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for TelMex

Telefonos de Mexico (TeIMex) hasembarked ona program to modernize
its telecommunications network. At the heartofthismodernization isa
13,500-kilometer optical fiber backbone thatusesstate-of-the-art technology.
AT&T will provide about 60 percent ofthe required network for TelMex using
dispersion-shifted fibers thatoperate at 1550 nanometers. The network will be
installed to runat 565 megabits persecond, with future upgrades possible to
synchronous digital hierarchy optical network rates of2.5 gigabits persecond.
The total turnkey system provided byAT&T includes optical fiber cable,
splicing, installation, terminals, repeaters, training, maintenance, and docu­
mentation. This effort, which represents a collaboration among AT&T Net­
work Systems-U.SA, AT&T Network Systems International-Netherlands,
AT&T Network Systems-Espana, and AT&T Mexico, is also thefirst exam­
ple ofAT&T-Espana and AT&T working together to satisfy the rigorous
requirements ofTelMex. When completed, thiswill be the largest long dis­
tance network inthe world using dispersion-shifted fibers.
Introduction

In today's telecommunications envi­
ronment, the rapid changein fiber-optic tech­
nologies andtransmission standards makes
anyequipment purchase a complex decision
for the buyer. Customers mustanalyze exist­
ingproducts andconfigurations and develop
economically andtechnically soundplans for
introducing newtechnologies.

Developing nations, suchas Mexico,
are making significant capital investments to
modernize andexpand their telecommunica­
tionsinfrastructures, that is, the numberof
phonelinesfora particular population size.
Figure 1 shows the trend ofphone linesper
100 people forvarious countries. Highly
developed countries, suchas Sweden, Den­
mark, Canada, andthe United States, for
example, have about50linesper 100 people,
while less developed countries may have 10
lines, or fewer, per 100 people. This index of
linesper 100 people is a useful measure of
how accessible the phone system is to the
generalpopulation.

Mexico ranks 13th in the world's
economy, but 83rd in phone linesper 100

people.' With about5.6 lines per 100 popula­
tion, about one-half the phone density ofthe
former Soviet Union, Mexico has started a
program to upgrade its telecommunications
network. Although only 5 million lines are
currently inoperation andjust 13 percentof
these are digital, TelMex has set a goal of20
million linesin place bythe year2000, a
growth rate of10percentper year. Improved
telecommunications is a major element ofthe
Mexican government's plan forinfrastructure
development, and it plans to increase phone
linesby 12 percenteachyear through 1994.
For 1992, linegrowth should reach 14 per­
cent,which is above the government's goal.

Akeyelement in the modernization
ofthe longdistance network is the implemen­
tation ofa network with a fiber-optic back­
bone. This network will cover over13,000
kilometers (krn) during a two-year period
(1992-1994); it will include links to 54 long
distance nodesandhave a complementary
digital radio network forroutediversity.
(Route diversity ensuresthat an alternate is
available to complete a phone call should the
primary system incura problem.) AT&T is
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Figure 1. The trend
of telephone density
for various countries,
derived frorn 1988
data cited by
ATBeT International
Marketing
(see Reference 1).
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supplying about36 (60 percent) ofthe longdistance
nodes, or fiber-optic links, which will requireabout45
terminals and 60repeatersfor the AT&T Mexico routes.
Arepeateris an amplifier forthe optical signal; because
it has no interactive capability, it may be located in a
remote site in the countryside. Aterminal is a repeater
thatan engineercanprogram forparticular functions; it
is located in an office site suchas a switching center.

Optical Fiber Network
AT&T is providing TelMex with a complete

turnkey system. The project encompasses engineering,
equipment provision, andconstruction ofa fiber-optic
network throughout Mexico, including 8000 km ofopti­
calfibercable. This systemwill contain 36fiber-optic
links, eachwith oneor moreregenerator sections. (A

linkis a lengthofcable that contains oneor more regen­
eratorsections to boostthe signal.) Figure 2 shows the
portion ofthe network beingprovided byAT&T.

