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BACKGROUND NVENTI ON

| nventi on The present invention relates to an opti cal

transn155|on system |In particular, the present I nvention pertains
- to a multiple wavel ength bidirectional l|ightwave anplifier. 10

Rel ated Art An optlcal transn155|on systemtransnits

i nformati on fr et IGHTWAVE ose

frequency is in the V|5|ble or near- |nfrared regi on of the

el ectromagneti c spectrum A BaACKGROUNIC @F ek wivRnadel a hi gh frequency is
somet i mes referred to_as 3 Ppt|car signal, an optical carrier,
or a lightwave signal. 20 -——l——~—435%ﬁ¥W§ﬁk%%ﬁ transm ssi on system

i ncl udles a plurality of optical fibers. Each opti cal fiber

ol udes a plural ity of (aaielen As60a00ek Seates tg anBBEILE

frequency band of an el magneti C |nes
referred to a$TADRAMSISEMR BYSQeR .| | AR EBrtICUIaat aheopreaanttransn153|on

system typi caliei@Soh pertains toABSHuLEEp1e! HavaREGEL fiber, and a
receiver ransmtter converts an el-ectrical si gnal into the

opti cal S|gnaP%%%EQQQ&PﬁﬁésllghFW?Hetﬁ@Péﬁﬁﬂéﬁl fiber. The optica
fi betOtransports the optical signal to the 30 receiver. The receiver

converts the optical signa

Related Art

An optical transmission system transmits
information from one place to anotaer by way of a
15 carrier whose frequency is in the visible or near-
infrared region of the electromagnetic spectrum. A
carrier with such a high frequency is sometimes
referred to as an optical signal, an optical carrier,
or a lightwave signal.
- 20 An optical transmission system includes a
plurality of optical fibers. Each optical fiber
includes a plurality of channels. A channel is a
specified frequency band of an electromagnetic signal,
and is sometimes referred to as a wavelength. One link
25 of én optical transmission system typically has a
transmitter, the optical fiber, and a receiver. The
transmitter converts an electrical signal into the
optical signal and launches it into the optical fiber.
The optical fiber transports the optical signal to the
30 receiver. The receiver converts the optical signal
back into an electrical signal.
An optical transmission system that transmits
more than one channel over the same optical fiber is
sometimes referred to as a multichannel system. The
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back into an electrical signal. An optical transm ssion
system.t ha\t’v transmts mor e than one- channel over t he sane opt I cal ,
fiber is 0997222595 o et i mes referred to as a nul tichannel sYCTUMS2ERE
purpose for using nultiple channels in the same optical fiber is

to take advantage of the unprecedented capacity offered by optical
fibers. Essentially, each channel has its own wavel ength, and all

wavel engt hs @irpode for u§§@@fﬂﬁ§91 U&ﬂaﬁﬂe?§e¥ﬁnihgvs h8Poptica
e s s

One way to transmt rrul e chann hr oug eng
di vi si )c/)n rrulftrﬁ g upoypntage °f %%%e?%ﬂ’r%Qéﬁ%hgﬁh are

transnitted aapatdnetysadsﬁempédd@l’ Optlcal fihl;@ﬁs. TE'@sél?ti&%]l{/OUtéaEHfinPeLs
are interlegyegd aun into the optical fiber,
and se|C)rgérﬁate Lrs %’Wrruv?% fex%?hat jcjje yare 9@95?‘%@??:

di vPsi on derffiRaxH ed rﬁjl@l@netm wls@pmiatevehbap i ndi vi dual

wavel engths Using f 1 eqenGysp el Solidismi e mumﬁfgpwsﬁﬁélg;‘;hcgf gf’tg'n;ﬁ's
rati ngs or as
?r avel igng 0\}78‘11' 5 WReeenpegdh division jueltinlexinggeweenewdoperi odical ly

to corrpensatsaavfeiral wavelenétt}b%[ré @an&ﬂ@ﬁémrﬁéréﬁqet 8p@gcgional
attenuatlon F| her e}[djc%‘es t he era e signa| power reaching

the receiver. begeca j;%l nnels are lli‘l'é%ﬁlﬁa‘ééiit}a)/naanount of
power in or derltu@]rasmv,erlaxheched into ﬂpél@gad;lcsagnﬁibélﬁfsuéﬁad y, the

t I nal is | d by, fiber
Loag " o5 CRBEAUE 1 o genug eig TG EP 46 SIS Wihellngln
utilizes optddétiediaroamyldyiiexins selemen ypi separate the

individual wavelengths using frequency-selective
components such as optical gratings or bandpass
15 filters.

Optical signals traveling over long distances
need to be regenerated periodically to compensate for
fiber loss, sometimes referred to as signal
attenuation. Fiber loss reduces the average signal

20 power reaching the receiver. Because optical recelvers
need a certain amount of power in order to recover the
optical signal accurately, the transmission distance of
the optical signal is limited by fiber loss.

Optical signal regeneration sometimes

25 utilizes optoelectronic regenerators. A typical
optoelectronic regenerator employs a receiver-
transmitter pair that detects the incoming optical
signal, converts it into an electrical signal,
amplifies and refines the electrical signal, and then

30 converts the amplified electrical signal back into a
corresponding optical signal. However, optoelectronic
regenerators are quite complex and expensive for
multichannel systems. Additionally, the electronic

components in optoelectronic regenerators cause

2-
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opt gel ectragnic regenerator enploys a receiver- transmtter pair

~ that det- ectﬁ,dgﬁﬁﬁgcom' ng opti cal si‘gnal, converts #ér/#xébtsﬁzﬁﬁ‘

el ectrical signa anplifies and refines the electrical signal,
and then 30 converts the anplified electrical signal back into a .
correspondi ng optical signal. However, optoelectronic regenerators

are quite conplex and expensive for mul ti channel systens.

Addi ti onal | y,t#tdresnel sciiororsystem bandwicinipdreniss liimidpidoel dot roonhiex
regenerators

transm ssi on sysi emtbanddvﬁfdﬁ%r%ncebgeltwe%n o]:hel lowehSt an%_length wor ds, the
di ff erence bdinamamitted awdtthenhdlohegth wavelength transmititad a-r$d t he

hi ghest wavelgng) hdsansm tﬁ@ﬁ:lc‘hannel 1ightRe RYtes Maddsghannel
| i ght wave systerns, benefit consi derably when optoel ectronic

r egerer at or s GNSiderably Wh%ﬁﬂQﬁﬁﬂfHﬁFQﬁRﬂ%%nﬁﬁQQQBQﬁ&93§a@I§hpI|f|ers
because the replaced Bansvédtdingfl eaptdgialcaanpinigliigie riss baiehdeanges than

e o anon BT 4 S R SO R Mrass e o1 e
directly, w tdica qﬂnnpﬁdekgpunonxm regeneratcs .el éoissi campsngradiion n
eliher case SEUNA Yle in an opdld SISy LR QU FOrTect s

f or transn155|on
charlfcteri st |tdle)fomma3cmazrml obmamily.lsuthout QORYEF S Sidon ts it ens

concerns the a{?ﬁ Ciéfé‘&ﬁff&@l 51gna1 TrARPIHHA! I QI Ol dder@tdiGain fiber. In
sone systens, et of chanpels travel's in an east -t o- west

direction |nb°°StS thet?&ﬂ%ﬁﬁ levek iand Comfacd saf@ith & s istS iGRannel s

travel impairments.
One characteristic of multichannel optical
15 transmission systems concerns the bidirectional
application of the optical fiber. In some systems, one
set of channels travels in an east-to-west direction in
the optical fiber, while another set of channels travel
in a west-to-east direction. In order to compensate
- 20 for signal attenuation, conventional regenerators must
utilize two separate gain blocks, one for the incoming
east-to-west set of channels and another for the
incoming west-to-east set of channels.
Another characteristic of a multichannel
25 optical transmission system is that noise is generated
at different points along the length of the system.
More particuiarly, the gain block of the optical
amplifier signal regenerator adds noise to the optical
signal because of spontaneous emission during
30 amplification. As more noise is added to the optical
signal, coupled with the fact that the optical
amplifier amplifies the weakest channel the least, the
signal-to-noise ratio of the weaker channels becomes
degraded. Signal-to-noise ratio is the ratio of the

-3-
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in a west-to-east direction. In order to conpensate 20 I for signal
attenuatio nti onal regenerators nust - utilize-two separate’
gai n bl ockgv %ﬁigyﬁor t he i ncom ng east-to-west sePCHUSHZER| s
and anot her for the i ncom ng west-to-east set of channels.

