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I N CHANNEL RESI DUAL CHROVATI CDI SPERSI ON MEASUREMENT
BACKGROUND Tel ecommuni cations carriers typically
walepbopiept i cal fibers for transmtting opti caPCHUSIVAE/E84516
fromone point to another. Sone tel econmunications
carriers transmt high bit rate optical signals
t NTQUOMASMEY REBEDS AT ACHRONMTIC BISPERSION MIASHREMENT
ultra |l ong haul, and/or undersea networks. In such
high bit rate systens, BACK&RBHED of the optical
ool SR LRy e b BB o
signal@fifoinCéde pdifad anotbh, Bomid t€ledbrdpRihihtéhs davidry 88nsnfi€high bit rate
. "spreadi ng" of an optical signal due to the mavelen?th
opticed) sigaplg deegtouch Aibepdpoeqnampuyieatims i loagihgnl, skratlpeg haul, and/or
ti : I . h Co .
under QR chRork 1 bl (FrRAML AR ARG Ricllibirbhity dopend
upon g ealst bf rsitiavdvehatigdifgeradn (1D’ Ypt b chinns] groaddeditirbugh the optical
fibers., Chramatie disereion pralven e spgading 2ok an e tB S8l ald B%he wavelength
depent€fdl Jf itﬁ@vél&itg of DR RBEHISIF RE opll&I Qgﬁeil.c 4 anSd Bieal si%nal contains
Chromati c di spersion may occur due To the terials
multiptakianglcugshs thenopreite ahrofriabe dspensthhothegenstittant @avdengtheof the
. tical. fibers.,.The spee f light thr h an optic .
ontics? Figa Wy 18] G Ber P agua Piontigh e i uhfepErorent times
at the @écetRe rbdulilg in BhyfrcadiaghoM@y 8beadkizniBCHREmESRS didsdreien may occur
at a slgﬁhtly di fferent angl e when passing through an
due toothe imeadriafy maling Thithy epsicplafehcroandder sspmetiss nftheuaptiod! fitiges. The
specdi g b huGf e S ST IR LG SHRE TP LT BB focnt b the tighe
Thus, @aglawhiSerpeh mae ©o Rerdctdds) a slightBr diffeent andleshehupdssing through an
. chromatic dispersion nay be a&Prpxinatehéﬂ;1500"‘ ]
optlc% 1865 é@gﬁﬁraew or@reaﬁ%pg e (hrgm iscalle r@,tmqlcccgppersmn. For

examﬁg,%@h?h@g%ﬁ{ 28%1%&}125’% ! Ltk %at%fvgf {%n%l (S)rg?m ?gfgéa%lgorg(ﬁ(t@s),

te o e tolerance to res
tolerandwr tonedidwal dirsptis idepersin ey beghpeedmbelyapl0ox preateebyds (ps) per
"100" m@i/ nm BRI EF DF | PTI OF THE W NGS .Fi.g. 1
nanomeCr{RTE AR A G aHP WPV EPHBIRES WA TR UPR fga rate of
forty gl’@? iR rARs & thRda @ &hitid@YpBol ARY 8EBAHUBE toFpProximately
illustrates exenplary conponents of a network
“100"dwince, a transmitter, and/or a receiver of the

conponent s o?ﬁ QNG X Fig. 1;

Fi 9.Fig. 1 IsldasdkembRey 8xenil & ¥nEREROASMHish §fstdnit@nd methods described

receiver depicted in Fig. 1; Fig. 5 depicts exenplary
hereincypy bp enplsmented; t unabl e dual - frequency |ight source of

the t.r i il r ' j C [ .one

o HEEE ALY clonldiih ' hEndrds & SherfolRId Il iflC andror o

receivar bfithalkevoikdbpitte@diueiacy; | i ght source of the

transmtter illustrated in Fig, 3 according t o anot her
i npl Kigehdeni¢ty gxemplary components of the transmitter 1llustrated in Fig. 1;

Fig. 4 illustrates exemplary components of the receiver depicted in Fig. 1;

Fig. 5 depicts exemplary components of a tunable dual-frequency light source of the
transmitter illustrated in Fig. 3 according to one implementation;

Fig. 6 depicts exemplary components of a tunable dual-frequency light source of the
transmitter illustrated in Fig. 3 according to another implementation;

Fig. 7 illustrates an exemplary spectral arrangement diagram capable of being

generated and/or received by the transmitter and/or the receiver of the network depicted in Fig.
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Fig. 7 illustrates an exenplary spectral arrangenent
di agram capabl e of bei ng generated and/ or received by
W@ b@InTEssni tter and/ or the receiver of the neP@DDE2008/084516
depicted in Fig.l ; Figs. 8A and 8B are exenpl ary
di agrans depi cting how the receiver may detect a group
1; delay difference for two optical pulses
si mul t aneousl Fig. 9 is an exenplary diagram
i || USes & eyl gﬁ)weteﬁernpbaed%ﬁaHWp@én@b@wéhegrreémserdé%a‘;etect a
f a i.n; Fig. 10
g“nmq1I ﬁ%%@?igﬁugﬁgﬁﬁﬁFﬁﬂg%Sﬂﬁ¥ﬁ§?8us¥angenent (for a
s ec omg Disdarexcipipliagraci Slpstsinghowdhagscainee apalb@ctof group delay
ing generated and/or received by the receiver of the
dﬁﬁﬂﬁéﬁﬁbﬁ%P%@EF@ﬂ@§eﬁﬁmP»g 1; and Figs. 11 and 12 depi ct

flo rd .

e R e S e
disperSion PHaERRREHDa BIvIBODBE IE NE S rdtae ahdbt metingd bethairbedver of the network

. desc ip ion refers to the acconpanyi ng drawi ngs. The

dq”m§§ ﬁéF@nce nunbers in different draw ngs may

I derﬁlg£ Y108 13 @@ﬁcpﬂo@lcmﬂf KbLRPRRY ﬁmc@ésésoaccmﬁng to

follow ng detailed description does hot limt
impleimauiehonsodescrildticgher bit rate transm ssi on becorres

mor e poRul & ¢ rf BL RS RS (AT S BEEIEEDYS RS 3 d

r esi dusr—ehrotratrtt—arspetrstor—w
i nstRld fatlb®hgalchilet Auddriptish edtrs rﬁgtheld@wﬁlmyn%mrwn@g The same
test devices are unable to neasure a residual
referegen wiraldre indiffprensdrewings nzayDeensdy Wenvems g simibirglosests. Also, the
E%E&@ al technol ogy used
ﬁﬂkw?kéﬁﬁ%}%é%%&g% 3§&gg%%¥ﬂ%§Pg |%§ fiber optic

backhohigh¢r harednsofissonDABbhbamet pﬁ@hwa rekst ialeelaessaee aceded to
total useable bandwi dth in the DWDM channel s

measig thegigpidyed chrognptis dspesionyxithia 2 W@b@ aig eﬁstadﬂiag% %m% touble

shootlglg_lﬁ-ﬁggge@?ﬂ; gﬁgtl % gy Qre %%ﬂélg Zélﬁlﬁgsulﬂé % ﬂ% (ﬁlﬁg@%ﬁ glsp ersion

in a DensnWhi dsigtlaVavikiab Il\éul\‘/lplmeﬂng BWDBT) épgay optecal GcRtiology used to

increay oyt e Bt e PR oL RSER 6 B3P G osed network

becaub®RRIMI QMM d BindwddiM 8K e IPWIDM SRERL! Bltod ANGSy. F Sabdpl, a channel
test devices are also unable to performresidual

may belib 0 raigeleertsi (67t @h@imehﬁa@@d engéntay dhverd usqableéoaneh‘awﬂebéless than

25 REIRER Bar BEEF0 2" Rl il Rl i le R el R leneth stm ey be 0.2 nm

for a BQGHY, EHeMest |d€ﬂb@ﬁﬁ§ﬂe§f)ér%§e gesedcl RedeiErRiduanBitoMBAS dik fersion is
i n-channel residual chromatic di spersion for an

measuspd WitBIn § Yae smpl seestrgl epgen esting tegf devighs etlso unable to perform
remdua%lﬁo:lkﬂgt?ce &SB&EM %‘a %ﬁﬁ&e Qﬁ&tﬂ@[sl%ec%fsg U%CGI’F ™ ph 1 bl >yswal

I N one Iﬁp enen atlon {wo o
delaydm cgﬁnaroahfpdnatts bﬂmmétvveﬂumeﬂegsfnqmﬁhearsgtdm&nmwumya
DVDM channel at a tranﬁn155|on end of an optlc@l
t r an€pleesiRiony deserbed AeretnaaaPeRspEs nrghepacl reyidpal glpmatic

disperfoﬁ%@ﬂPéﬁ%al G bQ?ed@?t%ﬁﬁr(@%.,%thlgl e Gt -¥ed network, a DWDM-based

network, etc.). For example, in one implementation, two optical pulses may be generated at two

-

frequencies/wavelengths within a DWDM channel at a transmission end of an optical
transmission system, and the arrival times, and their frequencies, may be measured at a receive
end of the optical transmission system. A frequency difference may be calculated or set for the
two frequencies of the optical pulses, and a relative group delay difference may also be

calculated for the two optical pulses. A first order residual chromatic dispersion may be
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end of the optical transm ssion system A frequency
difference may be cal culated or set for the two

w0 e@guenes es of the optical pul ses, and a rel ap¢T/ES2008/084516
group delay difference may al so be cal culated for the
two optical pulses. Afirst order residual chromatic

calculdicd PSIdViaMgIRY reReRaly @dﬂpadeﬁgl ditrerdhdd 4 10 fichBerceldafférvoe. Systems
group del ay dlfference the frﬁguenc di f f er ence.

and mthorlefesceiher heseingary aj@sbﬁr issd do prdewinta highgr ardsprapilupalsehigomatic
dlSpel'él%n%%Lu%y loaﬁlh\?/% ﬁle a%ggtﬁ(; >gr eSﬁ%i&l %ste? I?(;r a%ﬁecgmmumcatlons provider)

to detéﬂnﬁhﬂtﬂe&sdldﬂal f:h)ﬂ'onﬁtlt: dispeivnunt amvmm shmneL/qLdaﬂ)/ ah® accurately

detern1ne the residual chromatic dispersion in

charfriél | guincRegpkngdiggiany eftangvors 0 in ngchaWSt@sa@r?ﬁfi apeghods

0

doscrifh T iy B ARAURENCS s IBACR oo 300 A dp AL T HEwork
devicarétOn@rd, t]hﬂ(finda&'eﬂ amﬂaunté add peut \A@@)(amiemother ﬂdt@foﬂedegzme 110 (e.g., that
. hat . i ncl ydes a annel add ort 120). and_anot her .
mclu(f?émweh dippaert 111’@) (néteﬁonnqc Vit He PRI O B GHANAD pndppptical
ampliRE" isol%@twom(mrrﬁ%nﬂ%%%cm@ a%ﬁ&ﬂﬁﬂ&ﬁb& Nnk i1 B¢ bStwréPa

and an optical anplifier 150. Network 100 nmay further
transnitfet Litfecomnewserhiorihenndl edd pom k20 aod bacwavelnl &) ¢conaesed totahrnnel drop

conn channel add t 120 gnd _a receiver
port 1360 TEGTREE et S R Harsrirup® Bhirs Hiipdle Faeddy Gisiier. and o
singled8Mi €@ havd WeentillaradS s iFen 1ffob&plicity Singh@icePthkeahay Be different,
transmtter, and a single receiver have been
more,jor lass petaoski dpyicasi gansmigsinn f&harploptsal ymplificssy wesmiters, and/or
receiveRETAsdRY Qe ﬂﬁ%ﬂh@&?gﬁe ?{%'E\§0rk°ofevlc§§' Pl d‘&‘a{ﬁ&%&% Coer ihore
fransm’ssi on ers, optica anpl ITrers, ansm
functiangldg3tribeRics ibédipPerBhaad by tndldi®nt 08 h&noaSdevidts 100. In one

networ k devices 110 nmay perfaqorm.one or nore functi.qgns
implegegi@tphantvarrk deyings b ra?%éﬁlmﬁhﬁétl fdrang eatig ap@{ifiet o0 may
form QBXVEE/P béIS%Q neﬂv&/[brk.’ rhem%ﬁ"g t $AYE %‘é %ﬂworﬁ eétxvofd(otﬂﬁ‘v P{b@eﬁnentatlons,

110, transnission fibBers optical anplitier
netwoilbOeviegs 1fl Or tmare DAL ﬂiimsemm en&\optlmal amp]l@dfr I50tmay form other types of

. t e- based ne rk, etc. t her nentat ons,

otice B R c B Tesore penrk Saien 11 PBed 6 Qubel SRgirier 150 may be
omitt@PrdiA Abtv@FR1 06, 't%séﬁ%r TRY nfaQcBhRIORS a fr¥R&RssRn end of an optical

opti cal - based ‘networ ks. Furfhernore, network devices
transnliggom sicktann (ﬁogat fremmissipl fiier dA0)1 50d resyivbiel Bhey eehneetdma receive

transmtt ne gt to a

end of s Bl BRI S B PP SRR 320bn Syt em

(. GEachlofrABSVErs 8bvdtes 1106RaylihBlude @AskaltRGESey @videBSudhay a gateway, a
connect to a receive end of the optical transm ssion

routers § Wit edirgwalltnangeikgdsicehcd sasd (NK209 huteadnidge. arownpwver, an
op‘uca‘ij aYd- al%it it %/)f&é(r @KI?MS or‘;&ogl\%toﬁétrn[fﬂ%ﬁf%evﬁg ma? ﬁrocé&é&band/or

transfétetd\mr Kn bné¢ exdnglde caelt dft(e”t\“vﬁi)k degidasiid] 0 ﬂlap bk dg@,bleﬁoﬂﬁ’smhyshmg a
server,. an optical add- dro ngltlplexer
21

channglthat ojtically eqrp@upicatge %I@lattlﬁ ciyYER sauws %%90&120 and channel

mopé?ha gf ers data. In one exanple, each of network
evices 110 may be capabl e of establishing a channe
t hat Clogminglcaaild| pprici@mumyi inaluds a [pnftcblnamnat‘tdfs I‘[B@ka&hwce 110 to add one

channel ad ort 120 and chan
or mog AR meleh BB S e e e taienal o Lot gy g velongth
WDNpﬁgmy Ianaiﬁowrﬁﬁnﬁﬂé}ﬁfw A1 0B eraREmABHE f%ﬁ/pioengt h

channels to an existing optical signal (e.g.

exi S(thmgelrd]pp potidye n@ygncﬁude a port that enables network deV1ce 110 to de-

multiplex optical signals on a channel, and/or to provide the de-multiplexed optical signals to

receiver 180.



