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A modular bidirectional optical amplification system includes a multiwavelength dual amplifier building block, a multiwavelength
unidirectional booster amplifier BB, a unidirectional and a bidirectional Optical Service channel (OSC) BB, an Intelligent Optical
Terminal Accessway (IOTA) module, and an interleaved filter BB. The dual amplifier BB Is available in a C-band version, an E-
band version and a hybrid version, and provides unidirectional or bidirectional multichannel amplification. The booster amplifier

IS avallable in a C-band version, an E band version and in a booster plus variant; one for the C-band and one for
unidirectional and bidirectional OSC BBs provide a means for OAM&

—-band. The

P functionality to the optical network. The [OTA BB

provides multiplexing and demultiplexing, and the filter BB provides separation of the signal into grid-1 and grid-2 channels.
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ABSTRAcT

A modular bidirsctional ophwl ampliﬁllﬁm system includes a
mulfiwavelength dual amplifier bualdmg block, a mulﬂwavelengﬂz
unidirectional booster amplifier BB, aiumdira@ﬁonal and a bldirectional
Optical Servics Channal (OSC) BB, an Intelligent Oplical Terminal
Accessway (IOTA) module, and an lnterlaaved fiter BB, The dual
amplifier BB i is avaltabie in a C- bandnvemon, an k- band version and a
hybrid version, and provides unidirectional or bidirectional multichannel
amplification. The booster anp!lﬂer is avafiable in a C- band version, an

~ E band version and in a booster NUS' variant; one for the C-band and cne

for E-bard. The Unidirectional and bldlmctional OSC BBs provide &
means for DAM&P functionality to m optical network. The |OTA BB

prnmdes muitiplexing end demulhplexing, and the fliter BB provides
separaton of the signal into grld-1 and gnad-2 channels. |
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A HIGHLY SGALABLE MODULAR OFTICAL AMPLIFIER BASED
. 8UBSYSTEH

Thls is a cunlinuation In part of Senal No. DB:'ZS?,% flsd on
Apiil 18, 1999, enmlad “A nghly Scakbis Modular Optical Amplifier
Based Stlbsystem

BAG KGROUND OF THE INVENTION

_Fie the

This invention is directed to optical amplification in cormnunication
nmorks and more pamcularly toa highly scalable modular aptical |

- amplifier based subsystern.

To adueve long haul vplical transmisslon, regenarators (repeaters)
and/or optical ampiifiers are deployed along the optieal transmission fink

in rnultlple lomhons, far baashng the signal on the fiber. For systems

- operating at data ratasofGBps regeneratorssteswuldhespaoed inthe
. range between 35 to 80 Km, depending on the wavelength chosen for -

transmission. The distance batween optical amplifiers may be almost
doubled, baing In the range betwesn B8O to 160km.

Optical amplifiers are based on a length of Erbium daped ficer
(ective fiber) pumped with light of & certain wavelength o ampiify the
vptical signal passlng through the amplaﬂer ‘The acfive fiber is eplicad In
the optical fiber. An lmporlant element is the WDM coupler, which

porforme the furiction of coupling the pump source Iaserwavelengm o the
- Erbium doped fiber. Opiical ampmiers may also be blc!ueational In which

case they uUse a pump fer each direction of transmission, with the
re.smchvo WDM muplars Optical isolators are alse used intfemal to an
optical ampltﬂer, for reducing reflections generated atthe pomts of fiber

| _disconﬂuu:tiﬁ such as ooum spiitters, ete.

Optical ampllﬂers are favoured In long-distanca systemns over

| eledrical repeaters not only because they allow for longer distances

between the modules, and can Le easily splived Into the Tber
transrmssion link, but more importantly, bacause they da not require

optical/electrical and electrical/optical ecnversion. An opfical amplifier cen
amplify multiband / muluohannel optmll signals wathout demultlplanng
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them, thereby avolding the costs of multiple optical receivers, inuitiple
regencration circuits and multiple optical transmitters. Also, they amplify
whatever bit rate comas down the fiber. Even if the tranemission rate is
bansted, the device will not need fo be replaced. .

Current opfical amplrﬁers ane equipped with pawer momtors whlch
control the pump based on measurements of the output, gnd sometimes
input slgna(a The measurement Is effected by providing an optical tap
coupler on the respective output and input optical signal and divering a
fraction (generally 3I-56%) of fre respective input and outprt gignals fo ths
mionitor.

The B-Oian limitation can be extonded with the mb'oduetion of
exiermnal rnodulation and use of dispersion shifted optical. WDM and
dense WDM {OWDM) technolagies reduce the strands of optical fiber
cable needed to establish 3 cmnmunicahon link, and provide manifold
capacity ewansion on exieting fiber links. In addition, the advances in

~ fiber ‘technology now penmit opiical amplifiers to work not enly !n the

conventional band {C-band) of 1 930-1563nm, but aiso In an extended!

band (E-bend) of 1570-1603nm.

~ The number of amplifiers rcqutred for workmg and protecﬁon

_epang, the type ef the gptical amplifiers, and the number of wavelengths

caried Wl’lhln the systern are significant Issues must be considered when
designing muttibanﬂhnummannel tmnsmws:on systems As the opfical
amplifiers evolve in perfnmaneo and functionality, so does their cost.
Evolution of the network, .4. in terms of bandwidth growﬂ'l must aiso be

- taken intu wnsidemﬂon Currently, network providers uss over-

performing optical amplifiers than necessary at the firgt stage of network
deployment for allowing for future growth.

The optical ampiifiers available on the market acmmmndate up to
16 barxds bidirectionaly. ‘Thesg ampiifiers are exclusively for bidirsstional
or unidirectonal systams and are relatively inflexible to create varivus
complex ampﬁﬁer topologies. There are three types of optical amplifiers:
post-amplifiers {ixit connect 10 a ransmiiter to boost the output power; ling

‘amplifiers connectad along a noute between the tranemitter and the

receiver, and pre-amplifiers that unprova the sensitivity of optical
receivers. These different types of amplifiers provide different output
powers, use different Input power levels and generaily have diffarent
nonse t!gure requirements. Being stand-alone units, they allow the

mRRple TtV

Yy v
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| l‘lelel'K with mue opportunity for growth or acaiability, in that 'ﬂley must be E,

raplaced whanaver the demand for-bandwidth Increases.