Anot her characteristic of a nultichannel 25 optical transm ssion
systemis that noise is generated at different points along the
length of tlepdjisteim of the chanMule fzarttatlles lthe thwig@ n $ ek of the

opti cal if.ier. si T rat or .adds n0| se tot opti cal
si gnal becalSe °SH s%gg[jn Eite s %‘r%%té‘ %ﬁﬁﬁﬁ?&g}éé rameat'rﬁl‘fl‘?"i‘]c]a? on. As
nore noi se P@léedédqurqtuaNqnaaxﬂlgure (F,) 1isi deéiinedoasl ed with the fact

that the optical anplifier anplifies the weakest channel the

| east, the signal -to; noi 8¥R)gtio of the weaker channels becomnes
deg?'aded Si gnal -t 0- noi se I’atIGIS ?rratlo of the _

- 3- anpl i tude dF ¥ channel to that of the n0|se|.I g
Si gnal - noi ratlo LS uantlfle t.hrough a _paraneter_ calle
n0|gse figur eherﬁotsglg i 39 ;’ “&&J% IP channel

[err] vx/ner«StSﬂIR raen‘oeumn @:Hqujmmarsmmtcfﬁ rtﬁdﬂresnﬁitmaiilann6|

Still anOthﬁhl%q%hgﬁB%ﬁ'%ﬁﬂid&i(Eyyﬁﬁ% WAL systems W ERLDANNG optica

transm ssi on _systens
10 of the incoming channels may arrive at the signal

regenerator input with a different amplitude. This
occurs because of fiber attenuation, fiber dispersion,
and non-uniform regenerator spacing.
Fiber attenuation is a decrease in average
15 optical power, and results from loss due to scatter,
loss due to imperfections in the fiber, and loss due to
absorption. Rayleigh scatter occurs when a portion of
the lightwave bounces off the uneven areas of the fiber
surface, losing energy in the process. Fiber
20 imperfections can stem from the fact that the
particular fiber was manufactured using older
technology and from the fact that the fiber has bends,
either large or small.
Loss due to absorption can be either
25 intrinsic or due to impurities. Intrinsic loss is a
basic property of optical fiber whereby because
electromagnetic phenomena the energy in the optical
signal is absorbed and not recoverable at the receiver.
Impurity loss occurs primarily because the presence of
30 water vapors and other impurities cause optical signal
energy absorption similar to loss due to intrinsic
absorption.
Equally important is the fact that fiber
attenuation due to absorption is different at different

4-
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10 of, the incom ng channels may arrive at the signa

regenerator th a different anplitude. This §n£ﬁgause
of fi ber Yéﬂéﬁﬁ4%¥1 fi ber dispersion, and non- unlfornP
regenerator spaci ng. Fi ber attenuation is a decrease in
aver age 15 optical power, and results fromloss due to scatter,

| oss due to inperfections in the fiber, and | oss due to
absor ption. Raa«b@i@tgtsm@t t eETwO AN Sl apth & ot iteveofminimal t he

Ilghtmave bounces off. t he uney. are f I b , surface,

| osi ng energyafr%elpﬁ%tjp?rbcigi '?—‘?% %PC? lég\tﬂlmlirrpeeff; ect |yg)ns can stem from
the fact thatattenuation ofpnmt¢pmnqalfsiﬁnaxw@penﬂnﬁnanlﬁQﬁpmwﬁﬁh ol der
technol ogy a“ﬁs?i@é‘i&xﬂheléaxﬁﬁcﬂk@{eéé@rf&bﬂ s dlfation of arfi ther

| arge or smma Loss due to absarption can be either 25
intridnsi c or emeiealwpuneliereratingakii0sm i svhich is 20 pagic

property of ogbyt@bkri beﬁ‘ui“ﬂ@éﬁ@&r@e%n what is ed£risdnaganetsso
phenonena the en

er the opti nal is, absor and not
recover abl e a?mtﬁégg%%é§%%9n Wlndow' t@?ﬁnﬁn?yﬁék) VR ﬁf#ﬂﬁ Fily
because the ptrsene£sofa801550 nmvaidrinepense sl idesperpiing i es cause

optical si gnal avelength energy. abSOﬁ)&{‘%éd nﬁr}lar oy Ié) eqjtljﬁﬁil intrinsic

absorption. | portant i's at fiber
att elfuati on dUEueofebsopprabnng31m|th@rkﬁ@oenmcﬁfamﬁm#ﬂSlon window.
- 4-

attenuation ar e 356‘6nnm d %ano?rll\ge%@lwﬁ:g% %éme W%ﬁyl el
the wavelength that ensures e least attenuation
because that would defeat the objective of having a
wide bandwidth of operating wavelengths.

15 Fiber loss is only one cause for differing
input amplitudes. Dispersion in the optical fiber also
causes channel amplitudes to vary. The optical fiber
is a very thin wire made of glass, or silica, enclosed
by cladding. The cladding is designed to reflect the

- 20 lightwaves into the core of the silica wire. At times,
lightwaves reflect back and forth between the core and
the cladding so much that the reflected lightwaves are
delayed and arrive at the transmission system receiver
after the primary lightwave arrives. The delayed

25 lightwaves can be troublesome depending on the type of
optical fiber used. Multimode dispersion occurs in
what are termed multimode fibers. 8Single mode fibers
eliminate the effects of multimode dispersion, but
introduce chromatic dispersion when operating within

30 the 1550 nm transmission window. Step-index fibers
have minimal chromatic dispersion operating at 1300 nm,
but significant chromatic dispersion at 1550 nm.
Dispersion-shifted fibers experience minimum chromatic
dispersion operating within the 1550 nm transmission

5.
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attenuation of an optical signal operating 1300nm 35 . dB/100km is
much greater than the attenuation of an 5 opti cal nal o erating at
1550 nm WP 8222%0 20 dB/| OOkm Furthernore, withi ﬂ’ 2B5¢al | ed
t he 1550 nm transm ssion wi ndow, then the attenuation will be
the | east at 1550 nm and increase as the operating wavel engt h
noves away from 1550 nm The sane hol ds 10 true for operating in the

1300 nm t raﬂiﬁﬂ%ﬁr‘ on a '&dg‘é‘actlcal ma tWRiOr iRateeli%s rd dunipitdeasible to
operate at th f hat ensur es the | east _attenuation

because tha?’gﬁ%uItéfpﬁepéaf’pttﬁé‘a&bjfég% veidil g idtgldzed for eaghye pandwi dth
of operatinginkvelfeagt bptital transmission sylstesr dinss sparmmlan one cause
for dlfferlggtlre contlh%% t anplitudes. Dispersion in the optical fiber

al so ses ‘channel” anplitudes to vary. The optical fiber

is® very thin W| re mdetberglcasse dorsidiifderisgc|iggad amplltudeizﬂy

cl adding. TheeRbaddbn0 rioh Uenell (e dithlaiy Wy, rod [ ghtvaves [nto

the core of the S|?|ca Wre. refl ect back
and forth b@?‘ﬂé‘@ﬁet'hén@olc@a&wl may Orlgclﬁ@t(ﬂ ddmsrﬁjtstolemcwd hat the

reflected | bﬁbﬁ:‘i“@te%h&h%el in New GQJrdyed md \ardine ataddei A4 @sin ssion
systenlrecel fter the . primary |t ghtwave arrives. T e del ayed

25 i § t\?v&\%‘sc&lﬁ'ﬁ ehrSo (i4s Pepdhrding Bh HHaF (5FR€ oft

opto cal f| b&hauﬁ&d oMiIgtummdezgdlmp@@lmwmnm further thdattlee e terned
Tt moe LBEERe1 SIS RIS BNy vore  EILNALG L ef fect s of

mul t i node dlspers on rona spersi on when
oper ati ng wregenez@tors arﬁh@lﬂ&ﬁﬁlﬂhtqqn%§nk§nﬁnﬁSqunm$EdEl@p i ndex

fibers unlfo%vﬁo@a'?:' r%ils AV RRR q:'oipr_eé f]f!nx]‘ﬁ?n QPeffid N at 1300 nm

but significant chromatic dispersion at 1550
Di sper si on- §gefidd thioser 4 texife Qidfde Wi thitRuBishdihat the two (j spersion

opes ati ng WobhiikatthehbaP@ 1BNdiaRaETaSitieir common destination
-5 with the same signal amplitude. A typical gain block
of an optical amplifier signal regenerator receives the
composite unidirectional signal and amplifies the
channel with the greatest incoming amplitude, to the
20 detriment of the weaker channels.

One problem with conventional multichannel
optical transmigssion systems is that the difference in
amplification between any two channels must be
toclerable. It is desirable to have equal amplitudes

25 for each wavelength. Moreover, the signal-to-noise
ratio in any given channel must also be within
acceptable limits. This condition is_not met when
utilizing conventional signal regenerators because of
unequal channel amplitude, unequal channel

30 amplification, and the addition of noise in each
channel.

Another problem with conventional signal
regenerators is that the design is quite complex,
expensive, and has poor upgrade capability. For

-6-
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wi ndow. As @ practical matter, there is no guarantee what type of

optical fi b /# Spe utili zed for each link of an 0%@1‘?{%’98/22353
transn155|on sy em t hat spans an entire continent.

Anot her cause for differing input anplitudes stens from

non- uni form r egener at or spaci ng. For exarrpl e, one channel may
originate in Seattle, and anot her chann i n New York. The
ul'timate dest SREFPIE, 1N orderyito, PRTANENALI hll Hiaﬁét SAteS. C. In that

case, the 10 w1thou(ﬂ16wﬁ@ig1@fq gﬁé@@hle&gtb& S@at:tlhq t hadeksghert kehldhan t he

channel ori gi at| ng in w YorKk. ayse si erators are
pl aced at con %P 558 St SOERE sy%&ﬁﬂf&ﬂﬁﬁP@@ﬁFlong afor§ t he
rout e frow1oﬂhyqamse the electaestiicnaftiesentist are dokfmeddyt tuoednsor e t hat
the tywo 1 oy | rhsv e gaty N2 | nat.ico
with the sarre gegnge%tﬁ%%qj % IJS ?gl ?Q?Jtélcﬁﬁg@gyg‘ééh ?Eagtoptlcal
anplifier S|g@@CQﬂ@géﬁéK&ﬁ@ﬁIWEGélv@§rﬁﬁée system Cé§ﬁ§é§wbetbﬁ|d|rectlonal

si gnal and anmllefdt%ntﬂ&_e elements nﬁl@%n%l reigh B che g&%atﬁét glhRgom ng
anplitude, to_ the 2 detrinment. of _the weaker channel s.