10

15

20

25

30

WDM signal ), and to transmt optical signals to
transm ssion fiber 140. Channel drop port 130 may
wo pbdaet port that enabl es network devi ce 11BCT/US2068/084516
mul ti plex optical signals on a channel, and/or to
provide the de-multiplexed optical signals to receiver
180. Era R ahindrhiB6MTideds Q80 hiaReh Suddd comictidiC b 8@plmg, a link, or other
~_connection, a coupling, a link, or other simlar_
similagasisharismblyvhigh emicabtigredy, Waiighnaps be odtiedbyraye gptical component,

oy S35 B SRS ETRARhr PS5BS s 4

may pefrai a8iwesk devitdsbidnso dflcalig\cop@iiiidataeitivoidh drat| SeBmdsl Permit
. to optically communi cate with each other, and may o

opticahgigntlp (PR renemidsdbrarson retwerk dexitshil 14 ecOmsisalle gpmmunicating
doviehTRAPA rEEKLERD b Mlogtly RinhEded o GRTHURCL A B OREHARR by
internadaithepticahcbmponchis os dpacat ed by i nternedi ate opti cal

components of..devices.. Qptical .anplifier.150 ma . .

i ncl ‘deféea alagﬁﬁ%rel Oragy la%_fi? 3 3@@0%%@?1%%?8_ % Ogﬂgil signal directly,
witho 0BG LkiYg thM SN siGRNURS b BYcilE ARfal CA on%'eglﬁ‘ﬁble', HtRal amplifier

an electrical signal. In one exanple, optica o
150 maprphdlfideey gaif Orediayn that tandes ampjiicationeof amintéraingewtisdsignal.
anpl ,.fication of .an jncom optical. signal .. .
ConreiTEpiegtor finf gy Rl ¢ eonE OB shefMpling link or other
simila® @tbeharign b WHidKtrar®i@drNg0 nsdydonahulTesd dhseachyer Who c h
transmtter 170 may conmmuni cate with receiver 180. ,
Tr anEwngmiger 1720maninciudelatsrics capableef gsapatingopical pulses with two
I I PuL. e .
e GRS SALTP AL B RALEATHE MO L FOUE 7, Bt 140, vi
channktl @lisiors K00 IFul thbiedetdihQyf travisraitieh am pedvidetbbgdew tin datdhection with Figs.
Further details of transmtter are provided below in
3,5, 3@gfnection with Figs. 3, 5, and 6 Receiver 180 may
i ncl . i . i . . .
e R AR o R A B B ARE P ASML AR rival imes
of theitwe ©pticai pulseg ahdiurwhswmgomehametiesplaalsihoomdtar dispersion for an optical
optical fiber based.syste e.g.,.tranpsm ssion fiber
fiber (e Sk L ereromorinay s A0h Afisciatt DTy FHIgH e Eget o frequency
differ&ick e @B &R0 FefudnlRs biMhelopBEHPAGEE In@mayR81cAREd £Allative group delay
~__pulses, and may calculate a relative group del ay '
differefick oetvensn hebatompsicalt thdses wB copydrd &0 npayl adsoscal Réate i figst order residual

180 .may al so cal.culate a.first order..residua :
chronif? RRFrRr R BTG By in G ERUrpERLT Y lre rmgypney difference,
and n@@ |dﬁ?bla§1'i thé edlensed Pyst bheer késeidpatymeiid digpanion. Fafkkbrieils of

~display the calculated first order residual chromatic
receivgr spbarsipsavidedholovein engetion with Figedi ver 180 are

pr ovj i ' i ' 4 t . .

Fr v ieh o Yphar SAPAREL A0 gt el Wbyl VoL BHe devieos, in
other feplamaitaticisy iraesittéml 70tdne redeivel @8 niag b @BMbined within a single

.transmitter 170 and receiver 180 may be conbi ned
devicyi t hin a single device. Although Fig. 1 shows

exe RIS hFRENORGRE Sxah IQ? Mrg?néﬁ)tg of h@[wgglb £00, in other

i mpl enentat i ons, netmor% 00 y contalin fewer,
implethiehfagoen hetwork dddimay ooiathindowpo deferentf draadditional components than

depicted in Fig. 1.

Fig. 2 is an exemplary diagram of a device 200 that may correspond to network
devices 110, transmitter 170, and/or receiver 180. As illustrated, device 200 may include a bus
210, processing logic 220, a main memory 230, a read-only memory (ROM) 240, a storage

device 250, an input device 260, an output device 270, and/or a communication interface 280.

4-



10

15

20

25

30

depicted in Fig. 1. Fig. 2 is an exenplary diagram of
a device 200 that may correspond to network devices

wai®ontnensmtter 170, and/or receiver 180. ASPCT/US2008/084516
illustrated, device 200 may i nclude a bus 210,
processing logic 220, a main nenory 230, a read-only

Bus 208 iRk Ynd1IRM padH Ehat perblifcdafmERMSR ariolg tiRtdnidMbnts of device 200.

devi ce 260, an output device 270, and/or a
conmiiaFeainE desi¢ AZQ ks cecleBo: [BaecsSApmiRIgPIoAsSerd er ethpratype of

ol B RGN, 58 S SRR, SRIPRRERS? 25 my ntce

randop¥ RCES $IWmorki(R AMY CASHOT typobf dyiaetic biype dbvipt dme sty Ripre

) logic that may interpret and execute .instructions. )

informasjon and istycay fapg e i RIePracessing dogiaée® s Ofb At (pay include a

ROM (R oP In AR oflsYRE sBfra YRR Gt A ‘ﬁﬁoﬁll?eﬁfon and/or
may store information and instructions for execution

instrubtyong fecess diypgodesgng log220RAW1A40 devage 2 50chay smchudR@ivhagnetic and/or

. device or another. type of stafic storage device that
Opnaﬁﬁ 0 1%%€m§WH}?@‘Fﬁ%gFﬂ§PﬁWﬁ Rd7 or instructions for
use R%uiIQREDB0 Rehy iﬁag§e Q%Qcha_%tis%:i 8REpIaNIsGR 0P tdFRY input

' include a magneti ¢ and/or optical recording nediumand
informdtwndo dewspdiftlisugh adra kaybodrd pumodssy i pen,260ichaphohe oloigdeccognition

nmechanismthat permts an.o ator.tp Jinput .
and/ogalﬂ.[agllg Qtrp%cﬁ?a{ngma,e%f C@u&)@t&?ﬁﬁ%ﬁ O&ga%mlg B 1 .ép%,hargsm that outputs
infornERibS Qe the dPRMtorRindlu@inPh@Flay WOpriifer! £ GRAREL BeN (ARG @ ication
. bi ometric mechani sns, etc. CQutput device 270 may
interfgag 280 deayanefedhami sensediver-ldgtpenhgnismitbateaahlondgvice 18 to
rator. in .0 i.spl ay, i nt.e
comnfBELR I oh LA Bo LSRR FoBe Rl Moy Ry RGN Shrorfuce 280
may ihdladsiethaaisnsifisecomia @ity witdinginallceigse devisten 2AQ fedwork, such
communi cate with other devices and/or systens. For
asndéﬁﬁﬁﬁﬁk, communi cation interface 280 may include
mec h@@ﬂecs_@ﬁb&pﬁer@iﬁ, <SR! fotﬂmacgﬁgilﬂ%%eﬁﬁ}fhscﬁ &ponse to
systemvia a network, such network 100. As
procesherclogis@d0kec@iting saitwicen2Otiomsycopeifadrimacentpaten-readable medium,
oper.ati ons ipn response to processing | qgi¢ .22 .
such 45T HPTE P vidr @ TIPHE e GriR R P iR as @ physical or
logica¥ RI¥RIH-E Bevi6adAR! &R HRru@AD RS bEREAY ITRTRAM mdfbry 230 from
conputer-readabl e nedi um may be defined as a physical
anothgrconpgiaratadableongdiduyiuch as Tegs gt viga R 20,ion stomyatotin gevice via

na e read | in nory. 230 from anqgt her
commiiiealid (i fach k0. T ST Wbt eD T A8 Wiinsmemgy 230 may
cause ?Eocfeés@rfg RERIITOMo HeMbme proksssePMaTtIMb Gt @R, ANtRafia€l§, hardwired
. 280. The software instructions contained in main
circuify mswibeased neplaceafos ippapisaiaigvith seievae mstrycirnsite implement
proce&reg') 8@&%?86% Ige?ec‘iﬁr 'Tlﬂﬁg ilgLSfe%{eﬂfati'g‘M &%s@ﬁﬁédvt%ré(in a aﬂoq\{\ﬂn{i?eg to any
circul'try may be used i n place of or in conbination
specifid ¢dintgadtionafdatdnaire cieduitonsnd @fiwgpé.ement processes
descrj bed herein. Thus, inplenentatiqgns describe

her et ihope Mgt shows caemplaryasamrogerts of €ciemtfithit 918fF of
implefﬁ%ﬁg{’\‘?ﬁs? d&HECH ﬁlX}(/ @&Qaiﬁgg&/&?ﬁﬁferéﬂ ,td}%Hgl 'ogértlg:on%oﬁgﬁy\ﬁlan

exenpl ary conponents of devi ce 200} I n ot
depictierpd Eiget &t stdhesthedeplaecr2@8®nrponcoomiceae porhparents of device 200 may
perforcrjril glﬁeeorren%fe 0 relr ?egs Is Eiés%plgéd gs%@r?gnpeeq o?’mteg %}r,l one or more other components
of device 200.
Fig. 3 depicts exemplary components of transmitter 170. As illustrated, transmitter
170 may include a tunable dual-frequency light source 300, a driver 310, and an optical

modulator 320.
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depicted in Fig. 2. In still other inplenentations,
one or nore conponents of device 200 nay perform one
W@ro0sTH6t her tasks descri bed as bei ng perf or P&€UR2008/084516

one or nore other conponents of device 200. Fig. 3
depi cts exenplary conponents of transmtter 170. As
| 1| uldaBlc@fhal-freQRBEY bR sokto 30@i’na|yr1ﬁélti&’eea Risérsoark Se .g., a gas laser,
dual - frequency light source 300, driver 310

a chergigel lesdr, adauleser.or meROVIRMddsks adighqi Sfateéq%ﬁémgﬁmlpwctor laser, other

types ?59 férseqrg e%co )0%15% c%[Fa%}l ucgt:%e’%ellgﬁﬁ§ 8079[131!16?5’ Wé\ge \X? S‘Q}g:%gsrlgnals at two

frequén@ﬁe@ I(e g avﬁﬂhiﬂ ﬁcl&hﬁél&)ehﬁé‘eﬁmetvaorkelﬁin@émﬂllﬂ)t QandbAsS éiial-frequency light
ot her types of lasers, etc.) that is caPabIe of

sourcqdMbmay aﬁiﬂgstc% fnerthe (o @rﬁwne@v\)ﬁsseﬁ@teéém hothg (aY sigaplspqhat 2

variet| BEATALES ph S seleb S oy FAETEP L YEPUREIAGY gy souree

300. ﬂfm;abmiqluﬂ-tfrequeﬂcy ﬂnght sfwrdev%)Ofrnagqmem theewptiasd potseatoefiequichdics that are
| t he CNVSI%Halséﬁr at a varle of fre %, i es may be
ess thagy Fafrerier: & Tf;f“{%iﬁ% Eehfdlontip q% i ght

frequERYAES RIS OIUE@II@IIaﬁfI‘g(&{éhC}t ) CGURILY dihd1 FRlquSRY 1 it ﬁﬁ)ce 300 may be
may tune the optical pulses to frequencies That ar

capableecsfstumlhgﬁle wntrgrfeauencytthany DAVBhapinenelde st ¢o afcmeqlueﬁa:l?WDM
h ngg , a nom nal channel frequency/wavel ength or
channgily nt 1 g frequency"). Tunabl e dual -frequency |i ght

sourpgve3q0 iRy Repd @R@Hletﬁ}' cﬂ'folp&ﬂdﬂh@ GefitRcikeBAd @karicty of power
frequency to any channe ., to a center of a

leVGISEEVWnéngmg@ppcalma(pd}@togj_@ r}gyan@ @mpl@megta@gmﬂd@fvyr 3F0 may produce a
stable]%glrﬁ géodﬁr%}r 111({18 %Sﬁ]e%t ? §1§ﬁgld[h% lﬁ{é{ l%er ﬁ%ggg dxlpxg)e\’\@gtlcalel%géhﬁator 320.