.GUMMARY OF TH! INVENTION

itis an ob;eet of the Invention to provide a !ughly scalable modular
optical amplifier based subsystermn, which solvas totally or in palt the |

It is another ohject of the invention to provide a highly versatite, |
scalzble and medular famuy of optical amplifier bullding blocks that can be -
arranged in a variety of ways to produce both unidirectional and '
bidirectional topologies ~
The buiiding blacke or moduies of the optical ampliﬁer archltectura
are intended to opmb in a modular manner expioiting the entire .
conventicnal Erbium galn window (1530 nm —~1583 nm) as well as the
exterided Erbium band {1570 nm — 1603 nm). Used togsther, this set, or
family of praducts can produce optical amplifier topologies which can
etther be unidirectional or budirecﬂonal which also cﬂfer scalability \mth
respect to the number of wavelengths deployed.
The modules or buliding blocks are compatible with the curent Northem
Teleeom Limited SIDMS TranaportNode‘m prodm &nd could be
mapped into the existing shelves. Itis expectsd that the equipping
restrictions, mostly surrounding the OSC dlreuit pack need fo be
employed due to hardware or software limitations, or to simplify systam
operaﬁon and verification. Thesa restrictions will he documented in the
cquipping rules for the appmprlate SIDMS Transpormwe oCc-182

réleases.
Acrording to one aspect of the inventiou, there is provided an

optical amplification systern coinprising, a dual optical amplifier building

black for bidirectional ampification of a plurality of optical channels
propagating aiong a first and a seaond trangmission line, an opfical

- service channal (OSC) building block operatively connected to said dual

optical amplifier building block for transmitling and recsiving sorvice
mfmmahun aver a first and a second servige ohannel and a first Raman

source o'mptlml powsr connected at the input of said dual optical

_arnpllﬁer on said firat tra.nsmlssion Iirle for baek pumping light.

According to a further aspact nf the invention, therc is also

- provided, an optcal amplification systony comprising, @ dusl optical
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ampliﬁer nullding block for biduechona-l {ine ampm'icatim of & plurality of

optical channels promaﬁng along a ﬁrst and a second transmiseion fine,

en opticat servics channal (OSC) buiiding block oparatwely connected to
said dual optical ampilifier building block for tranamitting and receiving
service information over a first and a second sewice channel, a first
booster aptical ampllﬁer bunlding biock connasted on said first
transmtsslon fine at a first output of said dua! optical amplifier building

block, a second booster optical ampluﬂar buliding block connected an sald
second tranamission line at a second output of said dual optical amplrﬁer '
buildmg block, a grid1 fiitar, connected between said first output and said
first baaster optical amplifier bullding block, a grid-2 filier, connected
between sald second ouiput and said second buoster oplical ampiifier
buildmg block a first Raman soume of optical power connscled atthe
Input of sald dual optical amplifier on said first transmission line for back
pumping fight, and a sacond Raman source of oplical power conhected at
the input of said dus! optical amplifier on said second transmlssmn line for
back pumping light.
'l'he Invention further includes an optical amplification syebem
wmpnsmg, an optical multiplexsr for multiplexing a pluralily of optical
signals received overa plurlity of input transmission lines and providing
a forward mulbchannel czpﬂcal slgnal, 2 dual optical ampliifier building
block for amplll'ying sald forward muitichannel optical signaland

~ ampiitying a reversa multich snnal optical signel, an oplical demuliplexer

for receiving said reverse mulchannet optical signal and ssparating

- same into a plurality of optical channels for transmission over a plurality of

transmission lines, an optical sarvice channel (0SG) buliding biock
oparatively connected to said dual optical amplifier bui!diug Block for
transmitting and recsiving senvice infam:a’dan over an optica] service
channel; a first Ramun source of aptical power connected at the input of
said dual optical ampuner on sald first ranemission line for back pumping
light, and a sacond Raman source of optlcal power connected at the input
of eaid dual optical amplifier on aald secmd transmlssion line for back -
pumping fight.

The main advantage of the scalable and modular architeciure
according to the invention is the ability to provide a cholce of optical
amphﬁer architeciures that may be adapted to the current nead of the
aptical network and that scales as the bmndwrdﬂ'a demand grows.
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BRIEF DESCRiPTION OF THE DRAWINGS
~ The foregeing and other objects, features and advaniages of the
invention will be apparent from the foliowing mare: partlcular description of

the preferred ambodimants as illustratad in the appended drawings,
‘where: -
Figure 1ail lustmtes a unidirectional mulﬂwavelangt‘h opﬂcal

ampﬁflar N ~
Figure 1b ﬂlustm’tes the symbol for the optml amplifier of Figure

1a;

Figure Za ililmn'ates a dual amplifier building: block (BB)
Figure 2b {liustrates the symbol for the dusl-optical amplifier BB of
anure 2a; |
Figure 3 illustrates a booster amplifier BB; |
Figure 4a llluwuee. a urudlrac!lonal opliul serviee channel (DSC}
modulg;

Flgure 4b illustrates the symbol for the unidirectional OSG of
anure d4a;
- Fi gura ba dlusuabs 2 bldrectlonal opti@al gervice charmel (OSC)

BB;

Fisure bb Hiustrates the symbol for the bidirectional OSG BB of
Floure 6a;

" Filgure 6 illust'abs the symbo! fora dlsparalon compeneahon
module (DMC);,
Figure 72 fliustrates the fliters BB with a grid 1 and gria 2 ﬁlters*
Figure 7h !llush'am the symbol for a fitter of Figure 7a;
Flgura 8a ehows the symbel foran intalhgent optical tarmmal
accessway (IOTA) multiplexer and demultiplexer BB;
' Flgure 8b shows the symbol for the an mtemgent apllcal terminal
accusway.