One probl em wl’t]i?cé‘orﬁ?&ﬁ%%hsﬁf (RSt iSeHRAReFSISNETALOT A ca| transni ssi on

systens is thaptida ediddgrienceanen the entlr@rr&lek;feh@&hmm hetwede any two
chan?ﬁls nmust _be .Eﬁgerable i s _desi,rabl e o haye equal
. 34 5

anpl i tudes 25 FePLacedy, Wha\Fel érrrgtlﬁ CXREPEIVEr FO 8V§| W&l -t o- noi se
ratio in any @mpddfdlatnen mmst relfioehent sliages to servaceeptable limts.
Thi s CO”d't'O%'difEEthﬂangﬂllcal 518gFﬂE'|'Z'ng conventional signa

regener at ors because o channel anpl i tude, unequal channe

30 anplification, and the addition of noise in each channel .
Anot her problemw th conventlgﬁmAﬁyﬁl THE INVENTf&@enerators is that the
de3|g$ is quite conplex, eXpensive, and has poor upgrade
capab?lity. For 'The present invention 1s a system and method

for optimizing the performance, in a multichannel
optical transmission system, of an optical signal
regenerator by compensating for input signal power
fluctuation and for output signal gain change, and by
.20 mildly filtering individual wavelengths between gain

block stages. The system includes two wavelength
division multiplexers coupled to an optical fiber, four
power management units coupled to the wavelength
division multiplexers, a wavelength combiner coupled to

25 the power management units, two optical amplifiers with
a power equalizer conditioner in between them, and a
wavelength splitter coupled to one of the optical
amplifiers and to the wavelength division multiplexers.
The method includes the steps of amplifying and

30 refining bidirectional optical signals using only a
single unidirectional amplification and refinement
stage. Amplification of bidirectional signals is
accomplished using a plurality of gain blocks.
Refinement of bidirectional signals is accomplished by

7-
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- 6- exanple, in order to operate at higher data,rates ,
W thout c | egener at or spacing, a designer would have to .
repl ace m)r‘g@g%?gf%e system equi pnent. This is bec;&géustwgzsss

el ectronic elenents are normally tuned to 5 the operating paraneters

of a particular system If it beconmes necessary to increase

system capacity, the el ectronic elenents nust be replaced. If the
gain conblroth isgcthen aspliitedeisgodl ar @jereldttyr dfs

opt oel ectropLg. LhgRpkhe entire regenerator must be 10 repl aced.

Li kew se, it is exgensrve to have two anplification and refinenent
stages to service bi directional optical signals.

SUVWWARY COF THE | NVENTI 1BF DESCRIPTION OF THE PE&SRAL invention is a

sysiem and net hod qQr._op |n12|ngﬁ e performance, in a i
mult i channel Fdfri dat LLNShERACES Shes pomeh ducitadital si gnal |
regener at or chbppeagpeisat ofg ther pregehn tsiigRan tioser fluctuation and %

|

for output signal gai hange. ;and _by 20 mldly filtering individual
wavel engt hs bet ween g%ﬁ%‘ 2311 POk §P§b§?}nﬂ§}%§ﬂﬁcani ncl udes two
wavel engt h compensatdioni sifortheu ipiieslesteriniveniploed to an optical fiber, four
power nanagement uni t%‘IQ;O.u@l gqlh%tﬂ%e‘ﬁa\ﬁﬂfewlg% filterixhgd'ovﬂ i
mul ti pl exers, a wavel ength conbi ner coupled to t e power
nathenent BAPESNtt WBVERLIEA; anplifiers with a power equalizer
condi tioner in betweepridhel ijANdsdrates a preferred embodiment of
the present invention; and
FIG. 5 is a flowchart depicting the operation

of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIG. 1 illustrates a multiple wavelength
bidirectional lightwave amplifier 100 (hereinafter
amplifier 100) that monitors incoming wavelengths (or
20 channels), as well as their individual power levels,
and controls the input wavelength amplitudes. The
present invention ensures egual outputs of the
individual wavelengths by compensating for input power
fluctuations, thereby effectively improving the dynamic
25 range of amplifier 100. Amplifier 100 accomplishes the
above by equalizing the power among the different
wavelengths. An eight channel amplifier 100 is
depicted in FIG. 1 for illustrative purpose. However,
the present invention contemplates any number of
30 channels (or wavelengths).
Amplifier 100 provides amplification and
refinement in a single stage. In amplifying and

refining a bidirectional optical signal, the present

invention eliminates the need for two stages, one for

-8-

SUBSTITUTE SHEET (RULE 26)



wave| ength splitter coupled to one of the optical anplifiers and
t-0 the wavel | vi sion nul tipl exers. : The net hodj t he
st eps of anpvﬁas%ﬁgd and 30 refining bidirectional optica R’éu%g’%g?”s
using only a single unidirectional anplification and refinenent
stage. Anplification of bidirectional signals is acconpl i shed
using a plurality of gain bl ocks. Refi nenent of bidirectional

signals is acgaephingedibyials traveling in an east-to-west direction
controlling the .anplitu uralit wavel engt h

d%E of a @I %,of . S.
BRI EF DESCR PRP8N20EefAROFsEpREStRT incoming signalg) prayelipfsiRates the
power fluctuathenwest-to-easangémsation.of Bbhh peeseof ingemingn;

G 2 VLR R 94 DB, s BOERCRAE MEBASHLERE BRSS!

i nvention; eérrng of the
10 0 preséagenvent i on; ~ FIG 4 illustrates a

preferred embodi ment of ampyifier 408 REASEBEs! ENENLEPRE A

FIG 5 is a flowhart depicting the operation of the present

i nvent i on. 15amplitudes OfthﬂlEEQOBES@RFP¢P€Rﬂ€Fa¢ﬂECpREFEhRE £VBODI MENTS
FIG 1 illustialesiauanl thahaeavehesglBr to compensate for any

power fluctuations. Optical fibers 102 and 104 are

10 coupled to wavelength division multiplexing elements
110 and 112, respectively, which provide the input
ports and output ports of amplifier 100. Wavelength
division multiplexing elements 110 and 112 are coupled
to the inputs of power management units 120 and 122,

15 respectively. The outputs of power management units
120 and 122 are coupled to the input of an optical
combiner 130. The output of optical combiner 130 is
coupled to the input of erbium doped fiber amplifier
{or gain block) 140. The output of gain block 140 is

- 20 coupled to the input of a signal conditioner 150. The

output of signal conditioner 150 is coupled to the

input of erbium doped fiber amplifier optical amplifier

(or gain block) 160. The output of gain block 160 is

coupled to the input of an optical splitter 170. The

25 outputs of optical splitter 170 are coupled to the
inputs of wavelength division multiplexing elements 110
and 112.

Optical fibers 102 and 104 form part of a
multichannel optical network (or system) whereupon

30 optical signals are passed in two different directions.
Optical fibers 102 and 104 in their simplest form
consist of a cylindrical core of gsilica glass
surrounded by cladding whose refractive index is lower

than that of the core. 1In practice, when compared to

-9-
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bi directional |ightwave anplifier 100 (hereinafter anplifier 100)
t hat nDnl gon1ng wavel engths (or 20 - channels), as well-as their
i ndi vi dual {333@72 ? evel S, and control s the input p3s3
anplitudes. The present invention ensures equal outputs of the

I ndi vi dual wavel engt hs by conpensating for input power

fluctuations, thereby effectively inproving the dynamc 25 range of

ampl i fier 199ect£69hbf tﬁanéﬂ@sageﬁmbaaaesthaebandwmth%Qo dxaaqual i zi ng
t he power a An ei ht channel

th
anplifier ggbggs fod' 5h§' g@ﬂl&Fe&opﬁléﬁéﬁgieforTiﬁlRﬂﬁ%ﬁ %A pur pose.
However , bandwidtheopr epetitallngebergn 10e@nkadpllaed sany nunber of 30

h I I|f| 1Q rovi des
ampl i £ * o LUBXELROOLDY) 20mpe, whach s snoughBox 232 AR I° o
refining a bebephoneoqablmpylwahcslghanneﬂhepﬁmeieber i nvention
elimnates the need fﬁﬁch“9P§E@g§Sf18%§ EQ&rles four chan(fls JHIEO™M Ng

signal s travellng in an eas irection a second st age
for incom nEra3VQhalBter kBl thg past-to-westy ddrgeddond- amplidfiiecti on. Both

sets of inceOdNgnd four chah@BakstHhit! itz@viehe indee (L9 ithRIRs NG -
anplificatio i fier 100 nonitors the

|
PPt ve ' SAs? aizecribRISEPlitiRg HA00m FESERLANBES PRI 5 ¢ he
i ndi vi dual abancemhplienedyddiffereatpéndal welsar- tarpast channqxw%H

{1 uct uat i ong, o bt beal.otl BRERRAIE BI04l engen A1QHILEY, to vevel ength

di vi sion mu pl éxi ng- el eme
provi de themuhpupleX1ng elepents 140d andt peis tpdiot-easit ai@infelsy 100.

