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Undersea light
wave communi
cations systems 
have made rapid 
advances to
ward meeting 
the ever in
creasing service 
needs for trans
oceanic com
munications. The 

first generation of undersea systems 
was installed in 1988 and provided 
service between North America and 
Europe across the Atlantic Ocean and 
between North America and Japan 
across the Pacific. The second gen
eration system, operating at twice the 
capacity of the first, is scheduled for 
service in 1991. Further rapid growth is 
predicted on both markets, and future 
technological options are discussed 
that are capable of meeting these needs. 

Undersea communications systems 
can look back upon a rich history of 
technological accomplishments. The 
first transatlantic telegraph cable was 
installed in 1858. In 1955. the first ana
log transatlantic telephone cable (TAT-
1) began service at a capacity of 48 
channels per cable. Several families of 
analog coaxial systems followed with 
140. 840, and 4200 channels per co
axial cable. The last of these systems. 
TAT-7, was ready for service in 1983. 
Circuit multiplication techniques, called 
TASI for Time Assignment Speech Inter
polation, permitted an effective increase 
in available telephone circuits by a 
2 to 1 ratio. 

In 1988, the first generation of un
dersea lightwave systems, TAT-8, 
was installed with a capacity of over 
8,000 circuits. The new lightwave tech
nology could provide a capacity greater 
than that of the latest coaxial sys
tem with reduced cable sizes and in
creased repeater spacings. It clearly 
was the technology of choice. This 
first generation system util ized the 
1.3 µm transmission window, em
p loy ing mul t i - longi tud inal mode 
lasers and single mode fibers with 
1.3 µm zero dispersion wavelength. 
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In addition, the lightwave technology 
allowed digital service connectivity and 
the capability for new broadband digi
tal services. The enhancements in the 
digital technology also permitted circuit 
multiplication of up to a factor of 5 to 1, 
increasing the total potentially available 
capacity of TAT-8 to 40,000 simultaneous 
voice communication channels. 

With this first generation lightwave 
system, digital optical communication 
systems have established themselves 
as the transmission medium of choice. 
We will focus here on the performance 
of present systems, the plans for the 
next generation systems, and the op
portunities for future systems. 

Present lightwave systems 
The transmission performance of 
present major lightwave systems—TAT-
8, TPC-3 and HAW-4—are monitored 
continuously. All systems have per
formed basically error free. The aver
age performance, as measured by 
metrics such as outage, degraded min
utes, severely errored seconds, and 
errored seconds, exceed by far the sys
tem requirements set by the system's 
owners. The performance of digital 
services as judged by the users reflects 
the technical performance measures: 
the transmission quality is judged to 
be excellent. 

To be sure, there have been events 
that disrupted service. Upon close ex
amination, they were found to be unre
lated to the new lightwave technology, 
but caused by effects such as damage to 
cables by fishing trawlers and high volt
age breakdowns, etc. Overall, the first 
generation of lightwave systems has 
performed well and exceeded the trans
mission objectives. 

AT&T delivered 85% of TAT-8; as mea
sured by the statistical distributions of 
components and system parameters 
installed, a remarkable success story 
unfolds. Figure 1, for example, shows the 
repeater output power, as measured at 
ocean bottom temperature of 4°C, with 
a mean power of 0.2dBm and a standard 
deviation of only 0.6 dB (as measured 
for all installed repeaters). 

Figure 1. Cumulative distribution of TAT-8 repeater output power. 

Even more tightly distributedwere the 
repeater sensitivities shown in Figure 2 
for p-i-n receivers with a mean of -37.2 
dBm and σ=0.2 dB. The TAT-8 repeater 
spacings (in the AT&T portion) aver
aged to 67 km, σ=2 km (Figure 3). The 
margins in all spaces average to 9.7 dB, 

σ=1.2 dB, compared to minimum were 
the repeater sensitivities shown in Fig
ure 2 for p-i-n receivers with a mean 

of -37.2 dBm and σ=0.2 dB. The TAT-8 
repeater spacings (in the AT&T por
tion) averaged to 67 km, σ=2 km (Figure 
3). The margins in all spaces average to 
9.7 dB, σ=1.2 dB, compared to minimum 
required span marginof 4 dB (Figure 4). 