Flgure Sa lllustrates a line amplifier wnﬁgumuon (LA-1) using BBs
of the modular gptical amplmer subsystem; ' '
Figure Sb illustrates another LA configuration (LA-2), which s a
direct upgrade of conﬁgumﬂon LA-1;

Figure -9¢ lllustrates still another LA conﬁgurahon (LA-3), whim
utllizes the mid-shge access capabllaty-
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F-gurc ‘wa fllustrates a c and E band dual amnplifisr BB in a

unidirectional overiay:
Figlre 10b lllustrates a C and E band dual amplifie: BBin a

bidirectional overiay;

Figure 111: liustratss a bidirectional ampiifier topolagy,
Figure 11b illustrates another bidirectional amplifier topology;

ata line mminaﬁng equipment (LTE) site;
. Figure 12p illustrates 2 aonﬁgm-atidn LTE-2, which is an upg mde
of configuration LTE-1;
Figura 128 iflustrates a mnﬁgurahon LTE-S with an intelligent

optical terminel accessway (IOTAL
Figure 13 an upgrade for an existing muliwavelength oplical

a scction terminating equipment {S'I E) site; and
Figure 15 shows a Raman ampﬁﬁer wolved fraom a C and E band

dual amplifier BB in a unidirectional loverisy.

DESORIPTI ON OF THE PREFERnL EMBODIMENT
Same tenns are daﬁnad next(for um understanding of the
znventon
An ogtical multiplaxer (Mux) a ne&nork element that multiplexes a
plurality of optical client signals, eaeh carried by a mvelengm {channed),
into @ multicharinel optical signal. An ophcal demuitiplexer (Demux)

effocts tha roverse operation, namelv it separates the mdmdual channels -
“form the multichanne! signal, aecomng to their wavelongth A '
MwyDemux generally comprises @ mmbmaﬂon of optical fillers coupled to

each oti'ler, each for eelecﬁvely relleoﬂm or ransmilting a certain
wavelength. The optitzl elements a'P uanera!ly packaged separately
frem thie transmitter or receivar opﬁcs. or fmm any optica that may be
present at the netwoik node. ~|

. An opﬂml addldrop multi pla.nll (CADM) direots one or more

. mdhndual channels of the optical mulfimannei signal to local usere (drop-
channels), while the remaining ehannals are paseed direcly from the input

o the output (passthrough or cmress channels) Add channels may aiso

— g Py sre—— il

Figure 12a iliustratee a configuration LTE-1 for optical amplification

0 CrR N - Be P, q.'s'h 1 N -
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 be inserted at an OADM she. An CALM ‘may include a 1-‘!N demuitipiaxer

filier, followed by & Nx1 muttiplexer filter, The firat filter element
demufhplexet the ?'equemy wmpanents (the d'mnnels) of the input WDM
signal info N wavegulde parts, A channei of interast is dropped to a local
ieceiver, by opﬂcally cnnnectlng the corresponding port to the receiver.
The second filter ehmant multiploxea the remaining N-1 channels with &
new channcl ints the fiber cutput. The new chanhel may nominaily have

the same frequancﬁr as mat of the droppad ¢hannal and is added to the
- filter outpust by the unusad port of the multiplexer. The frequency reusse

capabilily of this lype of ADM filter is an essential feature for maximizing
the performance of!a wWBM dpﬂcal ring hetwork.
A WDM coubler is used for combining twe multichenne! signals, or
two chanhnels, or hﬁ adding a channel to a mulﬁchannel signal. A WDM
coupler [s alco used for separating a channeI or a band 'I’rom a
multichanne! slgnal‘ - *
Typically, accpss fo the SONET overl'lead is not available at an OA

site, because the SONET payload is not terminated by oplical ampliﬁer
equipment (no ele:hcal convemiml) An optical serviea channel (OSC)is

empioyed (o addre& this fimitation by providing a subset of SONET
 oveshaad on an amlof Erbium band wavelength. OSC could be

unidirectianal or blduredlonal aceerding to the type of traflic. Some

exampies ofﬂ'le payloadmrﬂedby this channel areanaw |

Communication Channel (DCQ), Ordarwire bytes (E1 and E2), s D8-1
Wayside channel, and propriety bandwidth employed for powsr
optimization schemea This ehannel oparates at 4.86 Mb/s Manchester
encoded at 1510 nmand 1480 rm.

F!guw 1a shéws » hlock diagram of a unidirectional optizal
amplifier 1. In ganeral an opthal amplifier comprises an Erbium doped

~ fiber ampllﬁer (EDFA) 3 optically connected in [ibex 2 using connectars B,

for ampiifying light (a uhannel Or MOore) received atthe Input. EDFA3 s

powered by a light «souroe 4 (@ laser), A power moniter 12, rsceives a
fractior: of the input and ‘output signals and controls ascordingly the laser.
Taps 13 and 14 dlvert the fraction of the signal on fiber 2, opticalto-
elechical mnwﬂem |6 and & convert the respeetlve fractlons to slechrical
signals, which are ﬂ\preafter amphﬁad by tranacmpedanae amplifiers 7 und
7" in the known way[ Capacitors G1 separate the dc component and the
ND and DIA. converters 8, 8’ and 9 provide the power monitor and

3
e
!

.........
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raspecthely the O‘Ight SouUree Wﬂ‘h the comasponding type of signal. ltis to |
be understooed t this a. geaaral overview, the optical ampiificr beingin
general prowded with additional controls, some with analog mainlenance
tones, etc, which|are net ilustrated for simplification, and also as these
functions are not glevant to the present invention.

