
Undersea Lightwave Systems

Peter K. Runge Undersea lightwave systems have been inservice since 1988 across the
Atlantic Ocean, andsince 1989 across the Pacific Ocean. Thesehigh­
capacity, 28D-Mb/s (megabit per second) digital communications systems
have broughtabout a revolution in available system capacity and service
quality compared to prior analog coaxial systems. In 1991, the technological
progress continued as we began to install the highercapacity systems (i.e.,
560 Mb/s) that use advances in laserandfiber technology. On the drawing
board are systems targeted for service in 1995 that are based onrevolution­
aryoptical-amplifier technology with 5,00D-Mb/s capacity. Thispaper will
capture this unprecedented progress in undersea communications history.
We startwith the experience gained with today's undersea lightwave sys­
tems, then describe plans for the next-generation systems, andconclude
with a look at the newest amplifier-based system technology.

Historic Perspectives and Trends
The providers ofundersea communi­

cationssystems can lookback on a rich his­
tory oftechnological accomplishments. The
first transatlantic telegraphcablewas
installed in 1858. In 1956, the first analog
transatlantic telephonecable (i.e., TAT-I)
began servicewitha capacity of36simultane­
ous voice-communications circuits (some­
times referred to as channels). Several fami­
lies ofanalogcoaxial systemsfollowed with
140,840, and 4200 channelsper coaxial cable.
The last ofthese systems,TAT-7, wasready
for servicein 1983.

All the analog cablesystems used cir­
cuit multiplication techniquescalled TASI that
effectively doubled the number ofavailable
telephonecircuits. TASI, whichstands for
time-assignment speech interpolation, uses the
natural pauses in conversations to carry other
calls. (Panel1 definesacronyms and terms.)

". In 1988, the first transatlantic tele-
phone system-i.e., TAT-8-was installed. It
wasbased on the newdigital lightwave trans­
mission technology, and had a capacity of
8,000 digital voice circuitsat 64kb/s (kilobits
per second).The quality ofthe digital service
that this newlightwave technology provided

wasfar superior to the quality ofanalog ser­
vice. The technology supported digital service
connectivity and the capability fornewbroad­
band digital services. In addition, enhance­
ments in the digital technology permitted cir­
cuit multiplication ofup to 5 to 1, which
increasedTAT-8's totalpotentially available
capacity to 40,000 simultaneous voice­
communications circuits.

This newlightwave technology
reduced cablesizesand increasedrepeater
spacings (the distance between repeaters),
yet provided forgreater capacity than the lat­
est coaxial system. Clearly, it wasthe technol­
ogyofchoice. This first-generation system
used the 1.3-11m (micrometer) transmission
window. (Thiswindow is determined bya nat­
ural minimum that occurs in the fiber trans­
mission loss around 1.3 um.) Systems that
operate in this window use multifrequency
lasers and single-mode fiberswith a 1.3-11m
zero-dispersion wavelength.

International Network. Withthis first­
generation lightwave system, digital optical
communications systemshaveestablished
themselves as the transmission medium of
choice. This is confirmed by a lookat Fig­
ure 1,a world mapthat showsinstalled and
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Panel 1. Abbreviations, Acronyms, and Terms

AGC - automatic gaincontrol
APC - underseacablebetween HongKong and Singa-

pore
APD - avalanche photodiode
ASE - amplified spontaneous emission
BER - bit-error rate
channels- simultaneous voice-communications

circuits
EDFA - erbium-doped fiberamplifier
EM05-1- cablesystemthat connectsseveral countries

on the Mediterranean Sea
G-P-T - cablesystemthat connectsGuam, the Philip­

pines, andTaiwan
H-J-K - cablesystemthat connectsHongKong, Japan,

and Korea
HAW-n - cableacrossthe Pacific Ocean, extending

from the continental United Statesto Hawaii
InGaAs - indium gallium arsenide
MAT-2 - cablesystem2 in the westernMediterranean

that connectsSpain, Majorca, and Italy
NPC - underseasystemacross the northern Pacific
PTAT - cablesystemacross the Atlantic Oceanthat

connects the United Statesto Bermuda and Ireland
SAW - surface acoustic wave
SDH- synchronous digital hierarchy
SEA-ME-WE-2 - underseasystem2 to connect

southeastAsia, the Middle East,andwestern
Europe

0" - standarddeviation
Si- silicon
TIL - transposition and loopback
TASI - time-assignment speechinterpolation
TAT-n - transatlantic telephone cablesystem
TCSl - cablesystemthat connects Florida, St.Thomas,

and Columbia
TPC-n - transpacific cablesystem
UBM - underseabranching multiplexer
WDM - wavelength-division multiplexer

planned undersealightwave systemsthrough 1996. The
providers ofinternational communications service are
planning an extensive international communications net­
workthat connects major population centers in Europe,
NorthAmerica, and the Pacific Rim region. The network
planis basedon three generations ofundersealightwave
systemsofconsecutively higher capacities.