I npl @pivat abdolator GQO viery idd0damyteecoid watdclaa Sigakll@natlded element
accurate radi o frequency. signal that nay be used to

may b&ﬂs%todﬁ?qh}:lgp ko e ighpto SOPEREANCIHH mrgppﬁca@g@s%);n one
1mplehrrf§§ﬂag 108 \h&fud 5‘r Wy rﬁ%r %Ac?%cg R t?tﬁe?'btlé E%e{ltq%qglélﬁcg?%é source

ed to no ulate eam o
300 awdier dlivenﬁﬂ@zta)mleﬂm ojpichbpdses|330.00ueh ihmahg ddfrattifiequencies (e.g.,

...optical, nodul ator 320 ma ract th nabl e
withiyf SRR nepr ok coxtony L1005 ShREH iy 334 Y oS ppvided to channcl
add p&@ Ne6 8t tRBE ERbcePU S %n@cﬁ@ llg%ﬁrcg @(’)O A thfld‘a@ﬁl%ﬂﬁlator 320 may
frequencies (e.g., within a channel between network

gener@te Wwe epticel lelsescqmmukmeomly ged/oB80h gdypone tmeod/lffd@ﬂca @©-g., so that
rk deV|§%(110 Tun

recelvef gﬂ?mg% meg%lﬁr% 6‘61V§ﬁ%m8%‘{vﬂg A %%E‘L%r%\et c%wxgacyr?a;n one 1rnplernentat10n,

each cﬁ’&lﬂ@élﬁtcﬁl pms?@hmeh leﬂhrﬁafbﬁe Glampcl @ o lishtysoafd/ 300 antl bptical
a known tine fference (e.g., so that receiver 180

moduleggy 338 aayriaclyde p palse widtp @f abauh oge AnpCqvag aaed agise time of about one-

hun&@&?ﬁ%&%%ﬂ In one inplenmentation, each of the optica
put ses generated by tunabl e dual -frequency |ight

sourieetiZ Omplehcantivag tumbtudvat-eqEA0y tiaht otk B0e aad optical
I h of f
modugtlgggs 5 %}ﬁ?ﬁgqag‘gg&%fgwo $ e]6n e ?Seg Ceo gg ﬁg?edthgn {vlvos)e eatclhqlng%g a

dlfferém}egﬂﬁ{&ggﬁtg%% chh 2% gorn%l@ kd niggﬂlggﬂg%/ caa{ng&%fﬁgférfﬁt This may
cnablopighcairdputsdsl @bl:ogla,tlc risperstdnaaltent) be Hﬁm‘imrdzthhascrgomlower order
residual chromatic dispersion values. Further details of tunable dual-frequency light source 300
are provided below in connection with Figs. 5 and 6.

Although Fig. 3 shows exemplary components of transmitter 170, in other

implementations, transmitter 170 may contain fewer, different, or additional components than

depicted in Fig. 3. In still other implementations, one or more components of transmitter 170
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different frequency, within a channel as long as the
frequenci es can be accurately set. This may enabl e
woe@her91es der resi dual chromatic di spersion vaPCEES1008/084516
be measured based on | ower order residual chromatic
di spersion values. Further details of tunable
may peHetm bhe BH@BEYothérdhdks F0sbi®ed 3@9@1@% Eetﬁfrﬁiéki%@%n@ Rk 8Wrd Bther
connection with Figs. 5 and 6 ough Fig. 3 shows
compencatisidrapsmiepdiént s of transmitter 170, in other
i mplene n 7 ai .
T NGRS S T B TR GRS Ut sciver
may 1Ect1@de ah intonfesdrhétbr 4000 eptidahplodeentoat ireidual clitematic diBp&sion
omponents of transmitter 170may perform one or nore
Caku%?ﬁégaﬁﬁékﬁad@@@?@ﬁ%@3%g)belng performed by one or
fic b
11 R GQRRIRE Mol T ABRTRIbfhic Ehm by fulop e 2
devicé With sttraaseaent peceivith twa 8l avtyg Bu’rﬁdcasj(a damice with two flat, parallel
. _interfero ter ﬁ§_ tlcal i odes 410, resi dua
MIrrorsya A WItY; \g(bép 15{06%})&1 &elr‘l%cav Ides facing cach other and being
spacedi Qfd?sﬁefn%g 8qkt % edcﬁtn%%?'é QAL ELSF cﬁ%tﬁf@)feté 5‘%'&“% oﬂe implementation,
Fabry- Perot interferoneter, an etalon (e.qg. devi ce
interferbnktea 400 s pateemomlcdtmﬂm BBO o, freshichenrich grogmoﬁald@s, may

separdlp BRveal Bu e oty e B, rdVidd iR &S ftorent

waveltA@h® @FBRnOSSLf aRdchei0g spaced a di st ance equal to
each mirror's radius of curvature, etc.), etc. In one

i pl EEashref aptienh diadas &14 mpyp inslusie, ﬁJ@@Xfrm@/le; eplhatedetastari(edl, a positive
1nt1r1nﬁ&I hg% altvg %QINS) cgﬁe a u{l\%mngggﬁﬂﬁl)de%c%e}l (%%Ht) a?n%gc)g 3§ ﬂn@go-multlpher tube

(PMTp)r@MIchi acto s d:dharbrt r@phsﬂ puBts witd élecrtﬁaztl pwwesel Elrtgiehﬁlpte(ﬂlentatlon one
di fferent ones. of diodes 410. Each of optical diod

opticah depdady 0 mey|rersive & Bist eRtigahPuse & afist iseicact %?m(l%t%ferongeter 400,
and th%ﬁ%ﬁeté' f{céa{é [d%c{de 3 g(ﬁ;aglqg@%é/le(\; f se{é:gfl(ﬁ%}t)t?dagﬁl]ﬁtse a@(rhl %?&%da%éédﬁ%ncy from
1nterfe{r9M€De) 40 thl&la:lt dodas 436 mne@’_rctonwem ﬂmabcemddsmﬂcalm@es into

el ectri ul.se one | tation, one
corresgpifiat BfFaiehl P FERe robray propdFe Bpeledice Sl Mo Bp dagmatic
dmpmgﬁ@quﬁggMKMan1lnterferoneter 400, and the other

optical diode 410 may receive a second optical pul se

at aR®ecb1@h@hrbme‘q¢J dispgrsibn gatcitlatos |4f2@ reyendndegy. hagpyire ahd/or

di ode convert, th ej opti cal se .
softwfl BSR I0HE B iR Bleblobie 2obr 6] RIS REERE! LYo hyfaggresidual
chrontafig d&lpesioni (6. gl alNocBeS! With ﬁﬁ%ﬂ&@éwé‘e’@ ﬂ@(l&%dn@mﬁbsfbﬁ&lb%tmo etc.).

cal cul ator 420. Residual chronmatic dlsperS|on

In onq;m;&gpgtt@ﬁomqulqm&,chrﬁ@pw@smﬁyoh stlaylatos 430 ayagrecetive the electrical

pulsess(% %%ﬁﬁh? Ang gn(l Qe%glgd frgql%n me%%%l%h d&%%ltlg%l%%&? tstéllljé‘tand may

I'es recelver 0] ca e resi rona

calculdicepfesdmicnty di€fe@nce RSS! chlﬁﬁemihcwﬂ the Retwehigh @€ Hed gt ﬂh:hﬂmakes up
transn1SS|on fibers 140, etc.). In one |npleqﬁ%tat|

cach qpéisplanpdie) &thsiq %ewegaéwgliwéh iy eé&@ﬁ‘@o?“ﬂi%l gmatic dispersion
calculhfor QQ(Y ﬁ% &lecﬁfa%c& fré(?lf%h nﬁ&ﬁf% % Bhad ﬁtsvg t&@lc%ﬂ Sﬁas@({]ﬁjetwork

second equency I n tion rom opt d|o es 410,
(e.g., alﬁtdqmmlyy ddfarercatod twerfty éﬂ{zem@ypmbldﬁtﬁeea Brg@rdnacny upcaatainty due to
tmmngjﬁtt abo{rf" Eve psl/r?rng h§1nce 1n?erfe? etelp O()t ehn%ullels g?}eq{lgnacgl dnﬁerence of about
0.1 GHz, an uncertainty due to frequency difference error may be negligible. Although not
shown in Fig. 4, residual chromatic dispersion calculator 420 and/or receiver 180 may include
one or more mechanisms (e.g., a frequency counter) for measuring frequencies of the two

frequency signals. In other implementations, frequency information may be measured by
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each optical pulse) for the two frequency signals. For
exanpl e, residual chromatic dispersion cal culator 420
woreap0zd1681l ate a frequency difference that fitBCHUS2008/084516

typi cal DWDM based network (e.g., a frequency

di fference of twenty GHz nay produce a neasurenent
transrhiRte €T 108(e T}t Wviehig f&%le&lbm&gn&f) ARty el tYsPsttdABerosStrafdnission

interferometer 400 ensures a frequency difference of
fiber 9dare@iver &89, an uncertalnty due to frequency

d' f ?ﬁ(s%‘uﬁl?cl% ﬁlgéc %ﬁerglgnra ]t%ula%' qg& nd |Céﬁgcgﬁhc%?at{V%%9% delay
differé&ib@ (agdhoan sl fiedr, th8Gransytiing eéqmded @srepoitalipoker, traveling at a

mechani sms ( ., a frequency counter) for_ neasuring
glvenm%i&wegﬁewegd@ql%« FRtraeh 2 gheg devipe siog Hig teo frequepgyesignals, and may
calculhf@y HIES AL Ileﬁﬂl?la; 65{0%%4&%%6{8?511066 ta!s?cﬁld@cy whE n@@\%)sdy B&ces 1 10,

ytransmitter ‘equency count er
nanmmmﬂomﬁbmbé4®ﬁﬁm;hydMHﬂn@ﬂmmBEuhkﬁMEhmssgMMpﬂbhywﬁﬁﬁawebyﬂm

to . receiver Res chromatic dis i on
caleulated fpayensy dasz‘%fe %%ﬁa a]I il pemafic %ﬁ%ﬁf#% Q@S?@a@r & myy provide the
calculgieﬁffﬁgt%&& rés@dtgil chibfhafll dféﬁ&’sﬁ)ﬁlto i @kterrhdiessor ansi t
tine required for optical power, traveling at a given
modeUser grtotdigceviBlondyt ipelutoa grephishl eeyinpafacd(Gtanue) nofnegraphical

t f
user iyt Sucbie A e SRS BREo TR GoligeitiPlmotion v
users (.¢ Na Q% WPFdecitten ] 908 Sialal Qistdnhidb it Ric® (t.&.1 HPFopridAby interface)
etc.) by dividing the cal cul ated rel ative group del a

and/ogptherey percad intpriages (&l é@rWS@&bﬂwéqméff@gﬁ)dWﬁem@hf@@e 430 may
recelﬁ%iér.qg@h% ﬁgroglg}%téu ? %Bf&e%%eg (gecg érﬁl‘ﬁ'}lgé& ce "%%Q) user

conﬁgijreﬂﬂe (5. 0Nuded nagehangiithe fiae of ¥s3Ointddfre 480tlﬁfd‘r@1@&oxﬂ81@played in
i ncl ude a graphical user interface (GQUJ) or a
user l%ﬁa@rﬁéamlaq SBFs yss by ugetanterlgen ks pasitigneteffgd elgnages, icons,

wmddv?‘st @trcf ?I‘Pﬁs(er W& Face 286! 85 &ndR0 n{ﬁ?%opfig%%eg \‘é/‘lo%ﬁgéﬁ’éﬂfét U9 interface

g., a user of recel
430 nragsbb mimptaefdd tand esclr acasot(emr gnqre aupoogavies &¢.y., dupetr devce)270). In one

and/ ar ot her type i nterfaces
implefiRgiiaen. Mo ai iRy 236 meRjocc s e P ies® st prsigual chromatic
dlspelrsf:‘o%%dfﬁ rddfRA1 HOMESC él'l:sslgerﬁﬂﬁ cﬂEul%‘f 220 %Htmd%ed{élﬁ%sthe calculated

(e.g., input device ), be user confi gurabl
ﬁmtoa@rqmumaldyenwh®¢EEMEmge the S|ze of user |nterface

430, i hf ormat i on nterface

col o e afrRblling FHHEF ot e LN A8y Pipurg prove
delaysd 6Xwvo sliIFREE SopataE$pticll RS ofeEto, obitdin UB 8Eculrdtt edlhtateroup delay

430, etc.), and/or may not be user configurable. User

differgnegef seruragzoonveptionsl HissdTvises dequare acanane, whicharedusies group delay
ﬂuctu?@n(_;pt} 18%%%? gritetge%}{ﬁl%%§ 466 H%g cnQi P %]é)g &Y §1§&13\Z/9ﬁ acnltuﬁatg [Pr%quency

I on, user | ace may-recei ve

differelctlcakadon ind Shuttitkens ieasuteratnte R edsitar d 80 s ailsei peoivide accurate
fromresidual chromatic dispersion cal cul ator 420, and
residugpghremali digperhign EXFRUPRERGV Y PRESTBIRY UICERH B % thah five

ps/nmC WhRBL h{bréjﬂl%f? @ﬁﬁfci%ﬂ forthedh lﬁflrf?er n(;?;%f{? Bhd BRY. g&flg@d &/s s) signals.