Figure 1b shows the symbol for a unidirectional optical amplifier 1
which includes gzim cantrol or lranslent supprcaamn. |
- Unfika the existing family of opncal amplifiers, the opﬁeal amplifier
packages acoording to the invention operate in a modular manner,
exploiting the enu}a conventional Erbuum gain window, known as band C,
as well as the emmed Erbium gein window, known as band E. This
family of products ipm&um unidirectional or bidirectional optical amphﬁer
iopologlcs, also O?'enng scajability with fespect to the nurnber of
wavelengﬂ'vs de .

In this Spedﬁmbcn. the tarms “module”, * package™ and “puiiding -
biock (BB}' are used to deﬂne a stand-alone opm:zl package performing a
certain funclion, |

The basic iodules for the new OA topoleglas are shown in Figures
210 8. Since i may not be readily apparent how these various modules
lapplmﬁuns ae preeenmd in Figures 8o 14 |
The basic modules that form the MQSAIC family are:

1. A mulﬂwavalengﬂ'l unle'u'reoﬁonal emplifier pair;
2. A mdhwawlength unidirectional booster amplifier;
3. A mulﬁwavelengﬂw umdlracﬂunal booster plus ampilifier;
4. An exhended hand (e. g. 1570-1603 num) version for sach of the

above amplmer qreu packs which can be used for unidirectional or

bidirectional overlays or within a true bidireebanal systam.

6. A unidirectional Optical Satvice channel (O8C) circuit pack |
which provides a Tans for DAMEP fundionaﬁty to the optical network. A
bidirecticnal OSC s also avallable for bidirectional systems;

6. An lnblligbnt Ophaal Terminal Amsway (IOTA) sat of drcurt

packs

ey iy P

7. lntetlave? filer cirguit packs, one for the C-band and one for E-
band; . |
8. Raman pump rnodules 'lor fhe G-bmel and E-band.

i
l
}
N
|
.
|
|
b
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Flgufe 1=y ilﬂus:m&s a dual amplifiar elreuit package 20 aacordmg to
the invention, wruqh Includes two optical amplifiers 40 and 10”. it is ~

anticipated that dual nature of this circuit package will be fully exploited In
the early stages oﬁ network deployment {day one), because of the

demand for bldlredtlonal flaw of the traffic in modemn networks.
The dusal ani\pllﬁer module is manuiaclmad in @ number ofversions.

' eaeh for use accorgding to a specific application. A G—verslon Isforthe
s

conventional Erblurn opbcal bandw:dth & sister E—verslon spans the
extended Erbium qand and a hybﬂd H-version which compnaae both @ C
and anE band ampliﬁer for use in bidirectional systems. -

The package 20 includes unidirectional ampliiers 10. wrmh are

prrmded with gain Emu'ol for ransient suppre-ssaon This feature allows

the ampiifier ta daa\ll With both expechd and unexpected edditions or

drops ofone ora Wumher of wavolengths in a WOM environment, with the
ultimate goa.l of mmni:alnmg the ongmal wavelangths mpertumed The
amphﬁers have also a low nolss figure, while providing a relatively low
cost enuy affenng Wle affering a platiorm for future scalability.
. Connectors daslgnated by a, b, @', b, ¢, d, ¢’ and &' are faceplale
mnneotors for the Line-'! In, Line~t Out, Line-2 In, Line-2 Que, OSC Drap
1, O3C Add 1, osc Drop 2, and OSC Add 2, respeciively.

. WDM aouplers 21 are used for add/drop of the OSCchennel ta the
input and output of leach amplifier 10, 10°.

In addihon. the package Is prw:ded mﬂl optical tap couplers 22

- and 23. Tap 22, al‘ the input of tha ampllﬂers diverts a.fraction from the

input traffie, whila tap 23, at the output of the amPl'rﬁau. ic 8 bidircclional

 tap for divarting fmcﬁme from both directions, The signals collected at

the taps are used fmr power monitoring. analng mamtenanee equalization,

| testlng and ratlemlan detection.

Flgura 2b mustmtas me symbol for the dual opti@al ampliier module
of Figure 2a.
- Flgure 3 :l!t.wsl tes a boaster ampllﬂer package 25. These BB
mmprlses a mulﬂpip pumpad EDFA (Emlum doped ﬁber ampllﬁor} 25,
which provides @ substant:al increase in opboal output power for boosw
amphﬂer applinatona where latge output powers are required. The
bocster ampliﬁer przlckage dlsn contains an embedded Variabla ophcal

attienuator (VOA) 24 for controlling the gain tilt. In other words, the
\ functmn of tha VOA is 1o kecp the ampiiﬂer operating at its deslgn flat
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. faceplate eomeehrs aandb far the first channel and a’ and b’ for the

CA 02379461 2002-03-27

‘gain, thereby mitigating the undesirabie ettects of gain 8. The package Is

1 galn control for transient euppreaslon and with an

Riso provlded

autput citculator %26 which acts as an output isolator as well as an upgrade |

port for an mteﬂaaved ﬁlter based amplh‘ler tapnlogy as it will be sgen
later

Opl:ical clrsulatnrs use palanzat:on properties of light and they are

diractional. Thusl the multiehannel signal while travels within the

circuilator from po\‘t to port in one dlrectian on!y, and channels are added
and drapped at d{fferem ports.

The ampllﬁler 25 is also pro'aded wrth taps 22 and 23. .
The boester amplifier paakags family offers a boaster amplifier vorsion, a
booster-plug ar version, & C'VBNIDI'I and a sister E-version.
The difference ba tha hooster amplrﬁer and the booster-plus
amplifier i is that the later offers significantly more output power than ﬂae

former.