Wavel ength enter at wavelength division multiplexing element 112.
'Both wavelength division multiplexing

15. elements 110 and 112 are similar and, in a preferred
embodiment, use a frequency selection component such as
a diffraction grating. A diffraction grating angularly
disperses light into various components as a function
of wavelength. Wavelength division multiplexing

20 elements 110 and 112 establish spatially independent
optical channels by separating the wavelengths out of
optical fibers 102 and 104, respectively. Wavelength
division multiplexing elements 110 and 112 are purely
passive and reversible so either may perform wavelength

25 combining or wavelength splitting functions. Other
than some optical signal loss because of imperfect
coupliné, and some crosstalk from imperfect channel
separation, the multiplex/demultiplex operations are
transparent to the individual channel wavelengths. A

30 feature of wavelength division multiplexing elements
110 and 112 is that they are also transparent to the
bidirectional nature of optical signals 102 and 104.
Separated wavelengths 114-117 and 124-127 are passed on
to power management units 120 and 122, respectively.
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di vi,sion mylti pl exing el enents 110 and 112 are coupl ed to the
knputs of agenent units 120 and 122, 15 resp i ___ The
out put s of pgﬁé?ﬂﬁgnagenent units 120 and 122 are ?ﬁ%ﬁ#ﬁ%%?gsthe

i nput of an opti cal conmbi ner 130. The output of optical conbiner
130 is coupled to the input of erbiumdoped fiber anplifier

(or gain block) 140. The output of gain block 140 is 20 coupled to
t he i nput of a si gnal qmmnﬂﬁimumagekﬁﬁt ubie 120 monltag@pahgof Zi?ngl
condi tioner 150 |s co ed t.0 t.he er.bi um dope I ber
anpl i fier opt|@§I %$¥?§Platlve amp&&#“&ﬁsnogléeﬁfmigg The out put of

gai n bl ock 1l6@viedengths 1ll4cdufl.ed The moaitomingotuartdpni pabvigeistter 170.
The 25 ‘ﬁe%%{hﬁn ngk U kg '11%@1 1%%r~cg%%t8%p%§91&8a§:98n

| nputs of maveleng I Vi sion nu I pl'exin nd 112.
Opti eal f|be@@QHEPQQ?@lldmnﬁﬁﬂ@mpéﬂﬂU@ﬁsathe amplitgdet PEhannel optica

network (or sysicAbn el qtmaru?yoas need%rat keabrghgnahemate tpapsed in two
different directions. al fibers 102 and 104 in their sinplest

form todgrabde c?flfafecr;ﬂnitr’r&rlu éL&lVeé'ér gependipgcgngeyssem
surrounded b)pa&iamkﬂm VmQ&ﬁierreﬁtfaaﬁtglew@nltnd@l)itl s2bovwah be an t han that

f th .
P11 TS AT i AT HFRTHRL T8 o7 rediraioPAe BREGGAIN o
opt il@al atteﬂhdmams Rz axdmpl4.i s Powesi denabementhenpat adei al

band\M dt h of o(i:‘?t\ls ffip%.r %ﬂnq.%.agn%a}@érj %.IS Bower maﬁﬁ reﬁ)éh%ahgl % ZOTHZ

which is eno % for Fty Voi ce channels
per fiber. 120, but on wavelengths 124-127.

With power management units 120 and 122
located between wavelength division multiplexing
15 elements 110 and 112, respectively, and optical
combiner 130, amplifier 100 ensures equal input
amplitudes on a per wavelength basis. This design
automatically compensates for any power fluctuation of
the optical signal inputs. Power management units 120
- 20 and 122 overcome the disadvantages associated with
conventional multichannel lightwave systems. That is,
power management units 120 and 122 compensate for the
fact that wavelengths or channels within optical
signals 102 and 104 arrive at a common destination with
25 different amplitudes.

Optical combiner 130 receives amplitude
adjusted wavelengths 134-137 and 144-147 and combines
them to produce a composite signal 131. Composite
signal 131 contains all eight wavelenghts, and is

30 produced by well known optical combining techniques,
such as by using a fused filter coupler or a wavelength
division multiplexing element. Composite signal 131 is
coupled to the input of gain block 140.
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Each optical fiber carries four channels that travel ,into (in the,
east-to-meﬁ} |rect|on) anplifier 100 and four channel s that
travel int3YPRA*Re west-to- east direction)anplifPeF/UssRR23s3
East-to-west channels 10 are conpletely different fromwest-to-east
channel s. East -t o-west channels enter at wavel ength division

mul tiplexing el enent 110 and west-to-east channels enter at

wavel engt h di vi si on mﬁ&ﬁqﬂh&dqn;kﬂ&ﬂﬁanantnptical amplifier. Ga®Both

wavel ength g1y qg,d“iletdeq'v@g %g\dl%.rrg)llflég qgl%%c se)flée’g?u ¥ simlar

and, in a preferre use
conponent sFERT@Senting both HrRAGAYiSH g?JeRqu‘r’gwf)@ d‘rffftﬂéﬁét ion grating

angul arly  originaldicpRercsas filkEHs 11020 and i1004s, C(IfDQi‘%Eéfé‘ﬁré’df unction

of velength velength di yi_si rngtléﬂ exin el enrents 110 and

112 est abl i § ey .y qar?d‘e\é@ﬂfgh %‘H%tld%l?%‘?'m@réelby separating

the wavel engimpd iditeraf However, @uiircaldalbers h(b?}/ami add, respectively.

Wavel engt h dIVI It| Ie e n 12 are purely
llf:L res%»onr% Q}eér r?gy c%rl f%e ;ﬁ}f‘z%x& —

passi ve and F&rersibl &% ormwa conbi ni ng
or wavel engtdempaitiittliengvifuimamipdri iexH{d; design palta‘lmt%m*e opaimal signal

| oss becauseefon! ARY fiTect 1y ampl G4 Idibn A SO GF OSpLAlSu L T OM

grfect channel séparation, the mJI tiplex/ demJI t1plex operations

the aeeshfar qnﬂ%l |%|3A%Faw1<a4arﬁﬁ}vwrengt 5. A 30
feat ure of waelierRe hHd W 10E M didy exddus £l Bped Sovercome fiddrand 112

is that they are alsf transparent to the rectional nature of

optical sign@°§ 52 faken @Etenuation. Seﬁﬁl‘rrhtté]cp%v]le‘f@r%‘f‘?ﬁél 99-117 and

124- 127 aFEhﬁ@&SQQMMWOVGr extrdmaHynmmdenh&nﬁw&ﬂﬂhsuutﬁhéZ@i@@ﬂ 122,
reSpeCtive'%‘andwidth matches reasonably well the Bgﬁﬁwidth

15 available from optical fibers 102 and 104 as discussed
above. Moreover, gain block 140 can tolerate optical
signals of any format (or modulation scheme, such as
polarity shift keying or amplitude shift keying) or bit
rate, which is termed transparency.

20 Transparency is advantageous because it
provides flexibility for a system operator. In
principle, the system operator can provide a variety of
communications services at different bit rates over the
same system, without the need for changing gain blocks

25 as required with conventional optoelectronic
regenerators. The output of gain block 140 is an
amplified, unidirectional composite signal 141 with
eight wavelengths and feeds into a gain block 160
(configuration not shown), but more preferably, into

30 signal conditioner 150. Signal conditioner 150 is well
known in the art, and can be implemented using a
dispersion compensator or wavelength add/drop element.

When no signal conditioning is desired, gain

block 160 receives signal 151 directly from gain block
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Power managenent ,unit 120 nonitors and controls the relative
anpl i tudes | I Ng wavel engt hs 114-117. The nonj |
function prg‘flq%%zg%p a benchmark of the anplitudes fo%#ﬁ{]%gz:’ss
application. 5 The control function adjusts the anplitude of
wavel engt hs 114-117 as needed to bring themwthin tol erabl e

differential |evels depending on system paraneters. Power
managenent uni40 120GxiEm Wkoah 160 is simicoustic geiitd dalodluriadd earid [ ter or a

variable optigaledlus cne A4 Ol e UAMIR nlUY dmpagerent unit

122 orns In a sim manner managenemt unit
120, but on \waredlkengtis Ipepregenting both propagatioy tdigersteionmmriagenment

units 120 andkd@2original opOEGLEd HSiMeeryyayed ength dinvigian nultipl exing
15 elenents 110 and 112, rleqs(gectlv,ely, and opti cal conbi ner
I

130, Janpl i fi SRAARRF erEiiR LI ARplifies signad 4 deE W per
wavel engt h bagégardMiSr dgsé Huality of Sigmtizal (otmanpangatasgdr any

power fluctuation, of t he optical_ signal .i s.  Power. managenent
ni ts 120 20 =0B11Eade) 15 he SRR (G BTGV HTgRD e I Gh L h
conventi onal umidicdarniehal i gidwel €l &y Arehsis Ehatommysite of thepower

managenent unj ?QP }'ﬁﬁ onpe r..t.he ' f t
wavel engt hs oérii%%ﬁvgae R TT) |$1 %%télkcs:%ﬁlgf oﬁﬂcasll gfnla esfhsl anEE 04 arrive
at alconmon dk®4i na®iorelvi 16l 2Beeds inth fWasredmnatiplsnlidaer 170.