feceiver 180 to S|nu t aneous ure’ group ys o
In conttrast, sbnivghtional sspdavatesdraiptipable povidiag aceuratedesiditab chromatic

ain an accyrate relative group delay differe
dispergBip s TRy Rt Tomarol Sau oyt ba, Pl PatBLa R Ry hannel.
whi iR RHUGe s &6% Rx&lgpiady donyfohnbiak i 'onbcbi%IU% in other
Interferoneter O may ensure receipt of S|gnals Wi th
implementationse refcpyefqu ééﬁblylay contain fewer, different, or additional components than
depicted in Fig. 4. In still other implementations, one or more components of receiver 180 may

perform one or more other tasks described as being performed by one or more other components
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di fference cal cul ati on and si nul t aneous neasur enents.
Recei ver 180 may al so provi de accurate residua
W@ bronetisge di spersi on nmeasurement with an est i PEI/ES2008/084516

uncertainty of less than five ps/nm which is nore

than sufficient for high bit rate (e.g., forty and
of recORer BoNdred G s) signals. In contrast, conventiona

test devices are incapable providing accurate residua

chr dfieit § derdets pegreplary aemwonemehiugatile dug- fmuyncwwhlt source 300 of
s EEARCATG YRR BRI B BRI byt

sourcd 860 mby uwlthﬁra lighp h(ﬁﬁ‘&ni(ﬂl, labiyghly f&h@tlﬁ@hlrﬂc&(} Oﬁpa/gam medium 510,
contain fewer, different, or additional onen

an 1nt@1ﬁegﬁm§‘@b§%Q éldupqpblq:ﬁger 5450 [CCISE §qt}1ragl(er?é)|sorbe 40, an output coupler
onents of receiver
530.4 f%%hﬁgﬁﬂgg%¥g?%%%ﬁg€%?ﬁtﬂ?g%gf er tasks described as
bei nigightesoluouert® nbay iocledoonamreomtloser smmcqsc(a gntas laser, a chemical
rece ver 180. Fi 5 depicts e nts of

I
laser, p GG 56! At R YA Yaligrat %Eﬁﬁ? aa ’606 thrjtﬁgﬁﬂtteé types of
lasers 1@[9) ?rPat: ere(t‘aﬁegolé 8f ShRrdinp cehmRbLat Wale %GGW ) bbtl&ﬁ 51"gﬁ£l§ g two

tunabl e dual -frequency I'i ght source i nCl ude a
frequdnicight Leghtis@ec Q) may he gsbyiated fwithcan apgicad mo@brlatSf)elot shown) that

in [ 0, ,.an inter tunabl e
may et € 0 AP i 1R dolieE Sh i ORREGPRET rufter “a out put
couphHghl ﬂectﬂfebﬁ’l@m S04 idaly @iicl&RQinyahigror v \@k @R etoe highly
Iocker 70. ht source 500 ma |nclude one or nore

reflectiysers. sr@grredb@ Vo geflectveyapyripepsefor exapienbaghly reflpstive mirror 505

may n%{ﬁdé a@agfeb nq%to?l a IYI%R?I 1111 r a 1a§er C%L’ tg nﬁrtrgﬁt %‘%c Zﬁigﬁlﬁ g?ﬂective

m con aser ers,

rmrroﬁs(ls mayaMeet lqtght gep. emabpt[tgl Qgﬁﬁlloﬂ p@llss) gmavmdd@ﬁhghp‘sét@aé 500 to
Si nals at two frequencies. Light source 500 nay be
gain medigriSdPed with an optical nodul ator (not shown) that

may. @éi}t%gegﬁlﬂﬁ SMagg{@lu(ier e? tehghﬁlats&lﬂﬁﬁﬁ ogggal Qi;l“(re%%tg‘ﬁin

optica ses y reflective mrror
generatod by ditmalkatedrantission ov ¢lbctommée ar modecdahirgisitions 6f & Botdr eeergy state,

.(e.qg., ,mgre than 99% reflec e) surfaces. . Faqr
sarting s TENET R PERIROTTIOY Y P TEOGO R S HPgel Epr cxampl,
gain RARLRGID 'n?dyr{hélﬁ@é a cistdl ABicHR @ J. b dyrﬁm'n@%zﬁérb(ﬁﬁﬂ' dr)érblurn) a
mrror, etC. Hghly'reflective mrror may ref |

glass tnna@mal e ,gsﬂlcatﬁmrqqdﬂpspime Qa@nﬁl a gzrsepltﬂ rg@t\;rlgle(ngr, emletilrcts;pf helium
ht sour

and g B b ne s r AR AR G i cel G i A hivide, e,

ctc. (in Ehediu@db 10 @eP edcatve Ghdyptihl Filiedtreflbces ‘t%lshlglﬁly%ﬂected mirror 505,
el ectronic or nolecular transitions to a | ower ener

and may grevidesendicel grans fop cppHry atsce ngpigymedivme 19 énamreﬁ%f: the optical
pubmﬂ%gmgﬁgngkg%'QUS|y stimul ated). For exanple, gain
nmedal um

may include a crystal material (e.g.,
neodyrsrigrmyttit ﬁ()hhwnncml‘de (arfbbtw?eroﬁlng:lr&&&nﬁ&t eﬁ bﬁlon (e.g.,a

. (e.g., silicat hosphat e gl asses a. gas
devwwtg i EMSRAESTY p?at gawe §ef?ﬁ°tlﬁ% ﬁlirfﬂf% AdleMiss vt Wprft?é»éwraﬂel
mirrofs! & ddvicdwitf var 91%}%91951%1% &ith %e‘)u( c%rngave sgféslfééfﬁ%each other and being

af seni de, mnitri etc um 5
spacedraylistace lequal tdheacomhiroals rqxiilﬂlscefésuneiftﬁre,oettebi ey Iniogh Ieyarnple

. reflec mrror 505, an rovide o t|
intertye (i, OB GHe UG LR Ea B NSOy | priger Herate he
optical BEIs@PbY & elength (c.g., by two frequencies), and may provide optical pulses of
different frequencies to tunable filter 530.

Tunable filter 530 may include any device capable of optically tuning optical signals.

In one implementation, tunable filter 530 may include an optical filter that selectively transmits
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pul ses to interferoneter 520. Interferoneter 520 may

i nclude a Fabry-Perot interferoneter, an etalon (e.g.,
wa2aenTaes with a transparent plate with two r ePCBEUS1008/084516

surfaces, a device with two flat, parallel mrrors, a

device with two spherical mrrors with their concave

ormméwgﬁ§gﬁ%@wﬁgc@%ﬁﬂpﬂﬁﬁﬁkm%@g Q%hﬂﬁuﬁpﬁ%ggoﬁwﬁbéé &, while
equal to each mrror's radi us of curvature, etc.

block@géhe Temagiisr @f(télmbllgbt Hqiiteé@fflélleom{ﬂé? filip0S Hemay exseive he optical
pulse% Yﬁh ?\9(% k‘r%(illwne%l %r%%n ]6156?%%% tgrn h r:I'cmng}]f 911118%%/ V‘;gt?cg%lﬂge% toa
partlcﬁlraﬁéﬂtiﬁhﬁéll eg),a oaaﬂldlraytw&emnetd@rlo@ém@all 1pul Blﬁ&bm:fﬁlter 530 may
different frequencies to tunable filter 530, Tunable
providq the 8pned 9ptigl pulspit i il v frpaeragics & wapas paiuighleAbeeroa] 349-
tuni
{11t S BE R CHABRLE 540 Ruf AR AR HEM oteHOERLR:
absorgteinandiswsettiont Ingestiah der groeckstete absarptidn drasd segti@e mtharenincreasing

on ind P B SR ok B0 N9l e 0L dorber 40
may rg&@&mhg turleld %?{%a@ Pfﬂs& ﬁﬁmﬁﬁ‘&bl@ﬁlté’r@@@' Mfel rhg‘;ﬁmgﬁlttdlﬁ‘ @ﬁ oscillation of
pul ses wth requenci es frominterferomneter
the tummlomwl pulmae Risecropsdturable phsabe 340 neaypaovide rgh@tnned Optlcal pulses to
; ‘%tﬁ‘ E Sé a channel between network devices 110).
OUPUELHIRIT P | ter 530 may provi de the tuned opti cal

pul s@stpwd (Id‘ﬂlBIeW@S(ﬁ hRGURNGdam dpichleieiceehd @bl%ﬂé’@tlw% optical signals
absor ber 54 Rever se sat urabl e absor ber

into ajspglaeiepy bt eForaxamplch O@tnu@@@lpkéé%myéec‘@b@dumdu qpiical pulses

from eV ARE SaﬁledB{e. a%rslogb%%r aﬁ(hl%g E&?pl@&o ém&ﬁé e%tlr?e;as %ﬁl?&llp?ﬁ]ses into a
Cr 0SS secti on, eré i ncreasing I neci

singlel file@NOutpyt el @SSO Sndynodilds drerttmarbptﬁ@lrplﬁsea Pb&m sphtter 560.
reverse saturabl e absorber 540 may. receive the tu

ed
opt i Beam phitise304 mamw?&tﬂné)pﬁlmﬂtd@ws Bt sple 2 haym of light in two.
Beamgg{}fgérr?gﬁ é%{}ul‘r%g%}fée {hgttt)%%rab gftlc&lzagllstey RS Ol Vllglg%ﬁh%lgluéﬁ)eﬁlad may split
the tungat opemhl puldes ésto tﬁnstcbuﬂqupUcaiqmllses 5 &(5611d ©adpltunedopticat pulses 590.
Beam b0yt St g it Pt S0 2 o GATPiigss With two

frequé??éf"ém@é g a Bt B uGRY P}, 8hd 5@&0{]@%6&@&1%&)’2 Bk’!zﬂﬁ%l@tﬁgr'%@lmay provide
pul ses fromreversé sati abl e absorber’540, an

Second@upﬂ@pbﬁalcpohm ¥ tohveavclength 1o1d{e|r 820. pul ses i nt o a

sin coupl & 0.

opt P WAy Las PR E i RV B i 455 e lengn
of tunBBlY¥ duflicfrstRn@NligRowat SO@VF&%Xhﬁ}@Ie sl st l&ﬁéﬂﬂ?@fma stabilize a

light in two. Beam splitter 560 Vgrecelvethetune
channébw‘ceéfmgﬁm@e%arﬂa&wwlmh esdpn W BB basgd metregrks pviavelength

lockelI ?ﬁ) ﬁlép‘%galgg tsé %ﬁh t&%&%?ﬁcdl%hﬁe{ Séosfr ) SBE@%{%%I&Eand may

secon une I Ca ses

stabﬂﬁehlvstatvelren@tﬁ(le gRYnd fitqusncy,iwisith Isliﬁ%isdbji)ptdpaftldhul tse;saVE&agth) of
I ses with two frequencies

I
tunablrae%r%lgﬁé}a%{?ipc ighfgoures é@%ﬁaaseﬂpéefa@wu ed 0@@5%% @J&ﬁeﬁ é?%fet g, via
adJustﬁ@QtS%YntQﬁQrﬁhfé r %Q@ Qﬂdj/mt t"dﬁgfle 9?[%1;1573"753,0 pul ses 590 to

wavel engt engt ker 570 may
i ncl A|kﬂ1®1@hd“eg/ ISCfélo’Wh akemp\lyryl,@emp(ments bﬁbl'nlablz elual- frequency light source

.wayel engt h of t unabl ﬂiu I-freque ource 30
300, g FABmE T e BAGI HOF G 6 68 ragrGe A i Gonain fvwer,
different, or addltlonal components than depicted in Fig. 5. In still other implementations, one
or more components of tunable dual-frequency light source 300 may perform one or more other
tasks described as being performed by one or more other components of tunable dual-frequency

light source 300.
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channel wavel ength to a standard wavel ength used in

DWDM based networ ks. Wavel ength | ocker 570 may receive
waewonis’ined optical pul ses 590 from beam spl PET/E82008/084516

560, and may stabilize a wavelength (e.g., and

frequency, which is inversely proportional to

wav efig NGl pictd Exdrplal! @nipeabnté bEAHSB1E YullLfahfucSQUIGE sdREe 300 of
based on second tuned optical pul ses 590eée.g., Vi a
gat

transngigipu5t0raenrosding tq #nosior émnpleptcatatigR.0As péls uivagiledual-frequency
- i.lter - Fi.Q.q; -
e D0 g L DRI BRI Bt g s
600-2i @ fiest beam spiittee GROLIak bewdsd btam apliteer dual2; & nagelengly 1ddkghé20, and a
source 300 may contain fewer, different, or additiona
beam eoupeift s than depicted in Fig. 5. In still other
i npl ' ) t )
ooy ST R 5 PR EATPRISIS e G002 m
includenrlescoshere {cas ks gabdser, badmis] baemg dpe idsar, arpctdyvapoeaser, a solid-

or nore .other c onents of tunabl e dyal.-freguency :
state hegt <Gy EEBgO o atie%tyassp?ftéﬁ%erse%&ﬁﬁ%ﬁ%&ﬂ%&ﬁ ghipating a CW
optica@bighsn@hlslcfbgbefi ey entond i mSRHoae AidPAindble light source 600-1
transmtter 170, according to another inplenentation.

may gAgertelaS erttisdl, signah abthe: fasbfreducaepu end yedond hinablsdighesource 600-2

may EBHBE ¢ UnSta v Pkt it aporisn e P aER de

frequéniRl). tRigst t&&@relighasoimum-bﬁﬁgg&micﬂé the firf ¥qdencd CW beam of light
wavel engt h | ocker 620, and a beam coupl er 630. Each of

to beap spditter OHEDI and|seetid tymble kgl Gouree 4002 sewyaravida thebiceond frequency
opﬁaﬁg9ﬂ§u?&%ﬁf%ﬂ@%p6ﬁyfay include a | aser source (e.g., a
gas I asefr, c

emcal |aser, a dye laser, a

met akachaf distlbas@ splidersaDi 1asidateordaseam, sphtteesmniocdmey diodide an
r, other types of |lasers, etc.) that is capab