The engineering andprovisioning ofequipment
forthe TelMex project is a global effort, combining the
talents ofseveral international partners. AT&T Network
Cable Systems inAtlanta, Georgia, is manufacturing the
optical fiber cable, which includes dispersion-shifted
fibers, and related apparatus, suchas connectors, inter­
connection equipment, splices, andclosures. AT&T Net­
work Systems-Espana, in Madrid, Spain, is providing the
project's 565-megabit-per-second (Mb/s) terminal and
regeneration equipment, as well as the power equipment.
AT&T Outside Plant Systems in Mexico City, Mexico,
the focal point for this project, is responsible forroute
engineering, construction, and activation ofeachofthe
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Figure2. The portion
of the TelMex net­
work being provided
by AT&T.

36fiber-optic links. Working with AT&T Mexico and
eachofthe AT&T businessunits, TelMex has developed
technical specifications forequipment, construction
guidelines, andperformance requirements. TelMex and
its international AT&T partnersare responsible forbuild­
ingthe world's largestdispersion-shifted optical fiber
network. AT&T Network Cable Systems, which provides
all passive optical components, will deliver about165,000
fiber km ofdispersion-shifted fibers in the 8000 km of
AT&T Lightguide Express Entry (LXE) cable. (A cable
onekilometer in lengthcontains 24fibers and,therefore,
24kilometers offiber.)

Optleel Fiber De..gn Choice
Oneimportant parameter to be considered when

designing an optical transmission system is the repeater
spacing that is possible usingexisting technology. The
signal in the optical fiber decreases as the lengthofthe
fiber increases. If the signal is reduced to a point below
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which the receiver candetectit, the signal is lost. To
maintain the signal, repeaters are placed in the optical
pathto convert the optical signal to an electrical signal,
which is used as inputto anotherlaserto transmit the
signal again, at the original power level. Thus, repeaters
are highly complex andexpensive. Reducing the use of
repeatersbyusingthe lowest lossfiber decreases the
numberofrepeatersrequired fora network.

In the proposed architecture, AT&T has pro­
vided a solution that meetsthe TelMex requirements by
deploying a 565-Mb/s optical linesystem operating at
1550 nanometers (nm) with a distributed feedback (DFB)
laseranddispersion-shifted optical fiber. DFB lasersare
laserdiode devices that have been modified to reduce
the spectral distribution reflected from the rear face of
the laser. This narrow-frequency reflection confines the
laseroutputto a single oscillation pathwithin the laser.
Thus, DFB lasersmay also be referred to as single­
frequency lasers, single-mode lasers, or single-line lasers.
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Figure 3. A typical
optical attenuation
for a gerrnanla-doped
flber measured from
1000 to 1700 nm.
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To achieve the maximum transmission distance
with the least lossofsignal, a lightwave systemshould
operate at the wavelength wherefiberattenuation is the
lowest. For today's germania-doped optical fibers, this
occurs in the region of1550 nm,wherethe attenuation is
constant forhigh-quality, single-mode fiberand is about
0.2 decibel per kilometer (dB/km), slightly morethan
half as largeas the attenuation at 1310 nm. Figure 3
shows a typical optical attenuation fora germania-doped
fiber measured from 1000 to 1700 nm.

At 1550 nm,the mostserioussystembarrier is
fiber dispersion. Dispersion is the broadening (intime)
ofa lightpulsebecauseofmaterial and waveguide prop­
ertiesin the optical fiber. Whena pulsebroadensto the
extentthat it overlaps an adjacent timeslot,an error
occurs. Pulsebroadening limits the maximum usable bit
rateand results ina power penalty for the system. Thus,
a lightwave systemusinga conventional laserwould suf­
fera dispersion-limited bit-rate-distance productofless
thanor equalto 18gigabits per secondper kilometer
(Gb/s-km), which is farworsethan the 88Gb/s-km
possible at 1310 nm.Wepresent two solutions to this
problem: controlled dispersion fibers and single­
frequency lasers.

