire fiber optic littet extende:
over a long distance.

Consider, for instance, a channel capable
transmitting 192 Kbit/sc from Chicago to New Yorl
Suppose that three sources, all located in Chicagch haw
64 Kbit/sec of data that they want to transmit nidividual
users in New York. As shown in Figure 4.12, theh-bit-rate
channel can be divided into a seriesiofe slots, and the tim
slots can be alternately used by the three souiides.three
sources are thus capable of transmitting all of tth&ta acros

the single, shared channel. This reverse proces
called demultiplexing.
Optical Optical
Time Divisicn Time Division
Hultiplexer Optical Time Slot Demultiplexer
Inout data A Interchanger O | X
! ) Data
B Fibre Fib A
sources °—| L0 [~ Destination
c / Y Z
v / \ =
/ \
/ Y
%
_ABE ] ™ _[alcB | =
Timeslots into TSI Timeslots out of

T8l
Routing: AtoX BtoZ CtoY

Figure 12. TDM System
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Choosing the proper size for the time slots inveladrad-off
between efficiency and delay. If the time slots &re@ small
(say, one bit long) then the multiplexer must bst fanougt
and powerful enough to be constantly switching leetn
sources (andthe demultiplexer must be fast enough
powerful enough to be constantly switching betwesers). I
the time slots are larger than one bit, data frawohesourct
must be stored (buffered) while other sources aiaguthe
channel. This storage will pduce delay. If the time slots &
too large, then a significant delay will be intraéd betweel
each source and its user. Some applications, s&
teleconferencing and videoconferencing, cannotatgelong
delays.

5. CONCLUSION

In this paper, thecurrent state of production
optical switching fabrics was reviewed, by outlipithe mair
technologies that are under development. Some kie:
applications and performance data were also sumeth
based on a market analysis that we carried oube latest
months, thus providing a valuable support to redeas
envisaging new albptical switching network architectur
Photonic packet switched networks offer the po#tnof
realizing packeswitched networks with much high
capacities than may eb possible with electronic pac-
switched networks. However, significant advances
technology are needed to make them practical, heck tare
some significant roadblocks to overcome, such aktile of
economical optical buffering and the difficulty propagating
very high speed signals at tens and hundreds
gigabits/second over any significant distancesptical fiber.
There is a need for compact soliton light sour
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