. lase . ) , . pabl e of
opticay grdfatiphgriiceiny ppeare af lightghamst branesniigippe sy may receive the first
60011
frequérlE 8RO NI Rrofifirsl ARLARAAAR ODLI, iR frdD bl A8 firs
frequdnicy sptiéal pglsenEirst bamad sphtartd Ot lumap bmvideght fisw fireqecns Op@cal pulse

enerate a optica ignal with second .
to Wa?jﬁé@?%ﬁ&[sef(@.ogén%w pisk et SR f?%ﬂﬂ??%ye%@ﬁcg}&%e to beam
coupl&Hi @39 JebBiRl@m dplifttr SIQUF Gy 6QRHE tﬁ@yecﬁﬁ@ﬁ‘e&i@en%g %Rﬁéa‘l $hilse from
frequency CWbeamof |light to beamsplitter 610-1, and
second guwhly lighhshiree $G0ghtand ouayckipBode therrggonslrfoagugecyt dpgical pulse.

secogBERMGp i FHB EBad PR B S FRauiaT BBt Bl b fenart

lockeSEU0, b €fap bbvZdd MY dipledatidecaitl RRfuchd} ofiRYI Sifsd t8dkam coupler 630.
duplicates a beamof light. First beamsplitter 610-1

may Werdprah {agker §30smay mebyde adgvispthag alay psedte stabalpae a wavelength
i t l. | 00 ' ili
orunfl 8 HORBAS, LAt 008 5605y TRy s

chann6llWavkl¢ngyh forostardiard Wevdléngsh uded é6 DAMDW-bpded @dtwdakld. SWat elength

wavel engt h, | ocker 620, and nmay provi de the duplicate
locker; §0smay Feggiye ARLHOBHOT t%sﬁrwpé §°q08d pregns ey @ptiet Peises from first beam

sp litte?%‘f ©1%nR8EMHNE Rk tsg%'ﬁt%é()%);h, IRy nfag %%b%{%re] g%ﬁﬁ%ﬁg@ge .g., and

requency Optl ca romsec
frequeou ekech (0n2srsapn grapayticha plo watctenizthe of emebld dunlefjerprogy light source

opti cal pul.se, Second. beamsplitter .610-2 may provi de .
300 bR 0B B e L RIERGY Tt MBS PR FOTYRGEPRIgE AL (o v
adjustments to first tunable light source 600-1 and/or second tunable light source 600-2).
Beam coupler 630 may include a device that combines one or more optical signals
into a single optical signal. For example, beam coupler 630 may receive the first and second

frequency optical signals from first beam splitter 610-1 and second beam splitter 610-2, and may
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| ocker 620, and may provide the duplicate second
frequency optical pulse to beam coupl er 630.
waooeloeaigs h | ocker 620 may include a device thBCT/IiaR008/084516

used to stabilize a wavel ength of tunable

dual - frequency |ight source 300. For exanpl e,
combM@ VIR BROANY deesitEfiefidlc ical ﬁ?hdld AR GptiAPARRls 640 with two

wavel ength to a standard wavel ength used in DWM based
frequinstonde- gs a g fesyeengy iy Pk & egcoB® freggacy édei ve porti ons

of t e S

71 r ot bl A R 5 SR Bt SR TRRER Bt LB B PR A& e souree
300, ib bhre? 1m1ﬂ6ﬁheﬂﬁﬁoﬁst aluble daalafryvaratyengitBofree 00 mandontain fewer,

frequency, which is inversely proportional to
differqpi @ a8 gioRy! comnonerip fhan digaictedrie fie e yn pilhpthes i emergpigons, one
Bgﬁgﬂj i
or mo A eO%EI)}lrS Igg %qngg leg frg(g{ %gpﬁgl}t%éﬁntgg gg{) h{s ?ﬁ?gﬁﬂgn 8RE8Nore other
tasks d¢scgbed au;rt&higq)drfogdned bpuncer Iﬁﬁﬁ-olhamdﬁlpbnaﬁs:mfhdnzth]m dindl grequency
lioh [ 8ource 600- 2). Beam coupler 630 may include a
ight squifc 380+ hat conblnes one or nore optical signals into
a simgl £iIRREAEin Sicaifd éa'traﬁmer@eﬁlemktﬁ B 0108! 8patRS30f being
may receive the first and secon requency optica
genergled)aed/er fecamed by mnsbemn 1579Ia|nt140e recgver 18Chndls ébls@rtdd Ispeatral

R e PN s ERATGPPANG ADEh 8 B0, 0GR i

vertici¥ dhBnddMaxds (@ GUEMGIre S ¢€h @, “Gh h+ T, Shnd f(emﬂem Yht rrmlyalaﬁne multiple
a second frequency ). Although Flg 6 shows exe

channglstpen errvedagfoctwieraplcaverk evicee LB rcnash bat 7%aph@nsb@acmg 720,
an 1n-51{hngglrb%§8%m AL %S?Elgﬁ{ﬂ? 748 %ﬁg' eigg (Ilffgr%hlg . li ght
source nt a ewer, or additi onal

C onpRuIe Bl 1 lh)aﬁa}dﬁlpludé adotahbdnididtb asdoﬁlaﬁetil with @pzhﬁbular channel
npl enent ati opns, one . or, nor.e conponents of tunab
(g a Eﬁéllgﬁ rf agrsRisble freaymiciesdn mdichomicakbsyensds may ke Eﬁ‘?élVéﬁi in a channel).

Chanﬂ@?g cﬂ{g‘@@ %ﬁ%lqu i %pgﬁg &v&’%@% F% %‘3& F%r Sole Sgﬁégﬁ‘?ﬁmels “Ch n-

er conponents tuna
1,” “(Ih ght'Chatit @n800h nFRY). prévided bsttveat regwark doveaepll 46 yIn -channel

raI arr ram 700. capahl e of  Dbei
RN homeh N et R R e L AT
r ecerase 51%14@97406&%&1& il cder pkigsl pufRe il %ﬁéeréf&&f‘%%%cewed by
di agram 700 may i nclude a horizonta requency axis

transnfigteiy] 70/reFgiweruldy gach, of iiich mhye hanera diffatent fraqueaky bx@sa first

.. "Chon-1." "Chon " "Chn+l " and "Ch n+2') that .
frequ%?g}/'y i an%ecﬁlﬂfﬁre%‘fe@c%‘a%\ niefns 1‘?%}65““?%?8\/85}825‘8&)7@ éﬁay depict the
optical §hiMEY decsledd BeRcdikél) 1802 MefR@ndaditherchde 750 MAaAMRlde a difference

spaci ng 720, an in-channel bandw dth 730, test signals

betweyn the fdfrequeneyuend yhasiceprst sequenasp of masserdn #0710 may
| t |
charingfo @198 BRI TSREH Eh PPt AnB R Bl 700, n
other Mﬂpleﬂneﬁpﬁd)ma!;peﬁtrgrwfaﬁgﬂﬁ@ht leagiet €0 ey icontaincieant) elhfferent or

anpel cing.72 I ncl ude the spacing between
addltlalaﬂl geamnt Séﬁ%lhﬁiFéMe‘? @ %y ciﬁlmmmp@é)wmpigw o, 100 may

pr0V1d qaa\réT&lgth Bidd 1@#‘& %n)m E4AY f%??hg)(ﬁﬁt\fﬁ% tﬂ@ﬁ%\@feﬁcy -based

evi ces "110. In-channel an wi d 730 may 1 n
infornodwi dt h t hat is associated with each channel. Test

sig 740 i ncl ude opti cal | ses
gen2€ gt &g ?rereéﬁ%‘l’ X0 %%rafl}s ﬁ,epllc‘gqgg &‘%ﬁf fosbiET | &) may detect
a gro aye(ﬁﬁgreﬁée Whivedh RYoiRY B Ased! frEk@inter 176 @S NEHerate optical
e.g., a first
pulses that include a first frequency (f,,) 810 and a second frequency (7,) 820, as illustrated in
Fig. 8A. First optical pulse with a first frequency (f,,) 810 and second optical pulse with a

second frequency (f,) 820 may be generated simultancously and/or with a known time difference
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frequency f mand a second frequency ). In one

i npl ementation, test signals 740 nay depict the
W@pivozdicpul ses received by receiver 180. FreqR&nt§2008/084516

difference 750 may include a difference between the

first frequency and the second frequency of test

(c.g., §3 GBBIescivAOL80M ARG rdirflval AinSdyOWsh £KRINTIcAfcY o@ h&NBAYS The

of spectral arrangenent diagram 700, in otfhe
optical pplsesny be proviled sp ekannal addmogingérmad rmptvmrlagmm YUb mimybe
nansr 08 B e S 4 Gonu Bl AU 110181 S FFOg R hers 140

optlcaT@ﬁhpl’fﬁM IBOQ&‘ﬂcdeaﬂ&&M@} ’@eﬂ@bhv&ﬂbﬁfkcblﬂélormt i on inst ead
of or in addition to the frequencgﬂbased informatio

Fi gsAn giivahdmg Betyyesn & disueney di-a gf G ard ssond Erﬁﬂltqnmﬁ gz) 820 of the
optlcab gﬁ‘{séset%gélyﬁ{ elg?ryl 8@%%%6 ?fr %E] glrdrlﬂlt &eh G%gb%ﬂ%@% group delay

tween two tical pul ses ter
differgen@Bdat s 1thmtnatmll inpud. $8s Rdbatveignodpudidayadiffierente 830311;1@ poovide a

f 810 and_.a second frequenc
measiy pEb iyl ipreRoPtiAl Picide tra%%l(a fgﬂﬁﬁ%t%ce £h bgtween network
deviedd 1199, REGAENGY n{afymt&kgea@mdwg@%dg@%u& # ditfth&fe 830 to

a second frequency (f e generated
calcu]gtemﬂesldmé chimatigridypersion el alsmmd Wl,thraetwork devices 110,
tran ﬁﬁr &@(g so that receiver 180 may neasure
“%???% P %@th a high degree of accuracy). The
opt i £AhouRHIFES SABNI BB MoAVdxEaRhldrP cRhRARRIS cREEpIRBT diadrdfis 800, in
of network device 110, may be transmtted to channe
other gn@pmp@pmo%g@(emplwmm@&m @ay sawgaipdeyer, diffegent, or additional
i SS1.on. fi.-bex t | L flern
cleme IR o 0053 AR AEX A BER. Relarf derhido may
providieh st gth-bstd ixffemmmyns(téad@f o8 idadafiibrsteahn ffefucacyoney
(f.p) 820 of the optical pulses received by receiver
informH9nay be of fset from each other by a relative group

del gy, db {sf AT RBGGI ?5391’2151?1?} bdd Mﬁgtfag%g%omegélger 1%@ ‘may detect a group

Rel at Fve group erence may provi
delay aeé&sence fof a pattenmdqnnlsetcihain ﬂmansnﬁ‘merdﬁﬂlmzad gqnaltaﬁeespa:ttezrned optlcal

e BT S5 B BELER BT 50 588 o
pulse %ﬂh@yse%ﬂdf ﬁ&ﬁl@ﬁ@r 33920 oG dgﬂkﬁtp%ls% wigsfiduatqehe (Yaf 9 1® and

di spersion (e.g.’, fassoci at net wor k devi ces
sccongl pptieatipslse vnthfscemmdsrenaencyef;¢ 930 mayth @@gfnatﬁd gmlulaAewsbv and/or

. B show e I ar ele n s of
with 3 e inE HETRE s £ FORE: eRerl B amash e 00 Ry « high
degre€ 6NRURACY £ Ve, pattbinke bpﬂéa,l Qlisc akdh Eﬂagrbalpr@h@énetatcﬁaﬁﬂwadd port 120
depicted in Figs. 8A and g In one exag&) exenpl

of netwpégd%m@ Ydomawpe Hroviidged imshenaslgion pers sy ekt de@w% 110 (c.g.,
via tra{nglﬁﬁs%%q fﬁ)felrsolr4'(_)r gpt?cgg ﬁﬁlbﬁ)fqer 13t .Q? &farnﬁ e %g%fjby receiver 180

or mat an exehp ram
(e.g., adﬂws&wabhﬁgdhﬁmmdﬁtE@vﬁr 180 may detect a group del ay

) oot AL LA 0 B S
chain ﬁk‘é [vied %? r@cew g E% glgg 'bg %Efrs)?cl%(ﬁf (tsilé@rv‘gy't e{]r%gatlfgé e g%l/ay
differémce @G@myll(lsftlp)edgﬁ Fig.Pi r&?ﬂatnrptgr(mqj depayl dfferenth930 msy provide a
rneasdcrg ggalil frasit tgrl;le rflglr tl?el Ig)attae?nded optical pulse chain to travel a given distance (e.g.,
between network devices 110). Receiver 180 may use the measured relative group delay
difference 930 to calculate a residual chromatic dispersion (¢.g., associated with network devices

110, transmission fibers 140, etc.).

Although Fig. 9 shows exemplary elements of exemplary diagram 900, in other
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second optical pulse wth second frequency (f p) 920
may be generated sinultaneously and/or with a known
W pove/0tilb$ er ence (e.g., so that receiver 180 nBYI/US2008/084516

measure arrival times with a high degree of accuracy).