With the properchoice offiberparameters,
waveguide and material dispersion cancanceleach
other. In the resulting fiber, often called a dispersion­
shifted fiber, attenuation and dispersion are minimized at
the samewavelength. Mostoptical fibersused in today's
telecommunications are single-mode fibers with a min-

imum dispersion point at 1310 nm,the wavelength
ofmostlaser sourceswhensingle-mode fiber was first
installed. However, Figure 3 shows that the attenuation
curveis at its minimum in the 15DO-nm region. Unfortu­
nately, there are morelaser sourcesavailable in the
13DO-nm region than in the 155Q-nm region, and, until
recently, single-line lasers (also called single-frequency
lasers) werenotavailable.

In the secondsolution to dispersion at 1500 nm,
weuse a laser with an extremely narrow spectral width,
the single-line laser, which oscillates inonly one longitu­
dinal mode. Lasers whosesemiconductor cavities have
been modified to obtain single-frequency operation have
performed best in systemdemonstrations. Aswemen­
tioned earlier, the DFBlaser uses a periodically perturbed
waveguide to provide frequency-selective feedback,
resulting in single-frequency operation.

Byadjusting the waveguide properties ofthe
fiber, the zero-dispersion wavelength canbe moved to
1550 nm. This type offiberis usually called a dispersion­
shifted fiberto distinguish it from a nondispersion­
shifted fiber, whose zerodispersion wavelength is 1310
nm. The dispersion-shifted fiberwas initially proposed
foruse in the 155Q-nm region with conventional multi­
linelasersoperating at 1550 nm.However, this combina­
tionhas aboutthe samebit rate capacity as the unshifted
fiberin the 131Q-nm region and the multi-line laseroper­
atingat 1310 nm.

TelMex's requirement to have the highestbit­
rate-distance product prompted AT&T to consider using
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Figure 4. The
bandwidth curves for
shifted and unshlfted
optical fibers using
both multI-line and
single-line laser
sources for an arbI­
trary span length of
70km.
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dispersion-shifted fiber. Bycombining dispersion-shifted
fibers with single-line lasers in the 155O-nm region, we
are ableto achieve the highestbit rate overthe longest
distance. Some ofthe repeatersections are 70-100 Ian
long, and it is desirable to transmit overthis distance
without repeaters to avoid the expense ofbuilding and
maintaining repeaterhuts in remote locations. In the
future, wewill be ableto upgrade the initial 565-Mb/s
system to synchronous digital hierarchy (SDH) bit rates
of2.5 Gb/s. Dispersion-shifted fibers andsingle-line
lasersfulfill this requirement. Figure 4 shows the band­
width curves forshifted and unshifted optical fibers
using both multi-line and single-line laser sourcesforan
arbitrary spanlength of70Ian. (Foradditional informa­
tion aboutoptical fibers and optical fiber systems, see
References 2 and3.)

Cable Design
TelMex has selected two types ofLXE cables,

eachappropriate fora different terrain. To protectTel­
Mex cables from service-affecting attacks, suchas from
rodents or lightning, rodentlightning (RL) stainless-

steel-armored cables (LXE·RL) will be usedondirect
buriedroutesknown to be infested with gophers. This
steel-sheathed cable increases the reliability ofthe opti­
calfiber cable. Cables placed inconduit or otherpro­
tectedareaswill be armored with mild steel. Weare
usingAT&Ts second-generation Sf®optical connector,
andAT&Ts Enhanced Rotary Mechanical Splice, which
offers the lowest available attenuation to thisloss-limited,
dispersion-shifted network.

Trllnsmlsslon and Protection Equipment
InJuly1991, AT&T Network Systems-Espana

signed a contract with TelMex to supply transmission
and power equipment forMexico. AT&T Network
Systems-Espana submitted the completed proposal for
transmission equipment relating to the Long-Distance
Fiber-Optic Network Project forTelMex, using AT&T
Network Systems Mexico as its agentin Mexico. Thisis
the firstcombined bidofAT&T andAT&T Network
Systems-Espana, a jointventure inSpain between AT&T
Network Systems International andthe Spanish company
Amper. AT&T Network Systems-Espana, a three-year-
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oldcompany, is already a major telecommunications
supplier toTelefonica (theSpanish telephone company
anda ~percent equity partner inAT&T Network Sys­
tems International). In September 1990, AT&T Network
Systems-Espafia inaugurated a newplantinTres Cantos
(nearMadrid) to manufacture the 5ESS® digital switch
anddigital transmission equipment.