- Figurc 4a ljlustmtas a unidirectional optical cervice channsl (OSQ)
module 30 which upports OAMEP capabifity at optical transport piatform
network elements Madule 30 ie capable of acwessing two DSCs, one at
1510nm and the other at the 1480nim.  The package comprices a West
OSC 31, with ﬂ\e receiver for the first OSC and the tranemitter for the
ssoond OSC. The! ‘East OSC 72 comprises the transmiller for the first
oscandmermverfarmaaaoond OSC. Each channel is

awommndaud on a eeparahe fiber, so that me parkage comprises four

second. The package also commsas WDM couplers 21 for the East and

Figure 4b shows the symbol for lhe umdirecﬁoml OSC package.
The OSC dreuit package is also offered as w bidireconal OSC 85 \mth

~ only two facepliate optical connectors & and b, for use in a true
bidirectianal system. This circuit pack is represented qmemahcauy in

Figure 5a.
The umdarecaonal osc and bidlrochoml osc circuit packaoes

' provide the ampliﬁer group with OAMSP ﬁncbonalw One of these

packages is mandatory in the formation of an optical amplifier group and it
scts as a foundation: and vommunication port for that group. In a nefwark,

- the OSC module does not offer pmtacﬂon switching of the OSG chamel

but rather offers a redundarlt CsC channel which Is running on the

oA e oy 0
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'SONET protection path. merefwe. wlicre SONET raific ﬂowa €0 must an .\1
0OSC channel.

The OSG BBs alsa allow forversaﬂle card placement of al othar
membars of the family within a bay, since this Is the only mernber of the

family which has any glot requiremen!s :
' Figure 5b illustrates the symbul tor the bid‘rechonal OSC of Figure

Ba.

F&gwe 8 allustrabs the symbol for a dispersion compansation
madule (DCM) 40, which compensates for fiber daspemon ,

thu:e 7a illustrates an interieaved ﬂltarpadmga 45, which
mcludes an even fiter. 48 (gnd-1) and an odd filter 47 (gﬁd-z) in the same
package 1he ﬁlter has a FSR free spech'al range (FSR) of 100 GMHz for

' 50 GHz on fiber. The grid-1 48 filter supports 40 wavelengths on the 100

GHz TV grid, and the grid-2 mw 47 supports anather 40 mvelengﬂws

. offuet by 50 GH&

Tnls BH fam:ly com prieee a C-variant and a sister Evariant,
including a pair of filters for the E band The filter packages 45 are
provided with performance mantioring through analog mmeenance (AM),
whereby sach channel camies its unigue ldantiﬁmhon

Figure 7b lusirates the symbol for a filter 46 or 47 of Figure 7a.

Flgum aa and 8b lll ustram the symbol for the Intallwt optical
terminal asacssway (IOTA). This family of BBs providas torminatien
access lo a netwurk repiacing the cintent passive filter mulhplexerl

. demultiplexer solution. It consists of three circult patkages a mulipiexer

50, a demmﬂple:mr E6anda mimller 60.

The muihplexer amuit package 50 pmvweamdiwdual transmittar
inputs a-d. Each input has a poawer monitor and controlied VOA capabvﬁty
{not shcwn) An internal filter 54 multiplexes all transmiiter inputs onto a

- single output  The demultiplexer circult package §5 pravides individual

receiver outputs' a’-d’. -An intermal ﬂiter 56 demultiplexes the single fiber

Input onto the individual autpum Controller cireuit packege 65 provides
colrnnmlmﬂon to the network via OSC, and operates as 4 conkoller for

~ the three circuit packwee. The contraller 88 includes AM monitoring of

the muw;:laxcr output. The muitplexer 50, demuwplexor 58 and aonh'oller
60 packages can communim to the other IOTA drwit packages.
. 'The madules shown in Figurea 2-9 are designed as gicbatl

_transpart products and ars hmfore wmpwble wrth bam SONET and .
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SDH standatds. ANy discussmn of SONET OG—N interfaces in this
spadﬁcetlon slso implics references to SDH STM-N/3 Inteffaces.

The madules shown In Figures 2-9 maintain the same level of
compabblllty with the existing Applicant's products of SIDMS -
Trans.pt:uﬂ\ln:s-'k.am OC-48 and S/DMS TransportNode™ OC-192 families,
and some. cumpatibmw with the bidirectionat muuwavelengm OC-192
optical ampllﬁer (MOR} nurremly producod by the appbant. F or mmplu.
existing MOR systern can benefit with E-band upgrades,

Since the famlly of products disclosed hereln has scalability 23 @
centml goal, it is designed 1o incorporata in @ seamiess mamner future
amplifier products and filture oplical components and technologies into
future optical network solutions. The majnrity of these luture solutions will
strive tawards higher density WDM appllmtions and mnre complex link
compenaation techniques.,
As Indicated above, the famlly of modules daseribed in oonmct:on

with Figures 2.9 offers. the network providers with the opportunity o -

evolve 3 network from an initial slmple Ganﬂgurauan ot a relative low cost

to more complex configurations. .
Some configurations and upgrada paths using the above BBs are

- presentad in the sections below. It should be stiessed that the upgrades

target an increasc in ophcul power which transiatas in most cases to an
Inmease in the number of wavelengths Alsgitls to be stressed that the
use of unidirectional OSC circult package 30 [n a unidirectional systesn
and the use of a bidirectional O8O dircuit pack 40 in a bitirectionat system

ie neacssaty for prowdlng the eonﬂguratlon with OAMEP eapabllmes

+~The. wnﬁgwaﬂons below (lustrate onhly working traffia and a single
directlon of transrnission. Risto ba undaf*tood that similar combinations

of madules may be used for the gther directson. and for the protection
traffic. |
. Figuras 9a, 9b and 8¢ illustrate line amplifier onnﬁguraﬁons ma

Tine ampiifier configuration, there is no electrical regeneration of tha

SONET signal and visibility to this network element can only be achieved
through the OAM&R capahilities of tha OSG, or via an independent |
Ethemnet link ta the respective NE. H mldetage access is provided alaline

_amplifier site, ther dizpersion compensation techmum wavelength

equallzahon, or add/drop murtiplmdng can be amployed wrthout affectms
overall link performanca |
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The mnﬁgumhon shown in Fagmc Oa (LA-1) illustrates the lowest
cost implementation of a fins ampllﬁer site with Just employing the dual
amplifier module 20 and a unidirectional OSC medule 30, Module 30is
mnnected with ports e and f to the add/drop porta e, d of the dual
ampuﬁar BB 20. Thus, the receiver of the OSC West 31 receives the first
OSC dmpped at the West input of dual anplifiler 20, while the Iransmitter
of tha East OSC module 52 insens the first OSC channel at the East
output of the dual amplifier BB 40, |

' Module 30 e also connecied ’Ml'h porae'undi‘totne ad:Udmp
ports ¢', o af tha dual amphﬁar BB 20. In this way, the receiver of the
OSG Eust 32 recelves the secand OSC droppsd at the Esst input of duai |

‘amplifier 26, while the transmitter of the Weat OSC module 51 inserts the
‘second OSC channel at the Waast output of the dual ampuﬁer BB 20.