The patterned optical pulse chain nay be provided to
implefRAAN6hs, 8RRt dideddm @00 MetVdhtaikl f¥ 6 &diffidnt, BRYdd¥€onal clements

transmtted to channel drop port 130 of network device
than d];mgte(dgn gig. Yvilmong mlg@gmpﬁmémgrawo By progide wavelength-based
1nf0m?3g% 1I1§tgad 0]f509 ’11% %&(ﬁtlgﬂ toa%ﬂg fr%%’en?]f b{ls%gqﬁf\égﬂat oh. f €€ EIF:/(;); t

fr equgnnyﬂl(lﬁtrarm eﬁﬂ&eﬁipthrﬁ spaeadl zfrfa&gbkﬁﬁﬁ)du(grarﬁ)l OBQ Ofoeh sccond
t he patterned opti cal pul se chain received bg receiver
order ghgmigty disgersions eapablephbemgigenemisd apg/onraceivad by Eapypitfpr

170/re%%1v@¥ 160, fA?flﬁQ&ﬁe(ﬁ§gec&faf ?ﬂraﬂ %fgﬁfgtg g&afnnl Oﬁbgnayg nclude a horizontal

ative group may prOV|
ﬁfqummasuméegf“Emﬂnamyfxnnmnﬂeﬁ@ncﬂhmamadasmmeg GﬁhmeaP“Chn”“Ch

n+l,” %ﬁl{l 3{@}1 ch Z‘Jé)\r}p%tggatlya@e\éﬁ le n%gaél\p/\% annlf %;)%r%%gegd[ Betw, bgetn\AI%twork devices

110), %@s%ud'aﬁ&i 10 €0, 3lch¥$ncd 519&691gdﬁi2@)/a1fj1'nfcfh§ﬁ&n SendBdtht 30, and test signals
cal culate a residual chromatic dispersion (e.g.,

1040.associ ated wi th network deV|ces 110, transmi ssion

fe: gre.r%?ﬁf é40 103&&]%1 1 %tda R gﬁa 8861%1 Ssrr]?(o)g\lglte(ei {Hj a parMcular channel

(e.g., REMRE bR RPRBIctdqRBieicsEX VI IEGical ﬁﬂa@dﬁn@fge PaR¥ived i 1n a channel).
contain fewer, different, or additional ements than

Channgpd ppastred! G2 nlxaygmclgde the sprcingRetperead) escahhaansls 6-agehannels “Ch n-
1,” “C%?IQ ” HBM eal th ed‘@#@’ e;ﬁg\tnlf']ecp @g‘[&fgeﬂ H%[%Jéﬁ;&e%vg%oll N§. t ﬁlagnannel

I'n ad ion'to Fequency- rmat |
bandwvitlgh. 1080 nhdyl mslhdah eSncaﬂdﬂmﬁﬂpb a{sycﬁﬁ& etithadacRchamge rre nt

di agram 1000 éfor a. second .order chronmatic di spersion)
capabisesignalp L9 Hymae chude ontict drlses (<ek cdpeigtagyand/or received by

transntu'ftglnm/ltetca(ferl %@ Ea%‘ﬁedfg\g%ch]ﬁgy Ih%? du%lkfélgeiﬁ or flg:o% gﬁieé:,t 1 kst

arr angenent a ram1
frequdnce guenty saarnd fréquegcy J») By edlleng yéntral fradidnpy & mbattrmagabe tuned to a

nnel axes (e.@., .Ch n-1," "Ch n," "Ch ntl," and .
Chanm@ﬁa‘f G4 ne{fhgfl f‘?gy) &%Pflﬁgnﬁﬁwmﬁv%n dFPh NSRS 1@%0 Jay depict the

opticalP 891‘&&5@%6’61@@& Wﬁ%@el@&t Mor kl"rﬁ’t?s\’ﬂlﬁé‘rsl 7HIRAy; ge"i‘lefh@esﬁle l?1“%‘;&d1‘1requency fm and
1010, a channel spacing 0, an in-channel bandw

the cen@@drecannlyt /e tt msasgmet ﬁrsltiﬂl@lvelga@g) dedmyodifforcocerapd rnay generate the

cl ude i dt h associated with arti
sccony iRy fi g Bt o PARBk s ER R Bl FE Pl RNt Bay
differivicC IR cdH{¢rCiAI0 rﬁaygmdummxﬁrﬁ Rrdc@ ¢&li URHCHrBmati€ BRP&SIoh based on the
Channel spacing 1020 nay i ncl ude the spaci ng between

first ag@ pesesdtelethargiennsdqley differenkemaed Bay cploplates secorghorderresidual

chrom % 4 g’rs&of%ﬂgeid %g;ﬁﬁsetl)or n%{jévmﬂ%? ﬁlﬁ?ﬁ%ﬁg 8159&%1}@@{ i} gcelver 180 (e.g.,

via oudgn dl\Mldé D70 had/on Beaihsficat 80 mayt disgag thedivatordtr. redigsdl chromatic
signals 1040 may include optical pulses (e.g.,
dispergioRengdios &hea%%v orfdgtided ¢ Es@maﬁlaﬁssa?@toar 170/ r ecei ver

180)A %1 i WO sﬁgwggyer@ﬂ élftg &f @Etra{l raﬁ%ﬂ%e?]ﬁge;ﬁt silagrsarn 1000,

(e.qg., t frequenc a sec nd freqg
in othmlrrlplcasemtatmelﬂi spaftrdl pegqugmont dlfagta)n i (F(H)tmmyagotman feweddifierent, or
I n on

additippa fAgtsdb i ferio S P DE U1 18 obs Auhiels SRty diggram 1000 may

provide wavelength-based information instead of or in addition to the frequency-based
information.
Fig. 11 depicts a flow chart of an exemplary process 1100 for measuring residual

chromatic dispersion of a channel provided between one or more network devices 110 of a
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optical pul ses received by receiver 180. Transmtter
170 may generate the first frequency and the centra
woe@goeney . to neasure a first relative groupPCBEUS2008/084516

di fference, and nay generate the second frequency and

the central frequency . to nmeasure a second rel ative
netwodlk QUE, aewedk tioh fa@do@dﬁﬁg to RYAE&hYREtidBUcEEbe8 AbeH. Ah&nd
' first order residual chromatic dispersion based on the
implemicpigtiomgoesas bHY may be peréorged by tasraited | 1¢/eceinee30. dagther
. C I . . .
implc{R¥afB HIoRES BGBFEOTR RBRhed 67 kb BlinGM MR for 180 n
conjuitidperisi advthdraeeicy 6. g. 18Corhputihg, devica, sudh psih 1apedp, 6 cRdhhal

and/ or_user interface 430) nay display the first order
compytggicldal chromatic di spersion and/or the second order

resi ' ' L QF t '

Coriey DusGRbE TRSCSs ShORREPHA, wih ARUERATL Py ockra? lefency of o
dual-fi€Bncyi ligho sdece tongodoane ot achams] todpentasated dbloak dEitgdnd generation

di agr.am 1000 contai.n fewer, different, . or )
of optigaitIn Tt B EC%%iﬂlujfélbfi%l?lé‘d“%t%?i%ﬁ‘i‘l'fﬁﬂue?w lighd source
(bloclﬁgﬁ\?gll?.l For é%()éﬁ{ﬂ’é, af bfnedihﬂﬂérﬁéﬁt&%%eg@r%gﬁra%ﬂiéjﬁ connection with Fig. 3,

engt h-based information instead of or in addition
tunablealuah&equescy Bpltysobias 800 phfrarsmittérolY0 riyggentiata€ optecahsignals at

flow chart of,an exempl.a rocess ,1100 asurin
wo fieg@GERRE b, Rinary SUGRE RSB rRERE g L RO frequency
light $@£4880 nfyeadfist BPfuge ﬂ%tt%rﬂ%qd&i/di@s%%s&é&e@'ﬁvitﬁ!ﬂﬁt @RI dignals so that a
network 100) according to inplenentations

. (e.g., nej .
varicty @§ gfﬁﬂ@@@leh grawibg sclepted aad pensratemb tnplla dupl-isemssey1lighy source

0. Ff R L SLIR 08 PSS A0 i s o

less tHayi, oif greged thiugfa chdflel earernerqudSs) (e, camimingltcheme t h
anot her device (e.?., a cqnputin% devi ce, such as a
frequengppspyclenstpor sepndliel teHsteer, Tangbly duskdraapeneytlieht sqpree 300 may be

capabg(ﬁqﬁ‘ﬁﬁ% 0% Y aég]'%%él} Wiah CI:D;WPM Eﬁg:ﬁ%l @fg,% GRRAERLf a DWDM

equency of a eque I ght sour¢é to a center
channof). dhe hamnptical pulbes meabaigadratdl omkltdikbd03jly aadvdr with a known time

. eneration of opti | ulses with two freguenci es
differdichir EanoBRETegSFT HOREY BIGaTLe FEBkARSS Vi Afidglsatss of accuracy).
(01 08k uk0inonFan AT b AT GRESHRAH s may be

descri bed above in connection W , tuna

separatechindt argmaldimess dfiteghvosfoesueacigoapbe meansed ik 1130), ang

feau fRy A1 for s iian By RAR iy fo et BESE TG 1 i dgprerampte

in onciddlcrhérRARNTeYcriticd AbowOr©anc8en Wath Fd] 41Shtc@ErobidRe 400 6f receiver
two frequenci es associated with the CNVshgpals so that
180 mgy yegeivetaptist! rutsss 8% 69 & sframychpancd droparosil S dngesspritceeptical

pulse%ﬂ)tmme?en%@ lafl{i gﬁcl?lﬁmge éﬂt%&pﬂ%‘%rﬁﬂif?&%ﬁ e@l&%%ﬁ%@lﬁ to different

al -freque sourc tune
ones giulicdzs 410. Reddust Bhioastit lapeBiod daksttdr¥20,0f d¢cefice a8@Mmay receive

the cIeSRATABHS Py Gy By Futirb e AN asart ot agLaeyprfical diodes
420, E%;Prllﬁcgll Q%lc%“ﬁt%]a'é ?I%@%ﬁr%g Fl)f{éré&lat(e. 0 YIHEe SR TR vgﬁvaeﬁcﬁlgﬁp&fqm light

tuning t requency to any
that makesgup edcb oatica puibse) fof the tDVBMqobranyrsednals. Residualocho@hatoadispersion

calculgﬁlaagé fui?;ﬁér r%geigee}nl%r()antle%dingllugy lortlea grerggrsel IXGC%QI%ISI%E (ev.vI g.t, Ie? fr%quency
counter) for measuring frequencies of the two frequency signals. In another example, frequency
information may be measured by transmitter 170 (e.g., with a frequency counter), and may be
transmitted across transmission fiber 140 to receiver 180.

Returning to Fig. 11, a relative group delay difference may be calculated for the two
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difference (e.g., so that receiver 180 may neasure
arrival tinmes with a high degree of accuracy). As

WO eoovheregshown in Fig. 11, the two frequenci esPOF/US1968/084516
optical pul ses may be separated and arrival tinmes of
the two frequencies may be neasured (bl ock 1130), and

frequéhcick e8I Y500 4 filt SracLrekidnalt dheorRiRld digderdiod ﬁlﬁ§ bEf@Mcﬁlﬁted by
cal cul ated or set (block 1140). For exanpl e,

dividipgrficariafivagioon diféesendethydthe fewesnry dtffﬂfl@i@é {blogk w&oa amudghe first
order f}es d f r&% tggglg@%ﬁé% gla fbe p?c?xgiriﬁvcfz or nng ay ?lgﬁl? %g’{();ﬂefgb?%ample, n
one mimymSﬂEtﬁﬁdﬁﬁd@cﬁlﬁﬁd dbale McﬁﬁSctBﬁGmﬂythalﬂf ekl hroamudic riigpersion
provide optical pulses of different wavel engths to
calculgfor a9 By Calsultcohe gl asszrau el di e oRe GhGaleulate a first order
0 r
1r651dthL1 ﬁg]gﬂéét)?]ﬁsﬁé} 18H &?g Ess?égtggfwvh{h%%ﬁ& dfeﬂrrﬁg% Fg% é{aggiglgérﬁlgn fibers
140, cfa. bbbuélnui}ng thk(nahfalatddrr):laﬁve)gnouptiekaa ldiftirectedy4RO¢alarated frequency

citergep BFuRi it GRVETa RIS Ty it e clsulied frstonder

remdu'dpclﬁéﬁlgtl@@lfsb&ﬁbn Wﬁs%?)nt&@a[ceqhg Ué@r ihfBRHERNY mal %&@iv% the
Resi dual chromatic di spersion cal cul ator 420 and

calculpted ﬁrﬁendqseﬁldmty chneviatid dispersionrfram rfsldmebﬁmomgmdl(%mrgon calculator
afre nt asurln r nC|es of the

