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Metro Amplifiers Provide
Gain Without the Pain

Daryl Eigen, Senior VI, Sales and Marketing,
NI Photonics

Shibin Jiang, VP Technology, NP Photonics
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tis Fair o say that erbiom-doped Bber amplifiers noc

only defined the operating parameters le.p., the C-

band] of long-haul aptical neeworks, they alse helped
drive the success of denge wavelength division multiplexing,
(T eeclinology,

The poinc-to-point oprical backbone (hat evolved
from these technologics did an cxcellent job of meeting
and exceeding bandwidth requirements. tor long-haul
transimisstons. Soowell, o Fuer, thar cacrers bave shifred
cimphiasis to delivering lnterner crathic across mewo markers,
which pose very ditferent challenges—and oppormunities—
for conventional amplifier te |:|1|:||1gx'.

The mest aomble difference beoween leang-haul
and mecro markers is measured in dollar signs, The hey-
dav of network build-ours s past and, compared 1o
long-haul vendors, metro engineers came late o the parmy.
Bur even it they enjoved the same spending climate as
the late nineties alforded, merro architects would have
to stretch cheir funding o cover denser componentry,
amortize costs from a smaller base of ond users, and
compete. in 4 more populated market than long-haul
engineers. Consequently, snetro operators want 1o
upgrade their nerworks with a very low first investment
and o be-able to add on inexpensively as marker de-
mand dicrares. That requires more exible atd less costhy
amplificrs.

Amplibers also encounter new technical issies as chey
move downtown: growth in mereo gallic necessiates
greater degrees of flexibilin in the neowork, which trans-
lates into added components ar each node. S0, alchough
metro signals travel shoreer distinces than these on long-
haul nerworks, these signals often traverse more switch-
ing, multiplexing, and add/drop components as well as
more connectors and splices: betore they reach their
destination. Each of these components can incroduce
berween 4 and 9 dB of loss of the signal, for which am-
pliliees muese compensae. That leaves, Tor metro nerworks,
rwo porencial solutions; increase the frequency of dis:
erete oprical amplibcation or reduce the loss of node

l'.ZI:IIHPl.I[II_'[I‘..‘.
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Profit and Loss

Engineers, in general, and cash-serapped nemwork
architects i particular recognize char simpler 1s better-
as Jun:._: a5 ir gers the job done: This unwritten bw favors
amplificd or zero-los components, which nor only help
amplity necwork design, bue also it operacion, its flexi-
biliry, and bz ghilivy 1o be uperaded. The component-
level integration implied by this approach would alee
provide potential cost savings to network engineers, both
i the neas- and the long-term. Right sow, adding an am-
plifier ta a metro nerwork node genenally means adding
another card, which means adding to the tootpring,
power draw, trining: inventory, and costof the node,
[nregration s the easiest way to avoid this and reduce
I"lrll'.'|'1.'|.[]<.1|'l1|.]| COEES,

Integrared amplification, howevern also implies com-
pact technologies such as semiconductor optical ampli-
flers {SOAs) or lincar oprical amplifiers (LOAS), Both are
compact and inexpensive enongh o be incorporaced onto

the cards of other nevwork components. In Faer, the shaft

in focus w metro markers helped to boost flagging demand
for sermiconductor .|r:1]\-li1'a:-7 technologies, which now
find |-I'L'l'.!El'.l.'iI1 :'I|.1|.!‘|.il.'.l=il1r1 s |1n;:|.|11|1|5ﬁr|'\ AL TIETES ALCess
poines, There, the noise that SCOMAs and LOAs introduce
e the signal can be compensared for. However, when

integrated o components these amplifiers produce a
sort of cascaded configuration along a neswork route,
introducing an unmanageable level to noise.

This s precsely the problem that high-gan, low-
noise, crbivm-doped fiber amplifiers addressed in long-laul
opticil nerworks, which suggests that loss-less compo-
nents for the metrn are possihle anly i a small gain ole-
ment can be developed with the noise chizracieristics of
erbium-based technology. Erbium-daped waveguides ather
this along with a small form factar, bur they fall shorr an
gain and do not include electronics in the small {orm
facror package.