Figurc Sb illustrates a seednd line amplifier configuration (LA-2),
which is a direct upgrada of eonﬁgumuon LA, c::nﬁgurahon LA-2 is

used when. merass a need toincreaaathe number of waveiengths, and
therefore the launch power, by mcluding booster amplifiers 25 and 25' at a

mpecﬂve East and West output. Different levels {(number of pumps) of
boosier amps can be added, depending on the new number of
wavelengths to be supported. The connactiona for the drop side of the
dual amplifier 20 (c-e and c'-¢'} temaln und'!anged However, the osC
30 must now be added ut a dtﬁ’erent point, Le. atthe output of the
respactive booster ampllﬁer as shown by connecﬁm - and #1,

F“;gure 9¢ ilustrates a third line ampllﬁer conﬁgwaﬂon (LA-3). which
utilizes the mid-stage Bocess capabillty in the configuration of Figure 9b.
One use for midstage aceess is dlsperslon cnmpensatlon. DCMs 40 and
40" could be connected at the autput of @ach line, before the respective
booster amplifier 25and 25°. More precisely, DCM 40 is Inserted belween

_ bandg,andDCMJO'ismsertedbehweenb’andg’ in this case, tor the

add side, the transmitiers of the OSC BB 30 are eonnected to ports j and
I’ of the respactive booster ampllﬁar 26, 2%.

it should be noted thattha booster pius amplifier could alsobe
employed as a substitution of, oran augrnenmmn of lha booster amplifier

~ thatls lllusu'ated In Flgura ge.

~ Further upgrades of the !!he ampliﬁcr canﬁgumﬁons are shown in
F'Qums 10a and 10b, which illustrate how the E-band modules ara
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mtegmted with the C-band modutes to produce unidlrccbanal or
bidirectional topologies in order 'eo scale an existing nelwork.

- when E-band iDFAs are used n eorquncﬂon with C-band EDFAs,
a usable gain bandwidth of over 60 nm ean be achieved. This would ;
equate to 30 at 100 GHz spaclng Such a conﬂgurahon is shown in Flgure
10a, where a dual C-band amplificr BB 20-1 is connected In paraliel to an
E.band dual amplifler BB 20-2. Namely. the multmhannel signal reoawed
at Weat Input port a of amplifier 20.1 s separsted into channels in C-band
and in E-band. Amplifier 2041 ampl ifies the C-band channels. The
channels at output b1 of the amplifier 20~1 are further boosted hy booster

amplifier BB 25-1. SIrnulaﬂy amplifier 202 ampiifies the E-band channcls,

whichare further boosted by baaster ampllﬁer BB 25-2 connecied at the
output b2 ofthe ampliﬁer 20-2. The O-band and E-bmd ohanne!s of the
second llne are proceseed ina sim:!arwa‘f |
~ The booster ampliﬁera at a respective East and Wast output are
sonnected in series. ‘Namely, port h2 is connected with port i1 so that the:
C-band boosted output is added with the E-band boosted output © obtain
the output on the first fine. Port h” is connected with port I’ sa that tha C-
band boosted output is added with the E-band bnosted output to obtain
thcoutputonﬂleseoonatme -
~ Inthis configuration, the unldaraetionat OSCDB30Is connected at
theé drap poits of the E-band ampliﬂer. and atthe add ports ofthe
respactive booster amplifiers 25-2 and 25%2, 1.8 the OSCs are processed
by the E—band equipment
The C and the E-band ampﬁﬁers can alse be combined o produca
a truesbidirectional system where the working channel Is carried an just
one fiber. Figure 10b tllustrates a C and E-band dua! amplifier BB 20 ina

| btdirechonal amp\lﬂa' overiay. Port a of dual amplrﬁer BB 20 is the input

for the C-band ehannels and the output for the E-band channels, while

" port h of boostar 26 s the mputfor the E-band d'mnnels and the output
for the G-band channels

The mnﬂgurauon of Figure 10b Is aleo providad with booster

amplifiers 25 and 25, for allowing bidirectional amplification of a large
number of dxamels The booster ampbﬁer BBs are cornected as In the

pravloua maes at ihe output of the respmtlve ampliﬂer
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In ﬂ'ﬁs case the B!osc module 35 neede o be used, since oy
‘chie fibsr Is available for the working channel. BIOSG Is processed with

the E-band channels.

. The bidirectional drnplmad system of Figuras 10a and 10b is basea s
on a band. segrnentaﬁon scheme. Such a scheme is implamentad by the
dissection of an otherwise continucus optical bandwlidth into wo or more

sub-bands. The sub-bands are then amplified and/or compensated -

separately and. therefone independently. The inherert drawback of a bénct

. -segmmtian schema is an unusable dead band, which-acts as a guard

band, betwaen each of the sub-bands 'tharefore wasting optical

- bandwidth.

Anuther opﬁon for daploymg dance WDM systama in & bidirectional
system Is to transmit an Intericaved set of channels. in the merlaaved |

approach, every other opfical, l:hannel on a 50 GHz grid travels in one

direciion, while the remmaining channeis travel in the opposite dlracﬂom
The advantage of this technique is that it allows for 100 GHz channe!
spacing in eny ane direction, and does not suﬂ‘er from any dead band
which is lne\ﬂtably imposed by a band segmentation.