AT&T Network Systems-Espafia is chargedwith
introducing newtechnologies, implementing newpro­
duction systemscapable ofhandling the increased Span­
ish demand fortelephone anddatacommunications, and
contributing to the globalization ofAT&T. Currently,
AT&T Network Systems-Espafia is participating in two
overseas contracts, the TelMex project in Mexico, and a
project inIndonesia to supply 5ESS digital switch sys­
tems to the Indonesian ITf company, Perumtel.

The TelMex project is a classic example ofwhat
it meansto be a global telecommunications supplier. The
AT&T Network Systems-Espafia contractwith TelMex
includes:
- A565-Mb/s optical linesystem8TR 695
- Alineprotection switch 8TR 636
- Power generation, including batteriesandair condi-

tioning
- Installation and testing
- Training
- Spareequipment, including transmitters, multiplexers,

receivers, etc.,forthe optical linesystem
- Measurement equipment
- Documentation
- Financing.

The BTR 695 isAT&Tsnewly developed 565­
Mb/s optical linesystem, designed as high-eapacity digi­
tal linksfortrunk networks as well as the supervision
andfunctionality requiredfor the junction and local net­
work. The newelectronics includes the 140/565 multi­
plexerand provides simultaneous accessforfourbit
streamsof140 Mb/s each. It multiplexes fourelectrical
14Q-Mb/s tributary inputsignals intoan optical 565­
Mb/s linesignal. The linecodeused has an additional
transmission capacity ofup to 8 Mb/s for maintenance
and supervisory functions or additional channels for data
communications. The systemoperatesat a wavelength of
1550 nm with a distributed feedback laser in the trans­
mitterand an avalanche photodiode in the receiver. The
standard available power budgetforthe equipment is
28dB. AT&Ts optical fibercablesallow distances ofup

to 113 kmto be bridged without usingrepeaters. This
newly designed 565-Mb/s optical system reduces power
consumption considerably, and the resulting low thermal
dissipation makesit highly reliable.

Office regenerators are also partofthe product
line. The intermediate station equipment is a regenerator
that is located in an office (ratherthan beingburiedin
the ground) for easyaccess if service problems should
occur. The regeneratortakes the incoming datasignal,
checksforerrors, and sends a regenerated optical signal
backto the fiber. Regenerators are an essential partof
the network equipment forthe 800Q-km network for
which AT&T is responsible in Mexico.

In long, high-eapacity links, suchas the ones
planned in Mexico, lineprotection solves the longtraffic
interruptions that resultfrom lineor equipment failures.
Whenever equipment failure triggersan alarm, the sys­
tem mustrestore the communication by rerouting the
data to a protection line. The 8TR 695 system supports
lineprotection. The Mexico linkwill use 1+1linepro­
tection (one regularlineand one protection lineto
transmit the 565 Mb/s datastream) in addition to the
high-eapacity 565-Mb/s transportchannel. The 8TR 695
has several auxiliary channels. Channels of2 (2x), 16
(lx), 64 (lx) and 210 (3x) kilobits per second (kb/s)
canbe used formaintenance and supervision purposes,
as well as foran engineer's order wire connection (nor­
mally the telephone channel used to communicate
between stations).

For medium-eapacity information transmission,
an 8-Mb/schannel is available. Another medium-eapacity
option would be a system equipped with a 2/8 multiplex
circuit packthat makesavailable four2-Mb/sdata
streamsinsteadofone 8-Mb/schannel. This increases
the flexibility in the application ofthe 8-Mb/s channel.
The systemhas been designed forminimum power con­
sumption and size, achieved with full integration ofthe
main functions usingsurface-mount device andsubmi­
crometercomplementary metal-oxide semiconductor cir­
cuits. Each45Q-mm-wide electronics rackcanhold upto
five terminals.