Conventional EDFAs designed for long-haul  sys-
tems are oo bulky, power hungey, and expensive 1o be
integrared into merro components or applied in such
high volume. In response. samé vendors have begun o
affer st ripped-down EIDFAs. bur even sereamlined, these
amplifiers still require an erbium-doped fiber component
measuring merers in length in order to convert 980 o1

480 num pump fight ine signal gain.
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The comples problem of inroducing low-cost flesi-
biliry into growing metro nerworks withour incroducing
signal noise, therefare, fnds its roer in the much ﬁim|1|1.'1
challenge of reducing the length of ethium-doped fiber
tequired o provide sufficient gain in integrated amplifiers,

Cine solution thar has emerged is echinm microfiber

{EMEF) |L:-.|1s|n:n::g'.'. which increases the concenrration of

erbivm aroms rendering comparable gain in a shorter
span af fiber, These micrafibers bave already |1¢'§1:|1 {0 e
place comventional -.-rhil.tz:1-r.in|lw:xj Fibrer components wich
high-gain, low-noise, multi-component glass serands just
4 few centimeters in length.

Their small size coupled and el fifunctiona ampli-
feation echoes the core EDEA technology thar helped
drive the rise of long-haul networks, Alse, their application
cxtends bevond sipnal amplibeation o include signal

veneration in the form of Aber lasees.

Core Technology: Erbium Microfibers

Erbium microlibers comptise multi-compenens glass
that allow doping concencrations of rarc-carth erhium
ions far above levels previously believed possihle with
conventional silics glasses, Their structure encloses o
single-mode Erd+-doped glass core wichin two cladding
layers wirth marched refractive index and rhermal expan-
sion performance. The result s gam per unie lenghe grearer
than 3 dBfem which when pumped by a laser diode,
rranslates into more than 20°dB ofsignal gaan acros the
C-band, Significantdy, this gain comes with the swne low
3.5 nose Egl]rt' that corventionzl EIFAs deliver,

But compact gain is only ong virme of microfiber
wechnolomy. In arder to be i:||;;*g|';1w:|. ety .|r1}|1|ii-i::|"1 will

alser require low-cost packaging thar maximizes |_m.|}r|i|||_',

efficiency. Conventlomal phowonic packaging of clectro-
optical components contributes anyvwhere from 30 o

3 pereent of o subsvstern's costand this cost scales propor-

nanally with the volume of the packaged product Ampli-

FUSION SPLICE

Figure 1: Erbium micro fiber technology relies on multicomponent
glass that allows much higher concentration of erbium atoms, de-
livering gain comparable to conventional EOFAs from fibers that
measure centimeters in length,

fiers based on EMFE rechnology can fr a considerahly
nal EIDEAs

becinse they require mo fiber spocling. Their small form

smaller eovelope and cost profile than tadic

feetor Facilitates integration inm devices designed for loss
compensation.  For example, active erbiom microfibiers
could replace passive hbers in switches, :|L|L|-"-.{:::-p ravalti
plexes, or arrayed waveguides. [n such conhigurations, the
pump diode and it clecrronies would b integrared di-
rectly onto the campanent’s card.

What's most imporrane, perhaps, is char this is not
thearetical or lab-bound technology for tomorrows ner-
works, It has already begun o find commercial application,
st recently inthe form ol a £rin block consisting of an
EMF efficiently coupled 1o a semiconductor pump laser,
I'his so-called gainler privides T dB of gain for either
channel or band ﬁmpﬁﬁ(';mnn anecl enalbles 'u'JI-_"_L',r:HCd loss

compersation lor metro DWIHM components,

NP COUPLER

NF MICRO-FIBER

PUMP LASER

CONTROL ELECTRONICS

Figure 2: Active erbium microfibers can replace passive fibers in switches, add/drop multiplexers or arayed
waveguides (o enable loss-less components. Or they may be configured as discrete compact gain blocks as
shown, Such pump/coupler modules have demansteated 10 dB ol gain ina package measuring 26 = 34 = 12 MM,
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Figure 4: Canventional EDFAs designed for long-haul systems are too bulky to be integrated into metro compo-
nents, Even stripped-down EDFAs require meter-length fiher components, Erbium-doped microfibers do not
require fiber spocling, atlowing them to deliver smaller form factors.