The success of the first generation 
undersea lightwave system has been 
nothing less than spectacular. At 
present, these systems are being in-

Figure 2. Cumulative distribution of TAT-8 repeater sensitivity. 
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Figure 3. Cumulative distribution of TAT-8 repeater spacings. 

stalled at a rate of about 18,000 cable 
km per year, with more than 25,000 
cable km installed to date. Circuit ca
pacity for undersea systems is growing 
worldwide at a rate of about 200 million 
voice circuit-km per year, as measured 
in 64 kb/s voice circuits. To date, over 
400 million voice circuit km have been 
turned over to service. The above 
growths rates are projected to 

continue through the second generation 
lightwave systems well into the middle 
of the decade. 

Second generation 
lightwave systems 
Second generation lightwave systems 
will operate at 560 Mb/s per fiber pair 
with first service planned for Septem
ber 1991. The first system, TAT-9, will 

span the North Atlantic from the U.S. 
and Canada to the U.K., France, and 
Spain. Multiple landings will be accom
plished by Undersea Branching Multi
plexers (UBM) capable of exchanging 
traffic between fiber pairs at 140 or 45 
Mb/s. The total available capacity is 
16,000 voice circuits, which could be 
expanded to 80,000 circuits by employ
ing digi tal c i rcui t mul t ip l icat ion 
techniques. 

The lightwave technology to be em
ployed in this generation is significantly 
advanced over the first. For the first 
time, the transmission window at 1.55 
µm will be employed, using low chirp 
distributed feedback single frequency 
lasers, and again single mode fibers 
with 1.3 µm zero dispersion wavelength. 
This combination will permit repeater 
spacings approaching twice the dis
tance of the first generation. 

TAT-9 will be supplied by multiple 
international suppliers. To assure suc
cessful interworkings of all subsystems, 
system integration activities are being 
conducted, as was done successfully 
for the first generation systems. The 
integration methodology consists of the 
development of detailed interface 
specif ications for the underwater 
transmission plant to allow mid-ocean 
interconnect ions. Furthermore, 
interworking specifications for the 
shore equipment, transmission termi
nals, special UBM terminal equipment, 
and power plant equipment were de
veloped. During the development phase 
of the project, test programs are run to 
evaluate prototype hardware and soft
ware of all suppliers against the inte
gration requirements and in a simu
lated system environment. 

The integration activities for TAT-9 
and TPC-4, the next Transpacific sys
tem, are progressing well and are ap
proaching their final phases. 

Future 
system technologies 
The traffic demand between the major 
population centers around the Atlantic 
and Pacific Oceans seems to continue 
to grow unabatedly in the range of 20 to Figure 4. Cumulative distribution of TAT-8 transmission span margins at sea bottom. 
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30% per year. Hence the relent less 
search for new technologies to help 
exploit the real potential of l ightwave 
communica t ions . For undersea sys
tems, several choices arc beginning to 
crystal l ize as candidates for next gen
eration systems. 

Extending the present direct detec
tion technologies into the multi-gigabit 
range ranks high on the list. Terrestr ia l 
developments have begun for 2.5 Gb/s 
SONET based t ransmission systems. 
Next generat ion undersea sys tems 
could bui ld on that expert ise and pro
vide a four-fold increase in transmis
sion capacity. 

Optical amplifier based systems seem 
further out in the future, but offer the 
prospects of a bit rate independent 
t ransport medium. Conceptua l l y , at 
least, ampl i f ier -based systems a lso 
could provide mult iple channel trans
mission by wavelength d iv is ion multi
plexing. Many fundamental issues need 
to be understood before a transoceanic 
amplifier system could be real ized. 

L ightwave Undersea Transmiss ion 
Systems have begun a revolut ion in 
transoceanic communicat ion. The first 
generation systems, presently in ser
vice, have demonstrated excellent per
formance. The demand for capaci ty 
continues to increase, dr iv ing us to
ward cont inuously advancing technical 
solut ions for future undersea systems. 

P.K. RUNGE is head of the Undersea 
Lightwave System Implementation De

a r t m e n t , AT&T Bell Labora to r ies , 
Holmdel , N.J. 
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