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Since its inception in 1973,
Ethernet has evolved into a

highly reliable technology that

has been embraced by the in-
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traffic. Meanwhile, fiber op-

tics has paved the way for in-

creasingly faster data pipes to

carry traffic stimulated from

the acute rise in broadband
for high-speed Inter-
net access,
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Figure 1. Despite talk of a band-

width glut earlier this decade, a small
percentage of U.S. businesses have

access to fiber.

dustry for both LAN and
WAN applications because it
is ideally suited for scaleable,
cost-efficient transport of IP

Continued growth
of bandwidth, richer

media applications,
better and cheaper
technology—all
sounds good, right?
But hang on; Fig. 1
paints a scary picture.
Even with consumer
broadband penetra-
tion rates hovering
around 65% in the
U.S. and consider-
ing advances in fiber
optics, semiconduc-
tOrs, MICrOprocessors,
etc., the percentage
of businesses that are actually
connected to fiber today ac-
cording to telecom and analyst
firm Vertical page 39 &

www.lightwaveonline.com

B TECHNOLOGY

AWG passive thermal compen-
sation techniques for WDM-PON

BY JACQUES BISMUTH,
MARTIN BOULANGER, AND

JAN INGENHOFF

Fiber to the home (FTTH) is
now receiving increased at-
tention, as telecommu-
nication carriers begin to
upgrade services from tra-
ditional voice andfor broad-

band to full triple play. Market
estimates show that in the very

near future, the average band-

OCUS
L of bandwidth. They also

width required by the sub-
scribers will beupto 1 Gbit/sec.
The shared PON architectures
(B/E/GPON) currentlyused in
access networks have issues
in delivering this level

offervery limited upstream
bandwidth. Thus, there is a

consensus that next-gener-
ation PON systems will use

WDM in WDM-PON archi-

tectures that offer large sym-
metric bandwidth (Fig. 1).
Because thcy are passive
and have excellent optical per-
formance, athermal arrayed
wamguidc gratings (AWGs)
are the perfect candidates to
perform the WDM function
in such systems. Furthermore,

thev are based on the same
planarlightwave circuit (PLC)

platforms as page 11

W APPLICATIONS

FBG dispersion compensation improves
amplification designs and strategies

By FREDRIK SJOSTROM,
BENGT JOHANSSON, and

DAVID MENASHE, PhD
Lowering the cost of opti-
cal transport is a top prior-
ity for both system vendors
and network operators in the
telecommunication indus-
try. The constant challenge
to push costs lower is driven

providers
cations sector.

by the competitive nature of
the industry but has, in recent
years, been receivingin-
creased attention in or-
der to justify the intended/
ongoing 10G to 40G transi-
tion of the industry.

In this article, we explain
how fiber Bragg grating
(FBG)-based chromatic dis-

in the optic

persion compensation tech-
nology can facilitate these
long sought-after cost
savings by supporting
new low-cost amplifica-
tion strategies and new cost-
and performance-optimized
amplifier designs.

FBGSs vs. dispersion

compensating fiber

Chromatic dispersion com-
pensation using reflective
FBGs is fundamentally differ-
ent from the incumbent tech-
nology used for dispersion
compensation, dispcrsicn—
compensating fiber (DCF).
Dispersion management uti-
lizing FBGs is based on the
introduction of wavelength-
specific time delays through
the use of a precisely chirped
fiber grating. The grating can
be made to page 33



utilizing spools of DCF. However, this article
will mainly focus on the unigue properties di-
rectly enabling novel and cost-effective ampli-
fier architectures and designs.

The most obvious and commonly known
advantage related to FBG-based dispersion
compensation modules (FBG-DCMs) is low
insertion loss (IL). Typically, a 120-km FBG-
DCM has an insertion loss in the range of 3 to
4 dB depending on type, while a DCF equiva-
lent suffers IL of approximately 10 dB or even
greater. Furthermore, the FBG-DCM has an
advantage in having virtually constantIL ver-
sug span length whereas the IL of the DCF-
DCM grows linearly with span length.

Apart from the favorable form factor, this
length difference also yields one other key ad-
vantage of the FBG-DCM compared to the
DCF-DCM: low latency. The latency, defined
as the time delay of an optical signal imposed
by any in-line device, is in the case of passive
dispersion compensation directly proportional
to the optical path length of the device.

Latency numbers in the range of 100 psec are
not uncommon for DCF-DCMs, On the other
hand, the latency of a FEG-DCM is typically
three orders of magnitude smaller and can in
maost practical cases be considered negligible.

The ability to tolerate high optical powers
without suffering from penalties caused by
nonlinear effects is also one prominent char-
acteristic separating the FBG-DCM from the

Conventional EDFAs can be optimized in a
number of ways if the unique qualities of the
FBG-DCM are properly leveraged. Signifi-
cant improvements can be achieved not only
regarding performance, such as improving
noise figure (NF), but also in size, cost, and
robustness of design.

Let us examine the degrees of freedom of-
fered by the low and virtually span-length-in-
dependent loss offered by an FBG-DCM.

A traditional mid-stage access amplifier
(MSA) is typically designed for a mid-stage
DCEF loss of about 10 dB. In reality the actual
loss between preamplifier and booster can be
as high as 12 dB, since optical isolators are
needed to prevent backscattering. The 10-dB
loss permitted at the mid-stage is able to sup-
port about 100 to 120 km of DCF-based single-
mode fiber dispersion compensation.

The same IL limit yields a dispersion com-
pensation length of about 400 km for a contin-
uous FBG-DCM and significantly longer fora
channelized version. The FBG-DCM incorpo-
rates circulator(s) by defanlt, thus facilitating
the exclusion of the loss-prone optical isolators
in the amplifier mid-stage block.

The low IL of the FBG-DCM may be val-
ued differently depending on network topol-
ogy, individual link design, and tolerance. Low
IL can be used to simplify the MSA design, but
in some cases where in-line dispersion com-
pensation is sufficient, it  Cont onpg 34 b
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favored 1x32 split ratio, it will be ableto deliver 40Gx 32 sub-
scribers, or more than 1 Gbit per subscriber. Andwhen you
add a WDM-PON overlay, said Blake, it gets even worse—
for the MSO competitor, that is,

For his part, Blake believes that “FT'TH is more capable
thanany known or currently foreseeable coax technology,”
and he maintained that MSOs “can easily offer any PON-
based services.” But he also cautioned that the MSOs need
to get the timing right—too early and they tic up precious
capital, too late and they may miss the opportunity to com-
pete. “It's not a crisis now, " he said, “but we can't wait until
it becomes a crisis either,”

That said, most who wandered the halls of the Cable-Tec
Expo would likely admit that the situation isnotas simple as,
“Hey, let’s all go out and deploy FTTH tomorrow.” In reality,
the cable operators—particularly the larger, publicly owned
entitics—are hampered by Wall Street’s revenue expecta-
tions. They spentbillions of dollars on their HFC networks
in the 1990s and simply cannot justify & massive rip-out-

and-redo initiative like Verizon's.

So how can the MSOs convince

their customers they havea compet-
itive triple-play offering while also
nullifying Wall Street analysts'fear
of fiber costs? The most likely sce-
nario is that the M30s will adopt
an FTTH-like technology, but one
that leverages their existing archi-

Meghan Fuller tectures and back office systems,
Hanna /s senior thereby mitigating some of the ex-
editor at Lightwave. pense. And, in  Cont onpg 36 P
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