Summary

I.nr'lg-|1;u|| systems pose their own L|1;L]|::r1|:;rn b,
like tourises [rom the sticks, neowork engineers: have
found thar life gets wugher downown, The dense com
ponent populations of metro networks introduce more
J'J:;1¢.-|11i:1| SONITCEs :;Fnign;t] less, Meanwhile, Hmired real
estare, power budgets, and capital expenditures prohibi
frequent addirions of amplifier cards 1o compensate,
From an engineering perspective, the simplescsolution s
loss-less components, which require low-noise integrated
amplification, Rather than reinvent the wheel with new
;meliﬁt::uion schemes, erbom-doped :1:'L:;J'{J-.1JT1F1|:iHrrﬁ
offer a proven technology adapred o deliver compact gain
an the same cards thar perform swirching, multiplexing,
and add-drop functions,
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The comples problem of intreducing low-cost Hexi-
bility into growing merro nerworks withour introducing
signal noise, theretare, finds its oot 1 the much h]l1!|1|L'|
challenge of reducing the length of erbium-doped fiber
requircd to provide suthcient gain in integrated amplifiers,

Chne sodution that bas emerged 15 ecbium microfiber

(EME) rechnology, which increases the concentration of

erbium aroms rendering comparable gan in a shoreer
span of hber. These microbbers have already begun o ce-
place conventiomnal l.'fl]illlTI-d{Jl:lL'L{ fber COMPCILS wich
high-gain, lew-noise, multi-component glass strands just
a few cenumerers in length,

Their small sise conpled and multifuncrional ampli-
fication echoes the core EDFA technology thar helped
drive the rise of long-haul necworks. Also, their application
extenis beyond signal amplification o include signal

generation in the form of fiber lasers.

Core Technology: Erbium Microfibers
Lrbium microfibers comprise multi-component glass

thar allow doping concentrations of rare-carth eghium

jons Fir above levels previously believed |3chh.ii|1|L' with
conventional silica ;_;|:15M_'.‘>. Uheir strucoure encloses @
single-mode Erd +-doped glass core within rwo cladding
lavers wich marched refracuve index and thermal expan-
siom performance. The result is gain per unic length grearer
than 3 dB/em. which when pumped by a laser dinde,
translates into more than 20 4B of signal gain across the
Cobuand. Significantdy, this gain comes with che same low
3.5 naoijse figure thar conventional EDFAs delwer,

But compact gain is only one virtoe ol microfiber
technology, T order to be integrated, mecro amplifiers will
also require low-cost packaging thar maximizes coupling
efficicncy. Conventional photenic packaging of electro-
optical components coneribures .|1;_1.'l.~.|1|_'|1: [rom 50 1o
"5 percent of @ subsystenys cost and this cost seales propor

tionally with the volume of the packaged product, Amph-

FUSION SPLICE

NP COUPLER

PUMP LASER

NP MICRO-FIBER

Figure 1t Erbium micra fiber technotogy relies an multicomponent
glass that allows much higher concentration of erbium atoms, de
liwering zain comparable to conventional EDFAS fram fibers that
measure centimeters in lenglh,

fers bised on EMF rechnology can bt @ considerally
smialler envelope and cost profile than rraditonal EDPAs
because they require o fiber spooling, Their small form
facor facilivates integration into devices designed lor Joss
compensation. For example, active erbium microfibers
could replace passive fbees in swirches, add/drop mula-
plexes, ar armayed waveguides, [n such conbgursions, the
pump dhode and it elecrronics would be incegrated di-
rectly nnto the components card.

Whars most importane, perhaps, s thar this &5 oo
thearerical or lah-hound technology for wmorrow's ne
waorks: [t his alréady begun w find commercial appliciton,
mast recenty in the form of @ gain block consisting of an

EME ctficienty coupled o a semiconducior pum aser.

Ihis so-called gaimler provides 10 dB of gain for cither

b

channel ar band amplification and enables integrated loss

compensation for merro DA TIM components,

CONTROL ELECTRONICS

Figure -2: Active erbium microfibers can replace passive fibess in switches, add/drop multipleeers or arrayed
waveguides to enable loss-less components. Or they may be configured as discrete compact Zain blocks as
shiwn. Such pump/coupler modules have demonstrated 10.dB of gain ina package measunng 26 44 12 mak.
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