Optical conbiner 130 regglyesn!ddttdeer 170 reldiwsd ethyvavel engt hs
134-137 and 144-147 and con%?%es B € themxfeo‘ produce a conposite

signal 131. CHPRREREes compositejyndinegtichnlainigdngl ighintRvel enghts,
and is 30 compPsshie esh vyl aved th K noywns o dicidn GO N4 echni ques,
such, 35 0Y s, 00 el sea i Set SRUPLEN Bl "NEIEIA Mg ang 1) VL0100
of da&in bl ockIi4ferticular, wavelength splitter 170 presents to
wavelength division multiplexing element 112 the same
four wavelengths 172-175 that were received along
optical fiber 102 and separated as 114-117. Likewise,
wavelength splitter 170 presents to wavelength division
- 20 multiplexing element 110 the same four wavelengths 176-
179 that were received along optical fiber 104 and
separated as 124-127. In other words, wavelengths 172-
175 are the same wavelengths as 114-117, and
wavelengths 176-179 are the same wavelengths as 124-
25 127. However, the amplitudes are different because
they have been adjusted to compensate for power
fluctuations at amplifier 100 input. Wavelengths 172-
175 and 176-179 travel out of wavelength division
multiplexing elements 110 and 112, respectively, and
30 are launched into optical fibers 102 and 104,
respectively.
In this embodiment of the present invention
amplifier 100 allows for optimized operation of equal
amplitudes of each wavelength by measuring the input
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Gain block 140 is an optical anplifier. Gain bIocE 1ﬁ0 receivss .
and anplifi I ght wavel engt hs ‘representing bot r opagati on
di recmgons vl??lgfﬁ#ezﬂ? ) or i gignal optical fibers 102 and M’&?ﬂgﬁ%
preferred 5 enbodi ment, gain block 140 is an erbium doped fi ber _
anplifier. However, gain block 140 may be any _ anplifier responsive
to conposite signal 131 and conpatible with anplifier 100 design
paranmeters. &gnal power pelrowavélendithect Mheamplasiengs iedath pite! engt h,

wi t hout 10 n : Pt I ri,cal., conversion., It
provi des thet%ﬁ%|FP?E&?ﬁ%ngﬁéégs?%?%HF§88§e§@-%é%HQ&af Y equg1lq%ﬁ%;or
fi ber attenuBPV8H. avapg bheckRiffergpnsviwarelengths. mylcoygiensatdmg

extremely w gerbapgurdelscehieiwhdetn thandwidt;h et S reasonably
vel | the bandw dep 15 & octud®ibh, the Pgr%sggtica!%nl LS e o

di scussed improvegybhe. efbresvyr, yarRiG serIe4ic AMPIGitden d Wbt i cal
signals of any format (herepdukakiedteghemadvantiqas concernimpl arity

shift keying | itude_shift _keying) or bL% r.ate, ichis
t er med tyansgg%%%@53£289 power mangge%en%r&ﬁ% &r drdy and nt ageous
because it Placing powerdmanblemichitl uhytkon28 aypst a®20per afly . | n

inciple, t t d r : Vi varl f
PP, O8RS SF, GBRE cEABIALAYYS BNBRIEREL for unoduatyyy
sysken1 wi t hBaverhdigbedbpsioshanghnagthei Ansoodkg Mvelengtdss.required with

convent i onal TRRs0eL8EL OBbRer i hah@@anghal s s: d&&ﬁe%% | n bl ock
140 is an By a i Tied. aﬁigﬁrgctional col§o§%?§ SI%Pa °‘¢Fﬁ§th

ei ght maveleﬂﬁ?ﬁ@nﬁngg¥éﬁhggpntOG&V§8iﬁhBFo@ﬁiEG_1°Cks 140 @nshflifur ati on
not shown), botrodueepnefierabhyo hhboiﬁ@&xgduaﬁzW?ﬁ@le??&ﬂgﬁhogga égo-
?hgrgheﬁggg'ﬁéﬁﬁgéﬁ}SghésngﬁgéiE&gPEFoﬁfc8W§3&§&F5ri83 ﬂﬁhelength add/ dr op
el difent . jeopardized. Nowkéhedessi gnél enhadiceidoniptd dad deisjn=ad, gain
power is of paramount importance, then the embodiment
depicted in FIG. 1 is appropriate.
In an alternate embodiment, the present
invention measures signal-to-noise ratio of each
20 wavelength and controls output wavelength amplitudés.
Again, the amplifier accomplishes this by equalizing
power among the different wavelengths.
FIG. 2 illustrates an alternate embodiment of
the present invention. FIG. 2 shows eight wavelength
25 multiple wavelength bidirectional lightwave amplifier
200. Similarly to amplifier 100, any number of
wavelengths may be serviced. Amplifier 200 optimizes
the signal-to-noise ratio of each wavelength by
automatically compensating for any gain change in the
30 wavelengths. Optical fibers 202 and 204 are coupled to
wavelength division multiplexing elements 210 and 212
respectively, which provides the input and output ports
of amplifier 200. Wavelength division multiplexing
elements 210 and 212 are similar to wavelength division
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bl ogck 160 receives signal 151 directly fromgain bl ock

+12- " W0 99/22259

and

wavel engt hs
original opt
anplifies si

anplified

perfornms the same function of anplifying all eight
representing both propagation directions in t he

140. Gain block 160 is simlar to ggichniefsisss 40

ical fibers 102 and 104. In this 5 manner, gain block 160
gnal 151 w t hout regard for the quallty of signal 151
(other than sighalplexing elemgitis ude) .ankhellfu piRheofolgautiafck 160 is

vele ﬁ'éf\%%f&?lmﬁ%ﬁ ﬁilgameme%@, connasid ©1f the

ei ght mavelengt ori grna

optic ers 102 and 10 104.

161 feeds mt@@mﬁw@@@ ht@pmeetnerrpq% of optical combiner Af{re| ehitft

splitter 170 &@eiyest a(Ekgtlcal combﬁﬁéwzaimslscmq&ﬂléce teniadigaeiat i onal
nt o onent wavel engt.hs.in ashlqﬂ: énl ar to

wavel’engt h diRFFon2 4 tW}b‘P% | R e et LI P D 1

signal 161 i

particul ar,
di vi si on nul
172-175 that
as 114-117.

V@ﬂ@h&ng&d&m&ﬂiéﬁ@f 250 qm*;esaalttesrrtal:lvely to a/vagﬁeilrengt h

Si gnal

h

t?\g‘?@){( g%%ieilgﬁ"s%fjolluzt tg‘? aséng%t]tc calsqhber 1\3%7\/61”?1? th at ed

Lédepl s@, to the outpmt/efofer@ltthéslplf’rxqre&l crndrtelanrs 4

wavel ength di gk 500 201 oci 24§ el el 8 & QRN At N AV

wavel engt hs 1
and 10

were recei ved al on Ig%lcal flber
@é@amm@heéstqmomv martﬁ%wt ViR S é 172-

104

175 are the 5?8@e¥@¥§ﬁ§@8&@§ta§nﬂé4'ﬁﬂﬂ,aﬁﬁmbzz can be\Mhﬁﬂéﬂiﬁrﬁ 176-179
are the sane wavel engths as 124- ver the anplitudes are

di fferent bec@Rical tunabl%h%ylh%ﬁ% %%é%?%&ﬁ?&ﬁeﬂp

attenuators. Power management unit 220 and 222 outputs
are coupled to wavelength division multiplexing
elements 210 and 212 respectively.

As mentioned above, there are strategic
advantages concerning placement of power management
units. Placing power management units 220 and 222 on
the outputs of optical splitter 270 compensates for the
noise degradation introduced by gain blocks 240 and
260. However, total power is sacrificed in this
embodiment of the present invention., This is because
the majority of the amplification power gets invested
in the wavelength with the greatest amplitude, to the
detriment of the weaker wavelengths. Nonetheless, if
noise figure is of a greater concern than power, the
embodiment depicted in FIG. 2 is appropriate.

FIG. 3 illustrates another embodiment of the
present invention. Power equalizer 370 performs mild
filtering of selected wavelengths so as to optimize the
relative gain applied to the different wavelengths
prior to retransmission into the fiber. Power
equalizer 370 may, for example, take the form of an
acoustic optical tunable filter in which the
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fluctuations at anplifier 100 input. Wavel engths 172- . 175 and

176-179 tr of wavel ength di vi sion mul tipl exing el enents '
110 and 112 7P2%%ctively, and 30 are | aunched into oBFT’%é?s’?z?‘ﬁers

102 and 104, respectively. In this enbodi ment

of the present invention anplifier 100 allows for optimzed
operation of equal anpl i tudes of each wavel ength by neasuring the

I nput characteristics may be dynamicalBy adjusted by externaignal

power per Wawg 9?95 T. ent__inv. j on hen cgntrol s input
wavel engt h anﬁ+| ud%%lﬁgﬁﬁﬁégfizéﬂgg gg%igblep%ﬁﬁ?ngﬁ%ﬁﬁ‘thgﬂalfferent
wavel engt hs.sBatemierAramgpge of pla¢bng ppewerfeagaliazeon370he present

invention tiscwden gain  BPEOVESs 6 Nengl $66t L YLy Pagbhet2BEE0E 22D i fier
100, There are strategi c advantages concerning

pl adement of3 PORIMRRASAESR NEOTNRRIUSD RAWe 29istributionppEenay power
management Wwhd Sirﬂé’&niarlngi wale Dénd Higs , or(lj. the bﬂté!lhénét Qﬁait cal combiner 130
conpensat es for unequal 10 pwer .distribution ano e. i ncom ng
macglengths.compensa SRt Y%ﬁa?gb%ﬁe?eggaéﬁﬁhﬂﬁeﬁnFﬁogﬁF§geH¥odinent of

t he gapire sEick 4Nt | om. ti# vethéhahangdi n bhookket4fozdd, 166

I ntroduce nai ' L ndi v viel engtihs ver, the

noi se fi gurgdr(?)f ée{\lr;r%)(?(#r{{%}é Qg%ﬁf#egé’%t&@ By ?g%pa?di %85?1.%§§ hel ess, if
enffnced optsawrifiepdlis less thappwehatssacrpbiaeduhy impdementéngt hen the

embodi ment  the embo&fﬁ%ﬁﬁegeéfbggﬁ%eé by RPET OP! i af Exewise,
In an alternate enbodi nent, the present i nvention easures
si gnal -t o- nGRL 15§ RpLgachigwre 1s behverchBen Ahe aBRLAERSTouUt put

wavel engt h ampidd Uttepure of the embodiment represented by FIG. 2.
FIG. 4 depicts a multiple wavelength
15 bidirectional lightwave amplifier 400 that is a
combination of amplifiers shown in ‘FIG. 1 and FIG. 2,
and power equalizer 370 of FIG. 3. In a preferred
embodiment, amplifier 400 amplifies and refines
bidirectional optical signals using only a single
20 amplification and refinement stage. In amplifying and
refining a bidirectional optical signal, the present
invention eliminates the need for two stages, one for
incoming signals traveling in an east-to-west direction
and a second stage for incoming signals traveling in
25 the west-to-east direction. Both sets of incoming
. signals utilize the same refinement and amplification
stage. .
Power management unit 440 monitors the
relative amplitude of the four separate wavelengths
30 incoming aiong one direction. Power management unit
450 monitors the amplitudes of the same four signals
after undergoing amplification or other refinements
sited above. Power equalizer 470 performs mild
filtering between gain blocks 472 and 474.