420, {5 TTEN S AR T RS o SR P p R By
i nf oFigBld @pidiBY 16§ dNeADY b dxdny mlryaﬁ&éesg 1200 fbf theburBhg.residual
with a frequency counter), J) be transmtted

chromagie gispersionryd gi channsh pravisted bttm%en@nﬁ et wioyenctwgrk devices 110 of a
reonofEETAIBONONT) ek y U PAB PR AR AR B, o goe

implefidhtatibn, pidd)s IZ()Of théigbe perflemed &g Itﬁuﬁhltt@h I TOrRkcti®er 180. In other
di spersi on may he cal cul at ed b%%d|V|d|n the rel ative

lmpleg%%%ﬁ, P?O@F@rﬂ@@o BpviisecrioEye kb frapnpiter Raecqipir déR in
conjurHihwig PRI Sophé Ra gt QiR GYRL, S06 TR kfor, ¢ pgona

com@ﬁwreexanple in one inplenentation described above in

conn 0 th Fi resi dual chronatlc di sper Si
C ol OSSPtk sy ibmb et R e TSP Dy tht
1ncludéb hiceken ‘ﬁ%guéiﬁgj aNBY @ 4Lt iR ofdck & mRAHRS a fiRS kéjz&{ﬁje group delay
chromatic dispersion (e.g., associated wth network
dlffer@t‘@@ |0§ e shame! (WeckndDx ehd gertqrétiems)f B Eptiedl (pu)se }ﬁ;at includes the central
cal cul at ed r | ative
freq“edW F‘%ﬁi %g%cé’n§§ AR At 8‘[ﬂe£\ e q%%eﬁi%& ‘”c?faf“fvé ELgpglclay difference
of theRASAY QJIO(QJWIZQU?H Fér ShBPRY, § 1Y 6l dn@dtidh #2&ib¥aYbove in connection
Igrowde the cal culated first order residual chromatic
with g sifle fost ganale 1 Qlapay webide gpdcad polseUser deneiatorlaad/on ggeived by
0
vans TR [ REELERL ) SR LMt e POSEEA BROHE) 0. v
frequaics P ©secord froquahoy f#20welhaga trmtradj fisghenyy (f)ehat may be tuned to a
cal culated first order residual chromatic dlsDerSg@gbpﬁaﬂ

channgi (g.g..10papReh; ‘6 873 1B RAE RERP e isagls ABF A rpy sepie
P O o 8 P et S Ry and the
central fi®qudncp fatehvwaske (aeﬁrg relatied gonkK d&l@@ﬁlfﬁarctmeddmdgnapgenerate the

[ enmentati o des bed herein.
scconil REIGHERCaITIORS N GLBEGTS0G Tkt pSrat sl pyeroup deley
dﬁﬁx&ﬁ@nsn1tter 170/ recei ver 180. In ot her

I npl ement ati ons, process 1200 nmay be perfornmed by
t r andnfurther shoRey indéwi e fitgorden reseshialietgoingiic dispdrsion may be

calculrl{égtbggerd on tYleé Gkt (anﬁi Scond re(ia(ljt%ugtrloﬁ]pgdeqa V(lil‘f:f%fengé’lsc(lglocﬁ 133 0), a second

order chromatic dispersion may be calculated based on the first order residual chromatic
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conmputer, etc.). As illustrated, process 1200 may
begin with generation of an optical pulse that
W0 pwbtass a central frequency and a first fregREnty20081084516
order to nmeasure a first relative group del ay
di fference of a channel (block 1210), and generation

disper@iondBloeRl 24| ardiths Eirdt BAd sdcBR BRRS rdslBac@Rémadic dispersions may be
frequency and a second frequency in order to neasure a

prow@écf@h@llswléy frlpelel Zp0duporcrstaeny o itf dnerigmpdemesttationelesdithed @pove in
conneé%%n &JktB Jf‘gog abbreg&v%ref(@%g (%ailéourl]at\%)vI 0 ?ﬁé@?%& ﬁ%&lﬁﬁ. 8lgrtgrnatlc dispersion

based dnghafist LHcoRy reldizk goupafidycdiffeeut Sesnd ®a@calculate a second order
generated and/or received b¥ transmtter 170/ receiver

remdufb@)m@a% isperiipn Spschwy thaliet ardgr repiduakgh r@m@&@m}mn Receiver
180 (%/\gf ?la ouf"bui géeﬁn%er f’foe%lrdZdagléenr Cn)}f% ce?é)lﬁﬁ %gitg/dd né{}a%ﬂ%@?ﬁu%f eoéde?‘?‘emdual
chronatic ki&pnleion(aad@)r thecdeeormisdrdéiGhsidud Chronatic g essicandh enother

test .signals 0 may the o cal | ses . . .
implepgpiafige ewefég% S g & Fimh B0 aheiyogatisispasion of o
channbastd 58 thef (rOOALRRBGY cRRE dEhE d‘ﬂ?&%ﬁ&l anfl ra%%’(ﬁﬂ%stuorﬂ@r residual

nmeasure a first relative gifoup delay difference, and
chrormiay digpewsicatad thdehased bastdianeeerrond arlativermoedelpadifference. The

ency, . to asure cond relative group de
receivgf FRb PR Hiso chGuGr Wern ERR e ARt LR gpannel
basedloAShéletabul &b BRRLAE scbhd BFsioder PRYdUREcIamatit atspesiBAs @Ed may
on the first and second relative group del ay
calculgicfanaveree §irS(tJ@|r<éﬁé kesi@byhromate dispersion dvéaredcqmrtbmqlméated first and
er b f
scoonff (AR SR R ERL PG BRED 5By kit g ERbutecea
mmkhﬁlﬂﬁbn@m@dﬁpﬁ@bdsorder residual chromatic dispersions
may be prOV|ded for_display (block 1250Q0). For .exanp
i n° dAliRehteaEs datariGRd Rt e BICANE B-SHnBg PR 6lﬁf0matlc
0 r
dispeichiifop kat AEERRINR CH FOR b EAEhBRE piplbhe TG 4 systoms
and medods chay glemetrat\z@pgcaj polsdehtaywodrdqienaestesvelagthsvathin a DWDM
| cul ate. a. secgg? order  residual chronmatic di spersio

channgCat iR 1 Sf PRI RSN ShicGhabd ey scparate and measure

arrlvafjhl%E?Bﬁﬂh@ Rwo BEE&I Pﬁ@eslﬁg rb@ig end\ef%eoémut trgﬁﬁﬁs%fon%wtem A
/or user interface may display the first order

frequfrn@s ideftragnasmaynteet qa@l@htgb@rsst ton tlafol/oofirequirecieseefhelopifadépulses, and a
mati c di

. id | h )
relaiyei3p S S PTG o el B e a6 U R MU G gt pppgy. A firstorder

residubl EHrbmeti@ikpdrsish ehglbearcandid s di’vﬁiﬁ{:%” tht edlatdfe Gogh@dmedifference
based on the first relative group delay difference and

by thegfremieneadifferenee. o wpeams and raethpdscdesgiediberain B)3E kP & used to
calculg{%qlﬁér% ﬁghgk %ﬁ{glﬁfcehgg?légcfm%@eg?% vﬁlﬁlasatahef %1 gu ﬁgtﬁeggl's&%e.g., a field

30 ca

tester $@coBcomanicagsisthiavided ltd)diméﬂnﬁndth& pevidiad ohiomatibdispersion in a
channel bas?d on the calculated first and second
DWDHM elaanngl ekl @ad #g812!Shr omat i ¢ di spersions, and may

cal o Tﬂeafo?eéﬁg X e@é nl%nfo'f § gll'e cffatioh gﬁd@é 111%5‘&8{8%%!113 description,

di spersi o the ¢ ate I rst and secon
but is bt imtendedi®rberaxbghtiak oct«x lumitthlecmderﬁmrts therseciRefoeinvesclosed.

t he cal cul ated_.res dual hr omat |
Modlé?@?lﬁ@% Mwﬁﬂpﬁﬁsp%rs RETILLY IO SELEHPEE eﬁé}l%gsrp%v be acquired
from PRRSRUIST thdmehadael residual chromatic
For example, while series of blocks have been described with regard to Figs. 11 and
12, the order of the blocks may be modified in other implementations. Further, non-dependent

blocks may be performed in parallel.
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di spersion for an optical fiber based system For

exanple, in one inplenentation, the systens and
woreaobotg6sray generate optical pul ses at two  PCT/US2008/084516

frequenci es/ wavel engths wi thin a DWDM channel at a

transm ssion end of an optical transm ssion system

and 1Ry11 88 RFFaA¢ R AR dmBBASWNES, & dds¥dbedtHoids, iy bOBnfI¥Rented in
optical pulses at a receive end of the op tica

manytdrféfﬁgmﬁ fermsorf softsaeanfirmwhrce gikhargwaicfin éheelﬁméern@yatms illustrated in

the ﬁ%l?% C ull"l}%ta%%a%oﬁ?&are Sde ortlﬁ c{léﬁ?ze]zi rcglgtﬁoqu]léf arg gse qg 1rn;r)]lernent

embodiJimen@I c&@crh&dmafe(ﬁu{satoe tfitig dfhiRe fnvontgl lnﬁlk the bpasnoxﬁand behavior
first order residual chromatic dispersion ma

of thecbodimgnéyers dgpsribgr mythorerefeaeneeite dregpetific a@ﬁ){we code--it being
r

ol BB DSl SRS Bl B BRI o e

eanthmm%mwdhnﬂmebummabnhhmnnat|c di spersion values and

nabl e a .user a fieldt ster for -
tol ﬁF@%&P.paﬂy%Pgmedmnﬂ% R PP IR el dhet
perforefl R inford] ﬁﬁﬁﬁ&%‘ Ofhid fooft Wcﬁﬁ@'ﬂ%kwa?@ 56l % ANPplication
accurately. The fore90|ng description o
Spec1ﬁlqnptegrmrt atduging agrebd prdgsnithibls patataitay, saftwathe sca bghbipation of

hmd,a %ﬁfoﬁ i ntended to be exhaustive or to limt the
WRVERYON % the precise form disclosed. Modifications

and ByahitRéughfarddu@arRembinaliend of featght aff retiR®! iaRY Eaims and/or
teachings or may be acquired frompractice of the
disclosed/iarthe anecifcation kzasp cembinhtions asenotdsteadedipdionis thiayeention. In fact,

many 9 %? SQF ?1&%%1 brﬁ%f J}nlglﬁgda qx/}m% &0# %?ealﬁ’lcgﬂlgpe%lt%@ in tthlé] ®laims and/or

dﬁcbkﬂbh&ﬂ@ﬂkﬁﬁkﬂﬂ@1 Further non- dependent bl ocks may be
perfornmed in parallel.|t wil] be apparent that

enbddP RisAICEL, aafs OH@sERGHIgR ¢sHbindheprenen aprliGatipn shawd bgjeonstrued as
ol Q r
crltlcdh 193¢ gﬁg%[téaq :tJn {h%ﬁe I&ltl&? glﬁr'ig%s é; p?lgi];tll ‘ﬂ@ bg{i lfa% %ﬁ@g I%r%scf‘ﬁgused herein, the
articld 'Iagwmsenda"d]te) 1ac1udabnesmfmmr1&mso d’@heﬁre oslyemicalenzis dntended, the term
har dwar e u

.contr. e )
“one" G8 S ir e an FsoeS Thshor T RTAG BHRg: FDBATs g mean "based, a

least ik MR, orf"NfIQREX G;ﬂtdugnst&e@oﬁl%kmé or of the enbodi nents
wer e descri bed wi t'hout reference to the specific

software code-it being understood that one would be
abl e to design software and control hardware to

i mpl ement the enbodi ments based on the description
herein. Further, certain portions of the invention nmay
be inpl emented as "l ogic" that perforns one or nore
functions. This logic may include hardware, such as an
application specific integrated circuit or a field
progranmabl e gate array, software, or a conbination of
har dware and software. Even though particul ar

conbi nations of features are recited in the clains
and/ or disclosed in the specification, these

conbi nations are not intended to limt the invention.
In fact, many of these features may be conbined in
ways not specifically recited in the clains and/or

di scl osed in the specification.
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No el ement, act, or instruction used in the present
application should be construed as critical or

wes®entiied to the invention unless explicitly PEBUSIDEB4516

as such. Also, as used herein, the article "a" is
intended to include one or nore itens. Where only one

WHATtISO i sINMPbgRded, the term "one" or simlar | anguage

I's used. Further, the phrase "based on" is intended to
méan " BasehodgompeisBe: in part, on" unless explicitly

LB DS AB LT AR B B Mgt

first chavof & @stivaniéhles wi t hin one optical channel, at a first

and

end of an optical |ink; receiving the optical pulses
afecsIvanc b APEsid PBIset He ssprndeand of %?ﬂ@lﬁt@é]tlﬂkh g a

f i f f ies . of
opiHER ey SRR Bk 6% e RO e A
diciltelnemc e rdlaivetgneurt dubayf diéfgreance fozshotfwa faejuoptiecal the optical pulses;
pul ses; and cal cul ating a residual chromatic

di spersion of the channel based on the frequency

dif it QLEREL r@Nat aﬁoﬁéﬂi&&{gﬁe‘rﬁgn belRlch¥ie O 24P o ®leB¥equency
difference. 2. The nethod of claim1, further

differgmrpni dieraglcufatalictitivg gfap dayplifigrende. t he resi dual

chromatic dispersion. 3. The nethod of claim1,

further conprising: generating the optical pulses with

a2l i ghtrhg enskies), of\Memel , Flehc@Pbhpadingi gnal s are

generated wth the frequency difference at the first
eftpvading faridisplay 9frike realalphsmnefiatgsneigoyener at ed

optical pulses to the channel. 4. The nethod of claim

1, further conprising: separating the two frequencies

0B. t he Taphicttald (fuls@s], farter dormpesiapt | cal channel ; and
nmeasuring arrival times of the two frequency signals.

5 genesdingehe 8picst Prlses with 2 lighfevourcsavbere 4t enjical vignalarig enerated

‘ . . : i - ting the
i USRS SO LG LGP 10,

catwidiag €t geatrated\optigal pujsesiel thy cinihtler ence by t he
frequency difference. 6. A nmethod, conprising:

receiving a first optical pulse, that includes a first

f yequenpy mHRABrRILMAN AGthPEoRPriQRET cal | i nk;

recei ving a second optical pulse, tThat includes a

s equrdingthgranitgqueheionet the optheah nelses wisliaithd ergical ¢hanng; and
opti cal puLs? .tha%llqcl%ges a third frequency, from

t aﬁ%%&éﬁiYa ‘times o1 the two Trequency signals.