The/irst-generation systems operated at 280 Mb/s
(megabits per second) per fiberpair. These systemscross
the Atlantic Ocean as TAT-8, and the Pacific Ocean as
TPC-3 (for transpacific cable) and Hawaii-4 (or HAW-4).
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The second-generation systems will operate at
560 Mb/s per fiberpairandwill be installed acrossthe
Atlantic as TAT-9, TAT-lO, andTAT-ll, and acrossthe
Pacific as TPC-4.The technology advancements include a
shiftin the operating wavelength to 1.55 urnand the use
ofsingle-frequency lasers with high spectral priority.

Planning has now begunforthe third generation
ofundersealightwave systems. These systems will be
based on a revolutionary optical-amplifier technology.
Theywill operateat 5 Gb/s (gigabits per second) per
fiberpair, and use fiberwith a zero-dispersion wave­
lengthat 1.55 urn. The systems will be installed as
TAT-l2 andTAT-l3 acrossthe Atlantic and as TPC-5
andTPC-6acrossthe Pacific, startingin 1995.

This paperdiscusses the:
- Three generations ofundersealightwave systems

andtheir characteristics
- Technology improvements that led to this unprece­

dented growth in undersealightwave systems
- Capabilities ofa network based on underseacom­

munications systems.

Current Lightwave Systems
By1990, the first-generation undersealightwave

systemswereproviding digital connectivity between
Europe, NorthAmerica, and the westernPacific. In addi­
tion, systemshad been installed between the United
Statesand the Caribbean region, acrossthe North Sea,
and in the Mediterranean region. The first-generation
undersealightwave systemsconnect many countries in
the world, giving them high-quality, digital service.

Figure2ashows a typical undersealightwave sys­
tem,as it would be installed between three terminal sta­
tionson opposite sidesofan ocean. (Forexample, this
configuration wasused forTAT-8, which provides service
between the United Statesand GreatBritain and France).

In the 280-Mb/s systems, each terminal station
contains transmission equipment that multiplexes two
incoming 140-Mb/s information streamsto a 295.~Mb/s
linesignal, andsupplies optical pulsessuitable forthe
optical, underseacommunications medium. Power-feed
equipment in the terminal stations canprovide either
positive or negative 7500V (volts) to power the sub­
mergedrepeaterswith a constantcurrent of 1.6A
(amperes) that flows through the underseacable and all
repeaters in series.The ocean waterservesas a return
conductor to closethe power-feed loop.



-- In service

- Planned

In addition, the terminal station contains main­
tenanceequipment. Acomputer terminal enablesthe
station's craftspeople to interrogate the performance of
submergedrepeaters. If a fault occurs in the system, the
maintenance computer canautomatically locate the fault
and execute restoration and bypassprocedures, or
switch to redundanttransmitters in the undersea
repeater, as needed.

The underseaplantconsistsofundersea
cable and submerged repeaters. If needed, branching
repeatersare included that allow somefiberpairsto
branch off between two terminal stations. The undersea
cable and repeaters are described in detail in the next
two sections.

Undersea Lightwave Cable. Figure2b shows a
cross-sectional view ofthe deep-sea underseacable,
while Figure2cdepicts details ofthe core, i.e., the center
ofthe cable.

The core consistsofa center steelwire sur­
roundedby an elastomer in which up to sixcommuni-

Figure 1. A worldwide intelligent network is planned, based
on three generations of undersea lightwave systems with
increasing capacities. The first generation provides 280

Mb/s per fiber pair; the second generation will provide 560
Mb/s per fiber pair, while the third will provide 5 Gb/s per

fiber pair. This map includes all major international systems.

cations fibers are embedded. (Inthe diagram, only four
fibers are shown embedded in the elastomer, a rubber­
likesynthetic polymer.)