Figure 11a lllustraus a bldll'EDﬁOﬂal ampliﬂer topulogy using

interieaved fiiters. In this wnﬁguration, thc main fiber 2-2° camies the

grid«1 channels in the Waest-to-East direction and the grid-2 channels in
East-to-West directioh, A booster 25-2 Is connected to the West fibar 2
andabmter 25-1 is wnnaaed tdthe Eastﬁbor o

' Curculator of baoster 28-2 soparates the ohanneis acmrdlng o lheir‘
direction. The grid- channals- are output at port )’ and direded tfcaC
dual arnpliﬁer BB 20, that ampﬂﬂus channels prasented to port a and
output them at port b. A grid-1 filter 45 is connected between the East
output of amplifier 20 and booster 28-4, for aﬁenuatim any grid-2
channels and transmitting grid-1 channels. Booster amplifier 25-1
provides the boosted grid-1 channals an fiber 2°. The dual ampllﬁer 20 in

this configuration is a C-band amplifier,

Similarly, urcwator of booster 26-1 dlrects the 8ll grin-2 ehannels to
East port b of dual amplifict BS 20, that ampiifies these channels and
present them al mﬂput port b’. Agrid-1 filter so is connected belween the
West cutput 'of amplifier 20 and booster 25-2 for attenuaﬂng any grid-1
channeis and ’a'ansmlthng grid-z charmels Booster amplifier 28-2

- pravides 81a boosted gnd-Z chamels oh ﬁber 2.
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The OSC channels for bidirectional osc 3S are addad!dropped as

i iscussed above.

lnterleavad ﬁlters can also be used in the E-band, and in the C- '

band ss iustrated in Figure 11b. This oonﬂgumﬁcn provides for the
highest capacny optical ampufler group. The C-band d'lannela arc treated
iseparalely from the e-hand rhannels. Thue, booster 25’1, gndvz ﬁltet so- |

1, dual ampitfier 20-1, grid-1 filtor 45-1 and beoster amplifier 26-1 are

provided for C-band channels, while booster 26%-2, grid-2 filter §0-2, dual
‘amplifier 20-2, grid-1-fiiter 45-2 and hooster amplifier 35-2 are provided for
E-band channels. Separation of grid-1 and grid-2 channels from the main

signal on ﬁbarz. 2’ ls made, for each band by the cirwlators of the

" Flgure 12a iliustrates a first ling terminating equipment
cunﬂgurahan {LTE-1) for opbcal ampliﬁmﬁon at a ine tarminating
equipment (LT&) site. The LTE node conmmaas a mmﬂp!exar 50 for .
combining four channels inthe Wast-to-East direction, a demulfiplexcr 66
for separating four channels in the East-fo-West direstion, end a dual '
amplitier BB 20. Dual amphﬂer BB 20is used as a post-ampllﬁer placed
befors the Eaet—bound signals are launched overfiber2, and asa
preamplifier for the: East-bound signals An OSC 30is connsoted at
add/drop ports d and ¢, -

This mnﬁgumﬂon oﬂers alow eoat enw soluton for opﬁcal
ampllﬂ:aﬂon atLTE oites. The worldng channe! impiementation is .
lustrated using four wavelengths for lilustrative purposes only, The ectual
number ofwavewnams can be mare than B In each direstion.

The conﬂguraﬂan may be upgraded by addmg boaslur amplifiers at .
the au@uts of the dula amplifier, as shown with arrows.

~ Figure 12b illustrates a semnd configuration LTE-2 which Is an
upgrade of LTE-1. Thie oonﬁgumﬂcn has the advantage of launching
maote optccal pcwerfrom the Transmitter side than the previous
conﬁguraﬁon by addmg a booster ampiifier 30 to the existing dusa!
amplifier 20. This would lnu'ease the numbor ofmhngtha the system
can accammodate. o
Figure 12¢ ustrates a third conﬁgurahon LTE-B with an intelligent

ccmnwed hetween me mulhp!exar §5 and port a of the dual ampliﬁer BB
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20. |0TA 90 is alsa mrmected to OSC West of the BB 30, for
eommunimhon with vlher riodes of the natwork. -
I addition to the: mnﬁgmﬁon shown in Figure 12¢, diﬁerenl power
(tlrfferant number of pumps) booster atnpln‘iem can pe ysed instaad,
depending on the power requirements. o
Figure 13 ustrates an upgrade for an ax!stlng multiwavelength
optical amplifier MOR 16, The MOR amplifier 13 can be upgraded with

20. However, the OSG 36 of the MOR system should be used as the data B
communication channel. in thie hybrid configuration, the modules may |

reside in a separate bay and mey be connwct via' Ethemnet o the MOR 15

bay 5o that the modules have network visibility.
Flgure 14 llustrates a conﬁguratlan $T-1 for cptlcal ampllﬁcatian at

a section. termlnaﬁng equipmant (STE) 86. The'site comprises. a West
muil plaxerldemulﬁplexer, & regenaralor and a East muttiplexer/

'demultlplexer The upgrade comprlsas adding a Wast dual amphﬁer 20-1

and an East dual amplifier 20-2, sach connected to @ respective
unidlreotmnal OSC 30-1 and 30-2. Thisis a tow cost wnﬁgumﬂon which
can be l’urther Upgraded tn i xdude booster ampliﬁers.
' Again. this connguraﬁon essumes unidireclional taffic flow on cach
fiber. Only the working traffic ie presented, since the protection traflic is