5. The method of claim 1, where calculating a residual chromatic dispersion

comprises:

calculating the residual chromatic dispersion by dividing the calculated relative group

delay difference by the frequency difference.

link;

6. A method, comprising;:

receiving a first optical pulse, that includes a first frequency, from a channel of an optical

receiving a second optical pulse, that includes a second frequency, from the channel;
receiving a third optical pulse, that includes a third frequency, from the channel;

determining a first relative group delay difference of the first optical pulse and the
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determning a first relative group delay difference of

the first optical pulse and thesecond optical pul se
whawen7am t he first frequency and the second fPETUSIVO84516

determining a second rel ative group delay difference

of the second optical pulse and the third optica

secon@épB&ul BaReHaed oh Mg SRERBJUhERHMEME ¥eddnd fiddgerdchi I d
frequency; calculating a first first-order resi dua

c Hetsrraining adsega@@r rlagiye groupHislayrhfprencheidbelsesand pptidal pelse and the
. r I en C
third (#pﬁ rcglt ﬂu\fse J%sgdrjcgns g %’on(a Ieglel&%cpl ) ?126 tgrﬁ‘gl%rg ﬁgg}%yt he
C bamﬂehngoaﬁm figdd-oirdieg residian chrogladit dispergfoﬁmﬁﬂﬁéedhaynel based on the

di fference; calculating a second-order residual . ,
first relptivsngrpni delp fidtessnsn a@qg a p¢rong Hatireser pesddip! sroptic dispersion of the
channEPSEH B4 B EdlrARC. 3EGRNML I fLcpider T esi dual
chromati c di spersions; I'cul'ati hg an average
fbamuhnmgesame&nd&ahmuhmbdabmenddspﬁmsnoﬁﬂbaﬁeﬂxﬁhm&henthe
Iat d fir zt an sec82$ %Jrst tder. resi dua
calcul§g Gt S?ﬁ°§8 TSt Tohuet ORI G PRI OB T 6,
f HEIEﬁl@ﬁn %'We‘r%erfﬁrst -Buavieding cﬁﬁﬁnéﬂﬂc%ﬁp@bélcﬁlf bas&forf ieShiculated
and second first-order residual chromatic di spersions
first antheecohé fistootut rendiat chregiatiadisperkioosat i ¢ di spersi on. 8.
The nmethod of claim®6, further conprising: generating
the first, second, and third optical pulses with a

| 7ght S@blhfeﬁlod&l'ﬂildi)ﬁm/ﬁﬁtﬁwcérhpnﬁﬁ@er ated first,
second, and third optical pulses to the channel. 9. A

symvechpg Eurdpsnlayi afghe frst ardsogend Hestpedsr mwwhr@mam‘odlsperswns
and the%ggdn r%)rttjeﬁal!lal ghl]%o?fgd?lg r%iyg@}s;fdnnc' ude two frequencies

fre roma channel of an
opti cal netmork separate the two frequencies of the

tlcal pulses Mﬁthln t he optical. channel, neasure

ri vallhe megodgt claye %éltrﬂteaporaml%% calculate a
¢ gk@erré tHE 'ﬁps? sgﬁétﬁ‘ly aﬁjd ,E‘th%r gﬂFeﬁ fufé%s et atl t fource and
(0] an

equenci es e opti cal ate'a
r psaviling thergenﬁateldcﬁrsn spondiaod th)fd (bptfeabﬂfmm etxb theahethohn
the frequency difference and the cal culated rel ative
group delay difference. 10. The system of claim?9,

fgrthe@&@@Q@{b§m@gmn§ transmtter device configured
to: generate the optical pulses to the optical channe

oarungwoﬁcwcawnﬁ@mm@ﬁk 11. The systemof claim9,
where the. Lran

dua -1 MRy Y- SRR R B ey aifference,
P@oSES chaanéirdfulloptibathc@idrRUt s one or nore operating
frequenci es and one or nore power |evels; and

separate the two frequencies of the optical pulses within the optical channel,

measure arrival times of the optical pulses,

calculate a relative group delay difference for the two frequencies of the optical

pulses, and
calculate a residual chromatic dispersion of the channel based on the frequency

difference and the calculated relative group delay difference.
10.  The system of claim 9, further comprising:

a transmitter device configured to:

generate the optical pulses to the optical channel of the optical network.
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an optical nodulator that interacts with the driver
and the tunabl e dual -frequency |ight source to
w@emenztes t he optical pul ses that includes twoPCT/US2008/084516
frequencies. 12. The systemof claim 11, where the
tunabl e dual -frequency |ight source conprises: a
hitghl y They®&h io¥ €laith DI Rhert fied trdRhdi@GIdvick gbhpagRer at ed
by the tunable dual-frequency i ght source; a gain
néawhiet dvatl- frp@wﬁéw dght S@erqeut@qﬂgeméﬂue@ epteayl blylsm ghly
th :
dﬁ%&t t'hXt ourn]%utg ? - ol me? %iéﬁ%ﬁg %eﬁl\e}eeg %‘?@1 019?% {) (\)&r%]r levels;
and the gai n medi um and separ at es the opti cal pulses MAth
two frequencies; a.tunable filter that receives

opt Peigal piadyletorthad interetsivithethe driyereangrthaivgable ﬁé%l ffff?élency light
soulrcé)g)t %e‘flgrlatéotﬂhﬁﬁﬁcatl ults&ethgfﬂ 0085 twd ffe%l\g&[{c?& saturabl e
a

elves t e optic ses fromthe
tunable filter and mai ntai ns oscillation of the

|ca ul ses; litter receive he
E ic ath Sy 68 of Aty e b HiecEhadly @waéﬁlreau%mﬁkgﬁ%wurce
com buts & portion of the optical pulSes to the
ut put s [
chdrghdy reflmnidvcamiveor éhas mefldetsl lgghk gencraied by droginvabic dmbtitegnency light
gortlon of the optical pulses fromthe beamsplitter
SOUCYnd adjusts the interferoneter and the tunable filter

basgeth Meditehareddies thiOlidht 8dTlcefedttyehi &Y r&BdctiPém$@Sr and provides
13. The systemof claim1ll, where the tunable

an opdehainrteigdisdy: | i ght source conprises: a first tunable

lal ?:'Hrtg?&wn%%r hﬁ‘?}ecgﬁinf {h%th‘léﬁt 01InI tfé?s éalﬁ %eﬁifu%]é aﬁ’djé i)gli tfl]e optical

requency; a Seco una ourc
pumegﬁnﬁbﬁdﬁsmﬁmsesond optical pulse with a second
freq uenngdlfferent than the first frequency; a

badwrabls filter dhat repstves Eheaniisal nubsss fiopsthe gpeiferametsy rl%tunes the

opnaﬁﬁgméﬂ%éﬁ%dkﬁﬁeﬁ'rSt optical pulse into two portions;
a secon eam splitter that receives the second

optrevcade sptuirsgde alrsdrisptliat sectives e optichl ppisec ibmuths amable dilter and
. two ggkgioqi a mavel ngth | ocker that receives a
maintpigs pregiaton o e aUcakPWRi cal pul se, adj usts the first
t 4Bk slblhtgsli‘ kha? BUERRs ARTPACADulRE frBﬁlr thé ARk sﬁtlil@abﬁé db3brber,
opti cal pulse, receives a portion of the second

splits staptiat! pdsics into twelpertions aad phf@meiqmtﬂon ofithb bptidall ghises to the
h sgurie based on the portion of the second optica
channguy and

a wavelength locker that receives another portion of the optical pulses from the beam
splitter and adjusts the interferometer and the tunable filter based on the another portion of the

optical pulses.

13. The system of claim 11, where the tunable dual-frequency light source
comprises:

a first tunable light source that generates a first optical pulse with a first frequency;

a second tunable light source that generates a second optical pulse with a second
frequency different than the first frequency;

a first beam splitter that receives the first optical pulse and splits the first optical pulse
into two portions;

a second beam splitter that receives the second optical pulse and splits the second optical
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a beam coupl er the receives another portion of the
first optical pulse, receives another portion of the
waewoniept i cal pul se, conbi nes the anot her poPCT/U82008/084516
the first optical pulse with the another portion of
the second optical pulse to produce the optica
pulse BHb 888 pordidfs;out put s the optical pulses to the channe
14. The systemof claim 11, where the tunable
10 daavavelcagihdedkpr thagtecciveus pertien ﬁﬁtheé“ést aptisalgfulscaadyags the first

tunab{eeligzl{ Sou?cec%%gﬁ &?thetp%%? o ofe%héj Yrest o&%c%!lpulge g&le?ves \é%ﬁ{on of the

second 5pt15311 Pulsy,sind rad}mﬁtsaheas,em&i tu‘ﬁ:ﬁllﬁié éighthwuree®akadedn tde‘pbﬂﬁ)n of the
ngrlses an interferoneter that receives the optica
Sﬂmnéﬁp %%Pﬂhﬁf@éparates the two frequencies of the

(0]
PR Lol P AL, A SR Pl R SRS notr
15 portloﬂhxfdrmstecmdmﬁme]rmlm cmﬁbmhethe Iaaanthed portién offthe ﬁsgt spacal plilse with
the a eset he Ecocles % eSo funth ses, and outputs the
HBHWF P oGl ulssdo pradives e OptiF malee

opnaﬁb§E&ﬁ§&&9dﬁhn&he channel by d|V|d|ng the cal cul ated
relative group delay difference by the frequency

di fference. 17. The systemof claim?9, where the

opt i netmor n th D vision .
I\/E%‘tl pl SR “(‘B\f/\ﬂr% 62 @“ﬁ&ﬁ%ve‘v&?aj?lev\‘?@? ﬁﬁq t‘ygﬂ#{ SOUTce comPpTISES
onc ofONPrising: a receiver device configured to:receive a
first optical pulse, that includes a first frequency,
fﬂéﬂ$bﬁ@hannel of an optical link, receive a second
e, that includes a second frequency, from
tﬁ Iﬁgﬁg%%§ and receive a third optical pulse, that
5 i aclyatiger;a third frequency, fromthe channel; and
proceSS|ng | ogic configured to: determne a first
r MRRPeT 8883 del ay difference of the first optica

pgg§ﬁagﬁg”5§§(§econd opti cal pul se based on the first
frequency and the second frequency,

a semiconductor laser.

15.  The system of claim 9, where the receiver device comprises:

an interferometer that receives the optical pulses and separates the two frequencies of the
optical pulses into two frequency signals; and

a user interface that provides for display of the residual chromatic dispersion of the

5  channel.

16.  The system of claim 9, where the processing logic is further configured to:
calculate the residual chromatic dispersion of the channel by dividing the calculated

relative group delay difference by the frequency difference.

17. The system of claim 9, where the optical network comprises a Dense Wavelength

Division Multiplexing (DWDM)-based network.

18. A system, comprising:

a receiver device configured to:
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determi ne a second rel ative group delay difference of
the second optical pulse and the third optical pulse

wha®ed7am t he second frequency and the third fPELUV08/(84516
calculate a first first-order residual chromatic
di spersion of the channel based on the first relative
group eQkay adirfkf reacfiRNthapinsRESNS fifdt FS{u@tdefom a channel of an
resi dual chromatic dlsperS|on of the channel based on
t hpticgddiokd rel ative group del ay dlfference cal cul ate
a seco er S| r

5 channe %gasg‘ eccgn% %lé ugs{%r gl{g?g; lﬁxd %uenay,t}?orn the

f chaineDaA@r reS|duaI chronatlc dlsperS|ons, and
cal cul ate, an average first-order resjdual chromatic
di sper §5°6iVc3dbiEd optical Ralspahat dncdudsy arthird fregyracy e the channcl;
fiLpgt-order residual chromatic dispersions. 19. The
system of claim 18, further conprising: a transmtter
dewdcessimpplogicgonBgurtdto:generate the first, second, and

third tical Ise MWth a |jght. source, d provjd
10 t he geﬂ%@g{ll@a agjrytdelativeeronn delﬁﬁ Hlfqur}ca Og&qa@at 3&5199 se and the

t Qedolig opfi@N Pelse bgsgd oﬁ‘tﬁl@ﬂfsf: Ry RABY h1§d ﬂllg scdBhdTequency,
generating optical pulses, that include two

freque dcueenmwatshwmdarnletlwgnooa delep diffestnceat the scbomst opgiaal pulse

on€ihs B el b BRGEBF thee Bt ek R ragencr

set t i N@aldulbfcROfSNENt- Sﬂd%f ﬁ'sﬁlﬂ@lechfr&ﬁaﬂdwsﬁéi‘ﬁoﬁ bEMY @A%in8Bbased on
of the optical pulses; neans for calculating a

15 r dicdisiviglagive gppupaictay d(yfftprp@cpee%]@l@ seepnd fiyst-prger residual chromatic
f |
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channe balbﬁlﬁ&dl @toridierdbr esidesieyirahdticatigrestorantthé bigannel based on
cal cul ated rel atjve roug del ay. di fference;. and neans

f 8ic Garenate gt gk scapipiigorier fq%@ualéélr%%rrc dippcsriens and

d' SPer gi@fate an average first-order residual chromatic dispersion based on the

20 calculated first and second first-order residual chromatic dispersions.

19. The system of claim 18, further comprising;:
a transmitter device configured to:
generate the first, second, and third optical pulses with a light source, and

provide the generated first, second, and third optical pulses to the channel.

20. A device comprising:

means generating optical pulses, that include two frequencies within one optical channel,
at a first end of an optical link;

means for receiving the optical pulses at a second end of the optical link;

5 means for setting a frequency difference for the two frequencies of the optical pulses;

means for calculating a relative group delay difference for the two frequencies of the
optical pulses;

means for calculating a residual chromatic dispersion of the channel based on the
frequency difference and the calculated relative group delay difference; and

10 means for providing for display of the residual chromatic dispersion.
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