To simplify maintenance andprovide flexibility
in applications, a newly designed supervision system pri­
marily supervises the local equipment in bothterminal
and intermediate stations. Remote supervision canthen
be configured. The systemcan supervise different types
ofequipment, e.g., primary or higher-order multiplex
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equipment. Aworkstation canbe connected to the sys­
temto improve and simplify maintenance, and to makeit
moreuser friendly.

S'stemU..........
With a 565-Mb/s linkinstalled, the capacity of

the optical linkis about9000 telephone channels per
optical fiber. Nevertheless, capacity requirements are
continually increasing, andfuture options for upgrading
the installed equipment are important. Two potential
upgrades are worth mentioning.

First, installed equipment canbe functionally
upgraded whenit is converted from plesiochronous digi­
talhierarchy (poH-based) to SOH-based equipment. (Ple­
siochronous signals are madeup ofdata streamsgen­
eratedby different clocks running at slightly different
rates.To synchronize them, theymust be broughtup to
the sameuniform clock rate.SOH solves this by using
one masterclock for the network.) The recently defined
SOH hierarchy is intended to be a world standardfor
transmission interfaces. Especially in largernetworks,
morefunctions canbe addedto SOH systems.

Second, the transition from POH to SOH auto­
matically upgrades the system. In the POH hierarchy, the
highestbit rate defined is 565 Mb/s (4x 140 Mb/s) ,
while in SOH the highestbit rate defined is 2.5 Gb/s
(STM-16). (This synchronous transmission module [STM]
has sixteen 14(}.Mb/s building blocks.) The latter
increases capacity by a factor offour. A2.5 Gb/s trans­
port systemcancarry morethan 30,000 telephone chan­
nels simultaneously. In the Mexico network, both
options fora systemupgrade maybe used ifneeded.

Alternatively, wecan smoothly upgrade partsof
the totalsystemrather than the entirenetwork. The rea­
sonforthis smooth transition lies in the definition of
SOH, whoselogical schememultiplexes different POH sig­
nalsand puts them in an SOH frame. (A frame is a seg­
mentofa signal that has a repetitive characteristic in that
corresponding elements ofsuccessive frames represent
the samethings. For example, a television frame repre­
sents the complete scanofa picture.) Eachpiece of
equipment supports a different subset ofpossibilities.
Therefore, POH systemscould be gradually augmented
bySOH-based systems, such as the AT&T SOH-based
SLM-2ooo productline, which includes terminals,
add/dropmultiplexers, and regenerators at both STM4
(622 Mb/s) and STM-16 (2.5 Gb/s) levels. (STM4 has four
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14(}.Mb/s building blocks.) This flexibility allows the
capacity andfunctionality ofsystems such as the Mexico
network to evolve.

Un. protection switch 8TH 838
ForTelMex, the 8TR 636 protective switching

systemis configured to switch at the interface of140
Mb/s ina 1+1 modethat canbe upgraded easily to a 1+
n mode, wheren canbe up to 11. This systemcangrow
to the full capacity ofthe optical cables in this project.
Although only end-to-end systems are requested for
TelMex's initial project layout, expansions might call for
drop/insert and through-eonnected traffic, configura­
tionsthat this protective switching system canalso han­
dle. The 159 8TR 636 systemswill contain equipment
manufactured in the AT&T plantinThe Netherlands.
AT&T Network Systems-Espana will supply, install, and
place intoservice the following equipment needed to
supply power to the transmission equipment: 6(}'hertz
diesel generators, 200Q-watt rectifiers, 200 ampere-hour
batteries, 24,000 British thermalunit (BTU) air condition­
ers, a continuous currentdistribution panel, andan alter­
natecurrent distribution panel.

Thisgenerator-powered automatic equipment
has been used foremergencies in places where the com­
mercial power supply frequently fails, or where the cur­
rent supply is unstable. In the TelMex installation, 82
power plants will be supported with equipment manufac­
tured inSpain.