-16-

SUBSTITUTE SHEET (RULE 26)



Again, the anplifier acconplishes this by equalizing power anong

the differe ngt hs. "FIG 2 illustr
alternate e% ?@’\rirgr?f? of the present invention. FIG ?’g‘@}?g&%”ﬁ ght

wavel engt h 25 mul tiple wavel ength bidirectional |ightwave amplifier
200. Simlarly to anplifier 100, any nunber of wavel engt hs may be
serviced. Anplifier 200 optim zes the signal -to-noise ratio of
each wavel ength by Power, magaaerealt] yundsspéhfaandg4B6r maybgai n change

in the 30 usetwd eRdesy-s lgotdo%ahnfclt%hswa% ge@e%%qamﬁ@yphe@ to

wavel ength division multip IeX|ng el enents 210 and

respecti vel y, 3fhiddh 3G PSS toné Rpgt L8840 Bﬁﬁp&POBortghls feedbagk

anplifier zoP1cM¢wahgng%keMewemﬂa&mnuEtapbempmg circuit o@|?WmBF§ 210 and
212 acte simlar wave e Vi.SI 0 i pl exi ng
elene%ts 110 1CRf SgFgloProcessor d&?EIQHSWH)dgﬁﬁ i on

mul ti pl exi ng @N@mﬂntscaﬂayam®d2hﬁaptlvely adgusoepkbhd teainhhe i nputs of
opti cal conblgy'f%?}efgg§&§s ﬁﬁ leQEgﬂtfggggghbgakag?ggg er 230 is coupl ed

to again 5 osé out put cou € input of a
si gnal conditioner 250 @ﬁheéwn§ﬁnaﬁ|¢@nyrpé1&rgépﬁt shown) mppstk 260. The

i nput of an Oﬁbﬂiﬂlz%pEMki%%1%7onseach wavel@ﬁgﬁhedeQ bERemgYkpUt oOf
e|th§g signal .conditioner ain 240. The outputs of
I

opt i spl i t £BPTS¥E F3onal- t°aP€1§8u5P€&°go pBuERTFRREgERENPEUARFR 220 and

222. aP@wamrman@gemﬁ@htUbettoZEQuamdhzaaueaa h&vé@@nqthﬁ and
optical tunabl_ g flltgﬁs ar. varla ttenuators. Power

managenent unit 2250 14t& 2 %t gnahheid degfgd&88pﬁé8nﬁ Swl¥el engt h
di vi si on nultpghex1wgvﬁaengths elenents 210 and 212 respectively.

Power management units 430, 440, 450, and
15 460, and power equalizer 470 are also utilized for
monitoring and tuning system performance from a remote
network control center. Power management units 450 and
460 serve a similar purpose to power management units
430 and 440, but apply to signals propagating in the
. 20 opposite direction. Power management units 430, 440,
450 and 460, and power equalizer 470 can be acoustic
optical tunable filters or variable attenuators,
A horizontal line 497 divides FIG. 4 into
upper and lower portions. The upper portion is
25 considered to be the principally bidirectional portion
whereas the lower portion is solely unidirectional in
terms of signal flow. The upper portion is also the
modular portion consisting of relatively inexpensive
components that may be interchanged as needed to
30 accommodate differing numbers of wavelengths traveling
through the optical fibers. In contrast, the lower
portion includes the expensive optical amplifiers and
other elements that need not to be changed to alter the
use of the optical fibers,
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As nentioned above, there are strategic advant ages ¢oncer ni ng

pl acenent managenent units. Placing pomer nana enent
units 220‘@&38§%§;o t he outputs of opti cal splltt 8”
conpensates for the 20 noi se degradation introduced by gain bl ocks
240 and 260. However, total power is sacrificed in this

enbodi nent of the present invention. This is because the majority
of the anplification pages daflmstmagsisedthe process byt vhiatvetlength with
the greates t h t Ry qker

wavel engt hsbr%%hgt E%Qﬂenttqoltn’f %C%%mpllShe%es?g'{ﬂf'ﬁ%lrégtlls&gf a greater concern
t han power, reffanement of @#@@IQQ&%QH%%MQH&&F&L]SmgaalF|Q$¥HHHQR#YaIe

FIG 3 illugt @&hgqeaa%h@rfl@mq@nmmd Heflitement stagd! eSEIYwdrpENt i on.
erforns mld3 filteri.ng of sel ected

Poggr equallz§r
wavel engt hs 28 §gt16lsof5’tl|t|’i’1 Fehe20, where Gangrgle B ted to the
different wpuelsesgtls step 530. Pronorsdep rsem anyd sstedenthtindde: Idober .

Power ual i zer 370 f or t.ake the formof an
ottt ¢ opleRitatd. FRasiiba Rha ‘Pt ipd A "SELs!

- 15- Monitoring maghdeadtherausth & supe el stynadieingl adelst ed by
ext ernal su ervi%' ‘%‘?‘ hGHnell ¥ Sy n‘ﬁa{dra%ﬁzﬁéaef‘uat The
strat egl c advanta bet ween gal n

pl acg“g power equa | zer
bl ¢k 340 afdazes |e§1tsrtat05p theyaansai ssion sysiamcofipnsad es for

unequal pow@m@l SeRiUtFRN tH®REbium doped BB MR MBeL enggPs, on the
one hand, and conpensat es for the Qi se de radati on, i ntrtoduced by

gai n bl ock B%ESUSA Nohe MNP THAY 203G, t amplitudes

of individual wavelengths prlor to wavelength
amplification, the present invention improves the

15 effective dynamic range of the amplifier.

In step 540, the present invention monitors
and measures individual wavelength amplitudes after
amplification by one gain block, and before passing the
wavelengths to another gain block. By measuring,

20 monitoring and controlling the individual wavelengths
in between gain block stages, the present invention
performs mild filtering of selected wavelengths prior
to retransmission into the optical fiber.

In step 550, the present invention monitors,

25 measures and controls the amplitudes of individual
wavelengths following amplification by the second gain
block. By measuring monitoring, and controlling the
output amplitudes of individual wavelengths following
wavelength amplification, the present invention

30 improves the signal-to-noise ratio of the amplifier.
In this manner, the present invention relaxes the
requirement for gain flatness. If additional data
exists on the input to the amplifier, then control

18-
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t he .enbodi nent represented by FIG 3, total power 10 sacrificed is
Fess than tWateessyasi ficed by inplenenting ' the embogiiRibsn23
represented by FIG 1. Likew se, anplifier noise figure | s %etter
than the anplifier noi se figure of the enbodi nent represented by
FIG 2. FIG 4 depicts a multiple wavel ength 15
bidirectional lightwave anplifier 400 that is a conbi nati on of
anpl i fiers shwtmins MG stemrl Rl GOtherwise, opexadioowef ddwaicheert 370 of

FIG 3. In a SRT(?fl% r&hplete, as e_m&cgarggg by Hdef i5@ip 400 anplifies and
refines |d|rect|onal optical signals using only a single 20

anplification and refi rf8keR "sl”teadéwenltﬁ'-%rﬁﬁsf Weeg Bigticularly refining a
bi dijrfecti onal siagn cald Sci@ta&f ibddavire SRIF erence to plr}é\f@i'tﬁe@n el imnates the
need for two sta one f.or . J c mn na ling in an

east 2t o- west ‘%@ﬂ‘ ¢S thereof,, it éf”'gg L&[‘%&% ﬁ& si gnal s
traveling in Q&lled in hehevestt ttd}aaas/canilmtalmmgesBam fsmn’s amfd i ncom ng
signals utili gﬁgc; fi qm! fi caf i e.

Power nanagerf‘rzseﬁl‘%é uni t 406§ nll‘ﬂfor S etrﬁerﬂ HOJt ellp%tr}tlngarjrfﬁmri ﬁ%%gof t he

four separ at SHinAe} aand ec@me of the mﬂrrtgoai-ong one direction. Power

managenent unit 450 nonitors the anplitudes of the sanme four
signal s after undergoing anplification or other refinenments
sited above. Power equalizer 470 perfornms mld filtering between
gai n bl ocks 472 and 474. - 16-

Power managenent units 440 and 430 may be

-19-
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used as sensors in conjunction with power equalizer 470 , as. an .
actuator t f eedback | oop. This feedback | o t he
formof a g‘l’érglienggl rcuit or a nore 5 sophi sti cat ed c%&?&gﬁg&%ﬁ%essor

(not shown) that automatically and adaptively adjusts the gain
characteristics to flatten frequency response.

O herwi se, a controller (not shown) m ght optim ze the gain for
each wavel eriiir forcexsmpbersto 10 i nprove signal -to-noi se ratios.
A further use of such a controller mght be to squel ch unused
wavel engt hs and avoid idle or failed channel s degrading signals of
ot hdr wavel engt hs. 1. A multiple pavelepshhgbifAreghionald3n, 440, 450,
and 215 1190rwaRd RAYesseapal Eagpriddnagre also utilized for

nonitoring and tuning system perfornmance froma renote net wor k

confrol center. Power AnhipehewaveheRgthsgiypgion multipisgexarve a sinilar

pur@ose to peyEHlEBNEFESEPirybi bftical fibe#30 and 440, but apply to
ini'Pe 430, a0, o 2 ESE8e navaBRaBAdPaRer Catar YR Ao o ARt
acowstic first wapvetahgthndbbvésioht mndtdplexderabl e attenuators.