Amatrix ofinterlocking steelwires surrounds
the cable coreandforms a cagearound it.Thiscage
inside the cableprotects the fibers from ocean pressure
and provides tensile strength to the cable. Atube ofcop­
per is compressed ontothe steelwires, providing a her­
metic seal to the core area. The copper tube also serves
as the conductor pathforpower to the undersea
repeaters. Alayerofpolyethylene insulating material sur­
roundsthe copper to provide dielectric insulation and
protectthe copper from mechanical abrasion.

AT&TTECHNICALJOURNAL.JANUARY/FEBRUARY 1992 7



Ii
Power-feed
equipment

o
~~

Maintenance
equipment

Terminal
station

Terminal
station

Core-+--

(b)

Polyethylene

Copper

--1-- Steel strand

~-- Elastomer

I--+-- Steel wire

~""'-Fiber

......_..,.,.,,-......-- Nylon

(c)

Figure 2. Deep-water undersea lightwave transmission sys­
tem. (a) Typical system installed between three terminal
stations on opposite sides of an ocean. A constant 1.6A
flows through the undersea cable and repeaters in series. The

ocean water serves as a return conductor for the power-feed
loop. Station personnel can check repeater performance
from a computer terminal. A maintenance computer auto­
matically locates any faults and restores or bypasses them
or switches to a redundant repeater. (b) Cross-section of an
undersea lightwave cable with two fiber pairs. Interlocked
steel wires surround the core to give the cable tensile
strength and protect the fibers from ocean pressure. The

copper jacket forms a hermetic seal for the core and con­
ducts power to the undersea repeaters. (c) Up to six com­
munications fibers may be embedded in the elastomer that

surroundsthe steel wire at the core's center.

Cablesdeployed in shallow waterclose to the
shore run the greatest risk ofdamagefromhuman inter­
vention (forexample, a ship's anchors or the activities of
a fishing trawler) or naturalcauses (forexample, under­
sea earth slides). To protect the cable,severallayersof
armored steel wiressurround the basiccablestructure
that we showin Figure2c.The armoredcable is buried
(toa depth ofabout 1 meter) in the oceanbottomnear
the shore ends ofa cablesystemwhere fishing activities
mightotherwise snare and damagea cablethat lies on
the oceanfloor.

In 1985, the first undersea lightwave system
(Optican 1) wasinstalled betweenTenerifeand Grand
Canaria in the Canary Islands, and started to provide ser­
vicein 1986. This system's deep-water cablewas installed
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at a waterdepth ofless than 2000 meters and suffered
damagefrom shark bites. For reasons stillnot com­
pletely understood, sharks were attractedto the cable.
Their teeth could penetrate the polyethylene dielectric
layer, which caused shorts between the copperconduc­
tor and sea water. The problem wassolved with fish-bite
protected cable. That is, a protective layerofsteel tape
wasadded to the outsideofthe cable in Figure2b and
wascovered by an additional layerofpolyethylene.

Since then, allsystems installed haveused the
fish-bite protectedcableto a waterdepth ofabout2000
meters. Nofurther shark attackshavebeen recordedon
anyofthese systems.

Undersea Repeaters. Undersearepeaters contain
up to sixoptical regenerators to provide transmission for
up to three fiber pairs. The repeaters alsocontain super­
visory and powercircuits. The major functional blocks in
each regenerator (Figure 3a) include:
- The optical receiver
- An automatic gain control (AGe) amplifier
- Atimingrecovery circuit
- Adecision circuit
- Atransposition and loopback (T/L) circuit
- Atransmitterand optical switch combination that pro-

videstwo available transmittersper outgoing fiber.
All the electronic circuitswere implemented withcus­
tom, Si (silicon) bipolar integratedcircuits. The diagram
showsthe relationships amongthe regeneratorbuilding
blocksand their connections to the supervisory monitor­
ingcircuits.

Lightpulses in the incoming fiber (or light­
guide) enter the receiver, where an InGaAs (indium
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Figure 3. Repeater design. f'a) Currently, each repeater has
up to six optical regenerators that provide transmission for

up to three fiber pairs. The regenerator's major functional
blocks are connected to the supervisory monitoring circuits.