In addition to lineprotection schemes, AT&T is
working with TelMex to develop self-healing schemes
basedonwidebandcross-eonnects and a network man­
agement system. In SOH technology, a wideband cross­
connect provides for rerouting ofthe datastreams. For
example, anyoffourinputdatastreamsrunning at 140
Mb/s canbe routedto anyoffourother output data
lines. Ifa problem occurs, the self-healing feature detects
and switches (reroutes) the datastreamto minimize
service interruptions.

Installetlon and Testing
The installation ofthe TelMex optical fiber net­

workis a monumental task.Working locally with Fabri­
caciones Ingeniera & Montajes, S.A (FIMSA), a Mexican
engineering andconstruction company, AT&T has
deployed ten complete installation crews that are work-

.ing theirway southward and northward concurrently.



These crewsare housed in self-contained mobile camps,
each ofwhich provides its own maintenance and product
warehouse facilities. Fourofthe crewsplow in the cable,
fourare engagedin splicing and testingthe cables, and
two crewsinstall and test the terminal and repeater
equipment.

The routesfor the optical fibercablesfollow,
wherepractical, existing highway rights ofway through­
out Mexico. Only five percentofthe routes will be placed
on railroad rightsofway. The major consideration for
choosing the highway routes is accessibility forboth
installation and maintenance. Along the construction
route, AT&T will build about60repeaterhuts, usingtradi­
tional building materials in keeping with local architecture.

To copewith the roughterrainofMexico, each
plowing crewwill be equipped with two each ofthe follow­
ing: Caterpillar D8N tractors, cableplows, ripping plows,
and rocksaws. This will ensure that they can meet the
tightconstruction schedulerequired byTelMex. Agood
example ofthis installation challenge is the linkconnec­
ting Poza Rica with Tulancingo. AT&T has allocated one
crewa full sevenmonthsto install its 157-km linkthrough
someofthe roughest terrain in Mexico.

Training
AT&T has established a training center forthe

network cableand transmission systemsoffered in Mex­
ico. It will provide licensing and certification for two Tel­
Mextraining instructors, who will establish an in-house
program in which theywill trainmaintenance and engi­
neeringpersonnel on the following topics:
- Optical fibercable, splicing, connectorization, and

outside plantsystemrestoration
- The 8TR 695 optical system
- The protective switch 8TR 636
- Operation andmaintenance ofthe air conditioning

and power plant.

Documentation
Aseach linkis completed, AT&T will deliver a

complete set ofdocumentation in Spanish toTelMex.
This documentation will include "asbuilt" drawings for
the cableroute,factory data, installation inspection and
test data, systemdescription, maintenance instructions,
andfault location procedures. Bythe timethis entire
project is completed, AT&T will have submitted more
than 65,000 systemdrawings toTelMex.

Customer Support
Asconstruction proceeds, AT&Ts experience

inoperating and maintaining optical fibernetworks is
beingshared with TelMex personnel at boththe execu­
tive andtechnical levels. About 40executives have partic­
ipated in seminars customized forTelMex. These semi­
nars,which describe AT&T'stransition to a digital net­
work, wereconducted in the U. S., The Netherlands, and
Spain, andwerestructured as round-table discussions
covering topics such as network architecture and tech­
nology (switching, transport, signaling, synchronization,
etc.). The seminars alsodealtwith planning, implementa­
tion, and operation ofeachtechnology sector, and traffic
management trends.

AT&T is encouraging ongoing dialogues with
TelMex executives to reinforce the flow ofinformation
at alllevels. About 120 TelMex technical personnel will
complete hands-on training covering the application and
maintenance ofthe network from each respective AT&T
businessunitfor the specific products beingdeployed.
AT&T Network Cable Systems has customized a restora­
tion plan basedonAT&Ts own restoration experiences
in the United States. Togive TelMex the mostadvanced
andfield-proven procedures forquickly restoring service
should a service outage occur, AT&T will presenta com­
pletepackage ofhardware and procedures, along with
hands-on training, to maintenance, engineering, andman­
agement employees ineach ofthe sixTelMex districts.
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