A herizontal line 497 diyj F i P I lL.ower
ppr?ions: The upper po?t%%ggﬁg ggbe?ehBEggﬁ%yégggg ﬁgggép?%%egrincipally
bi dir ect i onafopptedoro a secondwppfégadlt RabeRswer portion is solely

uni @i rectional in a secéﬁ&”ﬁo@ér?h&ﬂé?eﬁbﬁ‘& uhie URReN ROl on is al so
th npdul ar portion conS|sth9 Q rehitngl§ i hexpensi ve
coﬁ&bnents t Pt dn85CpRdi He¥rLRBAGRIGAY AR AL E51B8S%CT}  Sccomodat e

di fifleri ng nunbers of waveheagehgthr avmbiner coupled thr eadld ttHe-sapti cal
fibers. In contrast he | ower rtion includes the expensive
d RPcFebang Boulthangppmeng, BRGY

optical anpl s that need not to be changed
to @ ter the aseoptithd eppilddliefi boupled to said
-17r4 wavelength combiner, and
15 a wavelength splitter coupled to said optical
16 amplifier and to said first and second wavelength
17 division multiplexers.
1 2. The multiple wavelength bidirectional
2 lightwave amplifier of claim 1, wherein said first and
3 second optical fibers each carries a first and second
4 set of optical wavelengths, the first set of optical
5 wavelengths traveling towards said first and second
6 wavelength division multiplexers and the second set of
7 optical wavelengths traveling away from said first and
8 second wavelength division multiplexers.
] 3. The multiple wavelength bidirectional
2 lightwave amplifier of claim 1, wherein said first and
3 second wavelength division multiplexer comprise a
4 diffraction grating.

20 R O RN O
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FIG5 illusfjrates the process by which the present invention
acconpl i she i.Lication and refinenment of bidirect] i ca
si gnal s usi ﬁa&%{fs& a single anplification and refi nehsﬂ@gg’ialg‘g

Fl omchart 5 500 begins with step 520, where control imrediately
passes to step 530. In step 530, the present invention nonitors,
nmeasures and controls input signal power. Moni toring may be through

a supervisory channel. A, The maUBREHYeSwayetBagahl béahrakbsdonami t or

- physigal 10 . characteri,stics Qf the transm Ssi.on_syster uch .as

purp fevel 1ol EREVEVE, GRPAARCATT Pher 1AM it Bpereipysald FlksEigaats o

nmoni t dri ng andecontdr powiery mamagteneml vhides further cofpradevidua

“wavel gngt hs prg | t : ification, the present
inven%ion inpfggégﬁgﬁgg%gjﬁgg Qu@??%@tf&§%%$ﬁanic range of the anplifier.

. In step 540, the present invention nonitors and neasures

~indivjdual wavel ength amplituges @hkdble wavelengtBl bilkeakbeaocR¥10ne gain
. bl ock, and befaore passing the wavel engt As .t o anat her gai n bl ock.

) A : e
By ne%suring,léﬂhtwave ﬁmﬂlﬂgﬁ@ﬁg°$n&1ééﬁtéélw ﬁ§eﬁﬁe3?ﬁéi tggk and
wavel 8ngt hs  second powdithiaeeregnt bhitl sbagesset Aevargapae i nvention
performs mld filtering of selected wavel engths prior to
retraﬁsnissioﬁqqﬁﬁyﬁﬁﬁixunicaI fiber. In step 550, the
present invention nonitors, 25 measures and controls the anplitudes

.~ of i ngi vi dual wavel angl ankabh aAgeaaRLLh 3ki0cRYohhe second
gai n bl ock. By neasuring nonftoring, and controlling the
out pu? anpl i t ddehtaaviengimpldfdlern@ielcdagind . f vheswiingsaid firstwgaefength

anpl i §i cati on,gddag Pr@r8Ma1l RYPLiF9Rr30 compriskMBhO¥eS i L€ gdbgRal - t 0- noi se
ratio of the anplifier. = | In this manner, the present invention
rel axds the Iiber ampdddilerent for gain flatness. If additional data

' exists on the input to the anplifier, then control

7. The multiple wavelength bidirectional
lightwave amplifier of claim 1, further comprising a
signal conditioner coupled between said first and
second optical amplifier, wherein said signal
conditioner comprises a dispersion compensator and a

O\ A B W N

wavelength add/drop element,

8. A multiple wavelength bidirectional
lightwave amplifier, comprising:

a first wavelength division multiplexer
coupled to a first optical fiber,

a second wavelength division multiplexer
coupled to a second optical fiber;

first and second power management units
coupled to said first and second wavelength division
multiplexers, respectively;

a wavelength combiner coupled to said first

_— O O 00~ N Bl WY e

—

and second power management units;

_ 21-
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- 18- returns to step 520. O herw se, operation of

fl owchart W 500 is conplete, as indicated by step 560. ‘
Wi l e the YRN¥dn has been particularly shown andTEEPBRBEY with
reference to preferred 5 enbodi nents thereof, it will be understood
by t hose skilled in the art that various changes in form and
details may be nmade therein w thout departing fromthe spirit and
scope of the inventior first optical amplifier coupled to said

2 wavelength combiner;

3 a signal conditioner coupled to said first

4 optical amplifier;

5 a second optical amplifier coupled to said

6 signal conditioner;

7 a wavelength splitter coupled to said second

8 optical amplifier; and

9 third and fourth power management units

—
o

coupled to said wavelength splitter and to said first

—
—

and second wavelength division multiplexers

—
D

respectively.

9. The multiple wavelength bidirectional
lightwave amplifier of claim 8, wherein said first and
second optical fibers each carries a first and second
set of optical wavelengths, the first set of optical
wavelengths traveling towards said first and second
wavelength division multiplexers and the second set of
optical wavelengths traveling away from said first and

e N O W B W

second wavelength division multiplexers.

10. The multiple wavelength bidirectional
lightwave amplifier of claim 8, wherein said first and
second wavelength division multiplexer comprise a

BoW O o~

diffraction grating.

11. The multiple wavelength bidirectional
lightwave amplifier of claim 8, wherein said first and
second power management units further comprise an

HOW o -

acoustic optical tunable filter.

] 12. The multiple wavelength bidirectional

——

a gy
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-19-, . . VWHAT IS CLAI MED | S: 1 1. A
mul tipl e-wa\wbesglgbgg bi di recti onal PCT/US98/22353

1 lightwave amplifier of claim 8, wherein said first and
2 second power management units further comprise a
3 variable attenuator.

13. The multiple wavelength bidirectional

1

2 lightwave amplifier of claim 8, wherein said first and
3 second optical amplifiers comprise an erbium doped

4 fiber amplifier.

1 14. The multiplé wavelength bidirectional
2 lightwave amplifier of claim 8 wherein said signal

3 conditioner comprises a dispersion compensator and a
4 wavelength add/drop element.

I 15. A multiple wavelength bidirectional

2 lightwave amplifier, comprising:

3 a first wavelength division multiplexer

4 coupled to a first optical fiber;

5 a second wavelength division multiplexer

6 coupled to a second optical fiber;

7 a wavelength combiner coupled to said first
8 and second wavelength division multiplexers;

9 a first optical amplifier coupled to said
10 wavelength combiner;

B a power equalizer coupled to said first
12 optical amplifier;

13 a second optical amplifier coupled to said
14 power equalizer;
15 a wavelength splitter coupled to said second
16 optical amplifier and to said first and second
17 wavelength division multiplexers.

1 16. The multiple wavelength bidirectional

-23-
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2 | i ght wave anplifier, conprising: 3 a first,

wavel ength division multiplexer 4 coupled to a first _optical fiber; 5 -
afirst p nﬁﬁﬁhgenent unit coupled to said 6 firs® 3W§ﬁﬁ%h
division nultiplexer; 7 a second wavel ength divi sion

mul ti pl exer 8 coupled to a second optical fiber; 9 a
second power nanagenent unit coupled to 10 sai d second wavel ength
lehS;On PUiigEEﬁéeé a&éllfler of claim 18, Wﬁ%@&%ﬂﬁtﬁaﬁgﬂﬁh&%k Gipl ed to

sai irs

ower . mana enent nits an
opt cal | anpferred eafbfal fobexPqctsn CATITERNE Ehush Edtbinsendng 15
a Bavel engt hegpbft bpticalipivatdeliengahd,ophiec&lirst set ofampltifdadr and to

f |
S?uﬁ TL;SLu??ge?SBQaggrg%g%ﬁﬂgkg|rec?rds Fgéﬁl% ggtngkﬁt% ve?%ﬁpllfler of
claimi, m‘ea@ehegqt:b ﬂwsmandmgltlplexgwoﬁ@dor;hecalecnn@eﬁ@tea:&\ carries

a fg st andopecend davelengths Bha0RULGY aVAYCIeRH! BBid B Y Snpet of

d wavel engt hs traveling towardS said first and second
elength EFGPgﬁowaﬁﬁﬂ?PHFExQﬂgléﬁQHtW€l§é@&ﬁ&e§§t of 7 optlcal
wavel engths traveling away fromsaid first and 8 second wavel ength

di vi si on nultlplexers 1 s L3 he .mul tinpl.e vel ength
bi di rectional 2 rghF%ﬁv@“&&ﬁPﬂFi&P‘&ﬁ%H%ﬁaﬁaﬂgiﬁﬁﬁkﬁQﬁ%lnd first
an& 3 _ 1$ghbwdvaaambédgﬁbrdbfisﬂadmnuBLimmexeﬁncmmmﬁ:ﬁinsuland
di ff racti onggrahhNgdavelength division multiplexer comprise 20
4 diffraction grating.