(b) The new, one-way, optical-amplifier repeater operates at
2.5 and 5 Gb/s and does not require electronic circuits for
detection, regeneration, and retransmission. Combining the

output from two pump lasers provides robustness against
the failure of one laser.

gallium arsenide) photodiode converts them intoelectri­
calpulsesthat a silicon bipolar preamplifier then ampli­
fies. These electrical pulsesgo to the AGC amplifier, which
provides mostofthe regeneratorgainby electronic
amplification. The AGC alsoadjusts the signal amplitude
ofthe datastreamto the optimum level for the decision
circuit. Fromthe electrical datastream, the retiming cir­
cuitextractsa clock signal that is phasecoherentwith
the data. This circuit uses a surface-acoustic-wave (SAW)
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Figure 4. Transmission span margins for the AT&T-supplied
portion of TAT-8. The margin average of 9.7 dB, with a stan­
dard deviation of only 1.2 dB, compares favorably to the
4-dB minimum required span margin.

System Performance. WhenTAT-8 wasbeing
installed, various performance parameterswere mea­
sured that demonstrated, by their tight distributions,
excellent control ofthe numerous processesused to real­
izea system. For example, Figure4 showsthe margins
ofall repeater sections in the AT&T-supplied portion of
TAT-8. (AT&T supplied 85percent OfTAT-8, STC ofGreat
Britain supplied 8 percent, and Submarcom ofFrance
supplied 7 percent.) The margin measuresthe allowable
change in received optical powerin each system before
the transmission becomesunacceptable. The mean or
margin average is 9.7 dB (decibels), with a standarddevi­
ation o ofonly 1.2 dB. This compares favorably to a mini­
mumrequiredspanmargin of4 dB.

Other statistical distributions are as impressive.
For example, the meanrepeater-output power (mea­
sured at the oceanbottomat a temperature of4DC) is
0.2 dBm (decibels below 1 milliwatt), witha standard
deviation ofonly0.6dB. Even tighter is the distribution
of repeater sensitivities, witha meanof-37.2 dBmand
a standarddeviation of0.2 dB.

This data speakswell ofthe quality processes
used to implement this technology. The above parame­
ters permitted repeater spacings of70km (kilometers).

The quality ofthe designis reflected in the trans­
mission performance as well. The transmission perfor­
mance ofcurrent major lightwave systems-i.e., TAT-8,
TPC-3, and HAW-4-are monitored continuously by the
terminal stations. The performance (measured by met­
rics such as outage, degradedminutes, severely errored
seconds, and errored seconds) far exceededthe system
requirements set by the systems'owners. The perfor­
mance ofthe digital services, as judgedby customers,
reflects the technical performance measures. Customers
view the transmission quality as excellent. Transoceanic
telephone conversations now soundas clearas if they
originated "nextdoor."

The success ofthe first-generation undersea
lightwave systemshas been nothingless than spectacu­
lar.These systemshavebeen installed at an average rate
ofabout18,000 km ofcableper year,withmorethan
45,000 km ofcableinstalled to date.The available circuit
capacity forundersea systemsis growing worldwide at a
rate ofabout 200 million kilometers ofvoice circuits per
year, as measuredin 64-kb/svoice circuits. To date,
more than 400 million kilometers ofvoice circuits have
been placed intoservice.
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filter. The decision circuitacceptsthe recovered clock
and data stream. It uses the clock to reconstructthe data
with preciseamplitude and transition spacings, and
passes the reconstructed data stream (still in electrical
form) to the transposition and loopback networks.

The transposition and loopback network allows
electrical interconnections to be madebetween regenera­
tors in the same (transposition) and opposite (loopback)
directions. The transposition switching feature provides
span-by-span redundancy that permitsfaults to be by­
passedanywhere in the transmission spanbetween trans­
position and loopback networks in adjacent repeaters.
Whena faulted systemis out ofservice, the terminal sta­
tion can use the loopback feature to measure the system's
performance to locate the repeater or fiber section at fault.

The transmitteruses an InGaAsP laser diode to
convertthe regenerated electrical signalbackintoan
optical signal. Each regeneratorcontains the primary
transmitter, along withan inactive transmitterthat is on
standby. Should the performance ofthe primary unit
become marginal, the standbytransmittercan be
switched intoservice viathe supervisory circuit. An opti­
cal relaythat serves as a 2 x 1optical switch connects
the outputfibersofboth transmitters to the transmission
fiber. The terminal station'ssupervisory unit switches
the optical relaysby remotecontrol viathe regenerator's
supervisory controlcircuits.
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AT&T projects that, with the next-generation
lightwave systems, these growth rates will continue well
beyond the middle ofthe 1990s.