'assumﬁd {o have the same impbmentaﬁon from an optical llne
| pempecﬂve

-~ Asseen In connectmn with Figura 10A, 2 eonﬂgurahon with C-band
and E-band EDFAs provides a usable gain bandwidth ofover 60 nm,
which allows amphﬁcatlon of 80 A at 100 GHz spacing. Figure 15
Mustrutes how the number ot wavelengths can be further increased to 160
» at 50 GHz spacing. The tzrget isto double the capacitylmd': of the

system with a 1.§ cost increase. |
Figure 16 shows Raman pump modules 100-103. The Raman gain

| efl’Ea is an interaction beiween ight and molecular vibrations (in this case

of Sificen and Oxlgen ions in e glass) which Is used to make an
opﬂc:a!ly-pumped oplical ampitfier. To amplify the slgnal using Raman

 gain, & pump signal, whose wavelength is jess than the wavelengﬂ': of a!I

campanents af the DWDM signal, is pumped inta the oplical fiberina

~ direction against the traffic. The pump ampllﬁes the DWDM signal and
| .thus offsets thu insertion loss
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‘Raman pumplng ls vary eﬂielent. coihat required PUIMp powers are
readily obfained from senuconduaor !aser dlodw of coimimercial design.
In typical fibers, a factor of 10 ampli ﬁcaﬂon would require 1 W of pump

power and a fiber 1 km long. Raman puchpmg retaing the advantages that

led to adoption of the EDFA for use in 1550 nm systems. Also, the

"~ Raman passband is of sufficient breadth for simultaneous ampllﬂcatmn of

member channels. Furtharmore Raman amplification Is relatively uniform
aciuss the band. In the mnﬂgurahon of Figure 15, the pumps aperatc gt
various wavelengths between 1180nm and 1490 nm.

- The system of Figure 15 gencrally operates in a similar way with
the sy,atem shown irr F‘gure 103. The difference is that the rm.llbe.hannel

signal received at West input port a of amplifier 20-1 is ampiified before

amival using Raman pumps 100 and 101.. . Simllarly, the ut E.ast Input port
a’ of amplifier 20-1 is ampllﬁed before umval using Raman pumps 102
and 103 .

- 'The hooster ampllﬁes at - raspscﬁve East and West output are
conneuted in series and operale as disclosed above. The unidirectiosal
OSC BB 30 e connected atthe drop ports of the E-band amplifier, and at
the add ports af the raspecﬂve booster amplifiers 26-2 and 257-2,
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WE CLAIM:
1. An 0ptical ampl'ﬁcailon systet‘n comprising:

a duat oplical ampllﬂer bullding block jor bidirectional ampiification
of a plurality of optical cﬁarmels propagating a!ong a ﬁrat and a secand
transmission line; g , '

an opfical service 'channel {OSC) building block operatively

| connected {0 sald dual. opucal amplifier buliding biock for transmitting and

- fecelving senﬁua information over a first and a second service channel,
and

a first Raman sourec of opbcal power comected at the input of said

duat optical arplifier on _slald ficst tranismission line for'back pumpmg light.
' |

2. Asystam as c!allmed Inclaim 1, furl:her somprising a second

' Raman source of aptical power mnnested at the input of sald dual opfical

ampliifier on said aecond transnnsslon lina for back pumping light.

3. A system as clairnod in claim 3, wherein each sald first and
second Ramsn souree campriaas a pluralitv of pumps at distinet pump
wavsiengths, lower than the wavelenqm of the 'aansnﬂssmn channels.

4, Asystem asclalmed in claim 3, further comprising a first
booster optical amphifier building block connected on said first
transmiesion line at a first cutput of said dual optical-amplifier bullding
block, and a second boostsr optical amplifier building block connectad on

-sald second tansmiss!en lirle ata sacand output of said dual opﬂcal

amplifier bullding block.
1
. Asysbemanaimed in claim 3, further comprising a first ~
dispersion compensation module wnneoted belween said fist output and
said first boceter optical amphﬁer building block, and a second dispersion
eompensation module conhected between said second output and seid
second booster opueal ampfrﬁer bu:ldmg block.

6. (Amended) An o;‘.vhcal ampllﬂwﬂon system cnmpiising:

a dual optical ampllﬂer building block for bidirectional fine
ampﬂﬁcaﬁbn of a plurality of op-hcal channels propagating along a first and
a sacond hansmnssion linc'*

|
!
i
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an owwl service channel (OSC:) building block opcratively
connected to sald dual optical amplifier building black for transmitting and
recelving sarvice Infermation over a\ﬁmt and a second semvice channal;

a firet booster optical ampliﬂsr building bloek connected on seid .
first bansmission line gtafirst aurput of said dual apticel ampllﬁer building
block; . ] .

| a second booster optical amplzﬁer bulldtng bronk connected on said
second b'amm:ssron line at a semnq oumm of said dual optical emplifier

, building block;

a grid-1 filter, connected bemben sald first output and, said first’
booster optical amplifier bullding block.
a grid-2 filter, connected between said second oubut and sald

' second buoster optical ampiifier building blook;

a first Raman sourcs ofcpﬁml power connecied at the input of said
gual aplical arnpln‘ler on said first transmission line for back pl.unping light;
and

a second Raman soures of oplaheal power connected at the input of
sald dual optical emplifier on sald seoond transm:ssim line for back

7. (Amended) An opucal amplfﬁm system comprising:

an opn&l muttiplexer for rnultiplexihg a plurality of optical sighals
received overa plurality of input transmisaion lines and providinga
forward multichanne! optical signal; o ‘

a dual optical amplifier buulcﬁngi black for amplifying said forward
muliichannel optical signal and ampﬁfymg a reverse mulichanne! optical
signal; . |

an opﬂoal dsmultiplexer for remmng gaid revarse multichannel
optical signal and separating same mto a plurality of optical channels for
ransmission over a plurality of ﬁanamrsslon lines;

an optical service channel (OSC) buliding black operatively '
connected to sald dual optical amphﬂar building block for tranemitting and
receiving service informatian over an éptleal eervice thannel; a first
Ramsan soume of aptical power conneohad al the input af said dual optical

ampllﬁer on said first tmnsmlsslon iine ‘for baesk pumpmg light; and

S Gy B Sk e S i - -
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8 sscond Ruman sotree of optical power connected at the Input of
said dual optical amplifier on said second transmission line for back

- ; | |
PuUmping light. |
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