18. The multiple wavelength bidirectional
lightwave amplifier of claim 15, wherein said power
equalizer further comprises an acoustic optical tunable
filter.

HOW D -

] 19. The multiple wavelength bidirectional
lightwave amplifier of claim 15, wherein said power

3 equalizer further comprises a variable attenuator.

20, The multiple wavelength bidirectional
lightwave amplifier of claim 15, wherein said first and
second optical amplifiers comprise an erbium doped

AW —

fiber amplifier.

21. A system for optimizing the performance,
in a communications network, of an optical signal
regenerator, said system comprising:

means for amplifying bidirectional optical

W A W N -

signals using only a single refinement stage;

Hllllll N0 llll .
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4. , The rultiple wavel ength bidirectional 2 | i ght wave anplifier of
elaim 1, ' idfirst and 3 second power nanageri;%qpusgmf,gg,
further cgﬁgbﬁégxéﬁ 4 acoustic optical tunable filter.
5. The mul ti pl e wavel ength bidirectional 2 |'i ght wave anpllfler of
claim1l1, wherein said first and 3 second power managenent units
conprise a variable 4 at t enuat or . 6. The
mul tiple wavel ength bidjreecti I "y i ?gPlb btgLapf claimi,
' mherefn said first and{négﬁg £8¢ rgf% B ﬁ @?f&@ﬂfo I ers conprise an

er bi dn doped 4ignals ®gbag aaptli pingle rgflnement stage, whereimpe nul tiple

wavelengt h bi dht gching08ki8acion kb8B! ueNsrasmyifier of claim 1, further
conprising a I gnal conditioner _coupl ed between said, first and 4

secorfd optlcal anpllfleWeaﬁhéiégnmgéPﬂ £°% ?a%urlng IDBRGI $HENRF conpri ses
a di spersi on pewpensahputabtiigiab wavelengvk| emgd himphdt ds bgnal ebent . 1

8. nultlple mavelgnggh bidirectional 2 | i ght wave anplifier,
conprysing: 3" se ra a first wavel ength division nmultiplexer 4
coupl®d to a first optimahitbbéng Beans for monitoripgssabAdinemel ength

divisgon multip ﬁ§?mggwer, 1n§gﬂp5§§P%g RavecondeRptigal ihpher: 7

“ first and secoOn

9 51gnal to- n01se ratio; and
10 control means for controlling amplitudes of a

fa—y
—

plurality of wavelengths.

22. A method for optimizing the performance,
in a communications network, of an optical signal
regenerator, said method comprising the steps of:

(1) amplifying bidirectional optical signals
using only a single refinement stage; and

(2) refining said bidirectional optical

NN bW —

signals.

23. The method of claim 22 wherein step (1)
further comprises the steps of:

{a) measuring input signal power, input
signal wavelength, and input signal-to-noise ratio;

{(b) monitoring said input signal power,
input signal wavelength, and input signal-to-noise
ratio; and

(c) controlling amplitudes a plurality of

O 08~ O bW —

wavelengths.

225-
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8 coupled to said first and second wavel ength division 9

mul tipl exers, respectively; 10 ~a wavel engt h conbi ner
coupl ed-t o weydgdphispst 11 and second power nmanagenment ®OTAS98/22353
-21- 1 a first optical anplifier. coupled to said
2 wavel engt h conbi ner; 3 a signal conditioner coupled
to said first 4 optical anplifi yﬁ 5 a second optica
anplifier coupled to gaid 6 signal conditioner; 7 a
wavel ength splitter cQupled to said second 8 optical anmplifier; and 9
third and fourth powe nagenent units 10 coupl ed to said wavel ength
splitter and tQ said fiirgt 11 and second wavel engt h di vi si on
mul tipl exers 12 espectivel y. 1 9. The nul tiple
wavel engt h bi dir ' i ghtwave anplifier of claim8, wherein
said first and b= second optical fibers |each carries a first and
second 4 et 5of optical ths, thHe first set of optical 5
wavel engt hs §ra sHi Akt and |second 6 wavel engt h
di vi si on nulvty n es t of 7 opti cal wavel engt hs
traveling awayjf gom s in itf st ) sgcor, engt h divi sion
mul ti pl exers. o. N
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1 10. The multiple wavel ength bidirectional 2

| i ghtwave anplifier of claim8, wherein said first and 3 rOSRRE3
wavel engt h HMQP9&2HY nul ti pl exer conprise a 4 diffracti on grating.
11. The multiple wavel ength bidirectional | i ghtwave anplifier of
claim8, wherein said first and 3 gecond power managenent units
further conprise an 4 acoustic cal tunable filter. 1

12. The nultiple wavehengt h bi directional

-22- 1 | i ghtwave anplifier of claim8, wherein said first
and 2 segond power~gmnagenment units furﬁher conprise a 3

vari abl e att engét or. 1R 13. }The nultiple wavel ength

bi di recti onal |qhtvvave anplifier of ¢laim8, wherein said first

and 3 secophd 2Qpt ical anplifiers conprisg an erbi um doped 4

fiber anplifier. el
=
[T
=)
=
o
N/
N o
A\ \ N/ § )
N o 3
o
u
i
sH Kf.
8k 5
23 5 N
8 /s — 25
& N T Y O N
WA < &2 3 O
i
‘ & i o N T
N o O
L
22
~ =2
& © -
3\ F
V
A M = < X}
5 5
J o.o R a3
S W/ \E
S
o) Y
z -
2]
N

prneed
-
-
]

WDM

21 0\

SUBSTITUTE SHEET (RULE 26)



The mul tiple wavel ength bidirectional
condi ti oher
wavel engt h RCIAISHSLBS3

1 14.

| i ght wave gé:%ﬁé of claim8 wherein said signal 3

conprises a di i on conpensator and a 4

el enent . 1 15. A nultiple wavel ength bidirectional

| i ght wave anplifier, conprising: 3
division nultiplexer 4
a second wavel ength divi sion nmultiplexer 6

opti cal
first 8

a first optical anpliflier coupled to said 10
a power equalize

fiber; 7

and secqnd wavel ength division multiplexers; 9

anplifier and

a first wavel ength

coupl ed ﬂiﬂi first optical fiber; 5
coupled to a second

a wavel ength conbi ner coupled to said

wavel engt h conbi ner;

13

ed to said first 12 optical amplifier;
a second optical agplifier cbupled to said 14 power equali zer;
t@er coupled to said second |L6 opti cal

a wavel ength spli
to said first apd Becond 17 ngth d} vision nmultipl exers

16. The nultip

-23-
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1 i ghtwave anplifier of claim15, wherein said first and 2

second qpti‘cal fibers each carries a first and second 3 peT6dosREas3
optical wav¥QAMWEEH® the first set of optical 4 wavel engt hs traveling
towards said first and second 5 wavel engt h di vision nmultiplexers and
t he second set of 6 opti cal vvaveI?ngt hs traveling away fromsaid
first and 7 second wavel ength did/®ion nul ti pl exers. 1
17. The nultiple wavepength bidirectional 2 | i ght wave anplifier of
claim 15, wherein said{first and 3 second wavel engt h divi sion
mul tipl exer conprise aj4 di ffraction grating. 1 18.
The multiple wayel ength bidirectional 2 i ghtwave anplifier of claim
15, wherein saith powery3 equal i zer furthergconprises an acoustic
optical tunable firtgr. 1 LY 19. The nultiple
wavel ength bidir ct%onal 2 | i ghtwave anglifier of claim15, wherein
said power 3 2qual i zer [fur £ npriseqy a variabl e attenuator. 1
20. The nul tipl veremgiiy bi di al 2 | i ghtwave anplifier of
clai m 15, wher@l m sal I Dst andlP seconld optical anplifiers conprise
~an er bi um dope f 2ber fi 1 | 21. A system
for optim zing " f : n a qonfruni catijons network, of an
optical signd® 3 Qre , S&f systgm conpri siing: 4
means for arrp‘i*if% dir | opt 5 signdls using only a
singl e refinenent e;
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- 24- 1 means for refining bidirectional .optical. 2

signal s using said single refinenent stage, wherein 3 (}}@lz#?g’z
F 50

anmpl i fi c¥PEH2P¥E/ns conprises: 4 measurin

measuring i nput signal 5 power, input signal wavel ength, and input
signal-to- 6 noi se ratio; 7 nonitoring neans for
nonitoring said input 8 signgSﬂgomer, i nput signal wavel ength, and
i nput 9 signal -to-noise ratid; and 10 control neans
for controlling anplitudes of a 11 plurality of wavel engt hs. 1
22. A nethod for optimzing the performance, 2 in a conmuni cations
networ k, of an optical signal 3 regenerator, said nethod conprising

the steps of: 4 (1) anpl ?5# ng bidirectional optical
signals 5 using only a sj S Nognent st age; 500d 6
(2) refining said bidirectio

jal sjmfiq‘q:al si gnals. 1
23. The method of claim 22 eLein ep/ (1) 2 urther conprises the

steps of: 3 (a) suring input signhal power, input 4
si gnal wavel ength, |and i nput signalgto-noise ra%gg;

Monitor, Measure and. -
Control Input
Wavelength Amplitudes

L.

Monitor, Measure, and
Control Ampilified
Wavelengths After
First Gain Block

l 550
/

Monitor, Measure, and
Control Amplified
Wavelengths After
Second Gain Block

If
Additional
Exists

Yes

- 570

560

FIG. 5
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5 % & ® .
B T F F
si-gfhal wavel enat

and i nput si

(b) nonitoring said input si
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