Second-Generation Lightwave Systems
The second-generation lightwave systemswill

operateat 560 Mb/s per fiberpair.
The first installation is a transatlantic system,

TAT-9, and is planned for September 1991, with service
expected to start in early1992. It will spanfrom the
United Statesand Canada to GreatBritain, France, and
Spain. In this system, the connecting cablenodeswill
contain underseabranchingmultiplexers (DBMs) that
canexchange traffic between fiberpairsand between
multiple cablestationsat 140 or 45Mb/s. The system's
total available transoceanic capacity is 16,000 voice cir­
cuits. However, digital-circuit multiplication techniques
could expand this to 80,000 circuits.

The first transpacific system, TPC-4, will inter­
connectthe United States, Canada, andJapanin 1992,
usinga branching repeater.

This generation's systemswill use lightwave
technology that is muchmoreadvanced than the first
generation's systems. For the first time, systemswill
use the 1.55oIlm transmission window, and take advan­
tage ofits muchlower fiber-transmission lossofless
than 0.2 dB/km (decibels per kilometer). Distributed­
feedback, single-frequency lasers with low chirpare now
requiredto permittransmission overfibers that stillhave
a l.Sum zero-dispersion wavelength. (Chirp refers to a
changein the optical frequency with the modulating
pulse.) In addition, avalanche photodiodes (APDS) in the
receiver will provide improved sensitivity. This combina­
tionwill permitrepeater spacings that approach 150 km.

Companies from several nations will supply com­
ponents for and install TAT-9. Aswasdonefor the first­
generation systems, the suppliers are conducting system­
integration activities to ensure that allsubsystems inter­
worksuccessfully. The integration methodology consists
ofthe development ofdetailed interface specifications for
the underwater transmission plantto allow interconnec­
tionsbetween hardware from different suppliers. Fur­
thermore, interworking specifications weredeveloped
for the shore equipment: transmission terminals, special
UBM terminal equipment, and power-plant equipment.

During the development phase ofthe project,
the suppliers ran test programs in a simulated

environment to evaluate prototype hardware and soft­
warefrom all suppliers against the integration require­
ments. The integration development phaseforTAT-9 was
completed successfully. Atthe timeofthis writing, the
four TAT-9 suppliers weremanufacturing their respective
portions ofthe system. Bythe timethis paperis pub­
lished, the systemshould be readyto start service.

Overthe next several years, this second­
generation undersealightwave systemtechnology will
be applied to augment the already existing lightwave sys­
tems and expand the worldwide network. The network
will extenddigital connectivity to the SouthPacific,
southeastAsia, and other points. Weexpectthat the total
cable kilometers ofsecond-generation technology will
exceedthat ofthe firstgeneration. Thiswill permit con­
tinued rapid expansion ofthe capacity available in under­
sea lightwave systems, driven by marketneeds.

The economics ofthis technology is alsoproduc­
ingan interesting newtrend in the design ofundersea
networks. In the past, transoceanic systemshad been
designed and constructed as point-to-point systems
between points ofhigh-traffic demands. The newersys­
tems,TAT-lO andTAT-ll, are planned as networks with
mutual restoration capability. Weexpectthis newtrend
to become standard practice as the capacity per cable
systemincreasesand makesthe totaltraffic overone
systemmorevulnerable to a potential cable fault. Bycon­
structinga network with mutual restoration capability
overseveral systems, weincrease the network's availabil­
itybecausethis capability significantly reducesthe risk
oftotal network failure.

Future-System Technologies
Traffic demand between the major population

centers around the Atlantic and Pacific oceans seemsto
continue to growunabatedly about20to 30percentper
year.This drives a relentless searchfornewtechnolo­
gies to helpexploit the potential oflightwave communi­
cations. For underseasystems, several choices were
available as candidates for next-generation systems.

Extending the current regenerative technologies
intothe multi-gigabit rangerankedhigh on the list. Devel­
opment ofterrestrial systemshas begunfor2.5oGb/s
transmission systemsbasedon the synchronous digital
hierarchy (SDH). Next-generation underseasystems
could have been builton that expertise andcould have
provided a fourfold increase in transmission capacity.
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Figure 5. Logarithm of measured bit-error rate (HER) as a
function of transmission length through the loop. These
results demonstrate transoceanic length (900Q-km) capabil­
ity for both 2.5 Gb/s and 5 Gb/s.

On the other hand, systemsbased on optical
amplifiers seemed farther away fromreality. However,
optical-amplifier systems had the promiseofupgradabil­
ityto evenhigher capacities per fiberpair than conven­
tional regenerative systems.

AT&T has achieved experimental results that
confirm the transoceanic distancecapability oferbium­
dopedfiber-amplifier systems.1 For these experiments,
we used a recirculating loopthat consistedofan ampli­
fier chainwiththree 40-km spans ofoptical fiber, four
optical amplifiers, and the requisiteoptical components
for the loop.

Byloading the loopwithoptical pulses and clos­
ing it backon itself, one can observethe optical pulsesas
they propagate overmanythousand kilometers, together
withthe degradingoptical noise. Figure 5 showsa plotof
the measured transmission bit-errorrate (BER) as a func­
tionofthe transmission length. (In reality, we showthe
logarithm ofthe bit-error rate.)The measured BER results
for 2.5 Gb/s and 5 Gb/s demonstratetransoceanic length
capability (i.e., 9000 km) for both.

Figure3b is a schematic diagramofa one-way
optical-amplifier repeater that can operateat either
2.5 Gb/s or 5 Gb/s. Noteworthy is the basic simplicity
ofsuch a design (compared to the regenerative repeater

ofFigure3a) because no detection, regeneration, or
retransmission is required.Therefore, the undersea
plantneeds neither high-speed electronic circuits, nor
high-speed optical receivers, nor optical transmitters.

The optical transmission path consistsonly of
passive optical components:
- Awavelength-division multiplexer (WDM)
- The erbium-doped fiber amplifier
- Anisolator
- Afilterto reduce noisefromamplified spontaneous

emission (ASE).
To provide active gain,we"pump" the erbium-doped
fiberwithoptical powerfrom 1.48-llm pumplasers
through the WDM. Lightfrom the pumplaser excites the
erbiumatoms in the dopedfiber, so that they are able to
provide optical gainfor the 1.55-llm signal.

Also noteworthy is the simple sparingscheme
for pumplasers.To provide robustness for the amplifier
againstthe failure ofone pumplaser,wecombine the
outputpowerfromtwo pumplasers (using a polarization
combiner).

Current plansare for optical-amplifier-based sys­
tems to be available for transoceanic service inearly
1995. Suchsystems can be operatedinitially as 2.4-Gb/s
snu-compatlble systems to meet the needs ofthe evolv­
ing international network. Asthe communications traffic
increases, these systems (unlike the regenerator-based
systems) can be upgradedto 4.8Gb/s just by changes in
the terminal stations. Thus, the systemcan givethe
network's customers double the initial capacity for mini­
maladditional cost.

AT&T and its partners haveannounced plansto
expandtheir international networks in the Atlantic and
Pacific regions in 1995 and 1996 by using undersea sys­
tems withthis newamplifier.

Should the traffic demandcontinue to increase
as it has in the past,can the systemtechnology respond
and provide an evenlarger transoceanic capacity per
fiberpair than 5 Gb/s? The answeris a resounding yes.
Already, some experimental results usingoptical solitons
in an amplifier-based systemhave demonstrated the fea­
sibility of5-Gb/ s capacity. 2

Solitons are high-speed pulses that use the non­
linearity ofthe refraction ofthe optical-fiber core mate­
rial to compensate for the effects of fiberdispersion.
Consequently, the envelope ofthe soliton pulsesand the
pulse spectrumsufferlittlechange, ifany, over
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extremely longtransmission distances. Becausethe
spectrum does not change, multiple soliton channelsat
different transmission wavelengths could be sent simul­
taneously over the same fiber. Mollenauer predicts? the­
oretical capabilities offive simultaneous 5-Cb/s channels
overa 900D-km transmission distance, for a totalof
25 Gb/s per fiber pair.

Solitons are alsohighlypolarized. In principle,
we could use polarization multiplexing for a further dou­
blingofthe available capacity. It seems, the technology
will be ableand available to continue to meet the ever­
increasing servicedemands.

Conclusion
Lightwave undersea transmission systems have

had a major impacton international communications. We
are witnessing an interplay betweenincreasedservice
demand that drives improvements in optical communica­
tioncapabilities, and optical systemcapability that allows
improved servicecapabilities.

We see the evolution ofa globaltelecommunica­
tionsnetwork that relies on high-quality, undersea light­
wave transmission systems. This network will provide
worldwide, highlyreliable, digital connectivity.

AT&T has provided technology and leadership
to bring to market undersea lightwave systemsthat have

revolutionized, and are likely to continue to revolution­
ize, international communications.
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