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v BTDI RECTI ONAL DI SPERSI ON COVPENSATI ON SYSTEM 5 10 15 25 30 ~r.S~D OF THE

| NVENTI ON The present invention relates generally to dispersion
conpeng@w9/eazol N opti cal comruni cati ons systens and nor eq@aawsdvgusarly to a
di spersi on conpensation systemfor use in a bidirectional optical

communi cations system nF~rRI PTION of THE PRIOR ART 2n a long optical fiber
comuni cations link, chromatic dispersion of the fiber media causes
portions of an intensity nodul ated signal to arrive at the receiver at
slightly different times. This tenporal pulse distortion |eads to

I ntersyrnbol interference and effectively limts the nodul ati on bandw dth
avai l abl e through the fiber. The dispersion experienced through a given
fiber is proporBINERBCTIONGL PIIRERSIDON IQMBENIATICN 2X8TEMe | ength of the
fiber. A typical single node fiber will exhibit a dispersion of about 17

pi coseconds per nanoneter per kiloneter (ps/nmkm at a wavel ength of 1545

nanonet expsgrpherdTHEeINVANTLOENges with,a positive sl ope of ~ about 0.09

/ k h h h I h
1580 nm L he SHRDryRres P RBr I RHLr e ARIE SHRESAAY OF of about 184

ps/nn}ltdus@ﬂessohutbmneneathenhughoptspeﬂscgmmunﬂaaﬂxun$tsmsLemstyp|ca
fibers a u t gth I n shifted
fiber. DPEgereran et iRl PYE, £8P SALBERSED, UehutiRat s Ol SRESEERT Sero
di §per si <£n>ratusa vway el sagiiest iabalit oRSEGaAmMCORIWiERL idiper s bAtshi f t ed

fiber still has a delay slope, which results in nonzero dispersion val ues

at all ot her wavel engths, |~~~y~~~~ Hn | MB~| ~~b~ .o WO 99/ &x2U2 2
| FC~ r/usﬁEﬁgBéfllgu—%~—IHE—EBlQB—AEI

In a long optical fiber communications link,

chromatic dispersion of the fiber media causes portions
10 of an intensity modulated signal to arrive at the

receiver at slightly different times. This temporal

pulse distortion leads to intersymbol interference and

effectively limits the modulation bandwidth available

through the fiber. The dispersion experienced through a
15 given fiber is proportional to both the wavelength
carried and the length of the fiber.

A typical single mode fiber will exhibit a
dispersion of about 17 picoseconds per nanometer per
kilometer (ps/nm-km) at a wavelength of 1545 nanometers.
The dispersion changes with a positive slope of about
0.09 ps/nm-km per nm as the carrier wavelength is varied.
Thus, at wavelength 1560 nm, the same typical fiber would
have a dispersion of about 18.4 ps/nm-km.

One solution to the high dispersion characteristics
25 of typical fibers at currently used wavelengths involves

the use of dispersion shifted fiber. Dispersion shifted

fiber is constructed so as to have nearly zero dispersion

at a wavelength of about 1550 nm. However, dispersion

shifted fiber still has a delay slope, which results in
30 nonzero dispersion values at all other wavelengths.

T LT
*G00002* ////Il/

*166166*



' Thus, dispersion shifted fiber offers only imted relief in a 17 0CT 2002
. ~r~ulti-wavel ength environnent. A substantial anobunt of e~tisting fiber is
of the nondi spersion shifted variety. Engineers have sought 5 ways to
expanawore61282f ul ness of these installed fibers rather pdEosyvapb@mci ng them
" One conunon technique is to incorporate dispersion conpensation into the
regenerative devices that are spaced along the fiber path. F or this
pur pose, a special dispersion conpensating fiber iDCF) 10 has been
devel oped. One comonly avail abl e form of di spersion conpensating fiber has
a dispersion of -BO ps/nmkmat a wavel ength of 1545 nm and a negati ve
sl ope of -0.15 ps/nmkm Specific lengths of DCF can be inserted
periodically into a fiber systemto reduce the 15 dispersion effects.
Anot her vy, Of J3ef e%mo@lg s‘ﬁﬂlsﬁ%%é'ﬂrb&o%’@f‘é%'Qﬂly”YJQJnYEédt bgiyse of a
Bragg grating or dispersion conpensating grating. A dispersion conpensating
grating il @& [merddgr weveliemgty (R kPR i ndex of refraction of 20 the

fiber varies al S@IRGIRGSPGIAN: aépr@xm@lhgngabe.eflghsff Lher. which
causes selective reflection of wavel engths that are congruent to the

grating %s&g—rw FrSperss off Titipens PSRN ERPs @V FeEPUPS tenpl oyed by
prepar i ngva%/s Cthj reigdind ither Weond s i 6 thakehags2hlyeaddabkysi ncreased
spaci ngs er | engt.h. . Thi s .causes_shorter vvavelg gt hs to travel

furt her S TS SRS b i at | 3F | PBEPOBeF SPERREPRG *PefPect ed.

Ther ef or er,ncs:imrctrertarvaineslmrxgﬁ:lm widtpexpatiencéntonger tegeekrtitiws. By the
aPPr OPT | 3 REl LlLAN e |GnOLdy Anth 30 £AROE: 8Ly SPAERNISko? digRersi on

corrpensatl ng gratl ng can ustom zed to conpens fOI’ a %I ven di spersr on
char act ermsrmccserAare%ﬂqvér ﬁwrswgp@%?eﬁsrtrna EfbgmodDCE) ~ - ~

116 OCT 2002 bedtD BO/GHHEE | ' @de / 468R6MUH70raB168TBEAS RN I&ﬁ gr ating can
repl ace tens of kiloneters of, di gpe}Esr on coa snsatr ng fib | n Shi gemat su,
d

et al . USSSHSHERN SRPPHISAILYS fErB2F s2dFLEPELEECR O ror?r?tr c
di sper si grs fonlensat o wavdistngonbo fiess 4s spar andnaco&gerusa'ter rzg. ofpieber Wi t h
di sper Si ol cqyrpen 3;% 1G5 at i%% {; gccj]élqgghgc | pper gf_:lolnb(‘eorrpensat or of

i ca a

the ' 188 patent es, an o circufator having first, second, and
third porltlsf*-"e’?ic'na rﬁﬁ}{qu’%ﬁi’slrﬁ%s}%‘rlopétﬁlb§r06bfﬁé€f“e&°t Feches ithet port 10
ang an oudjspeddinisrafdas path is connected to the third port. A

di spersi on conpensat.in rating ks coupled to the s cond part, through a

| ength of di sggrforsgs}b c‘g""ﬁge"ﬁ% ‘79?1%)0?'?%325_3%?%885?%8& Sﬁeélgr%’éﬁ&atr ng fiber
and the chmp@r@&rthmmsaﬁimnga%iggahame olr dmprecrsjrﬁmr spersi on
characterj 19-955’5' t r

char act err@ﬁ%@ %c;ﬁ%gérﬁn ut” an o%%%@tat:?rggnsms :elg)%a ?%99%(3%& cgal signal s
recei ved B% %hbeﬁgtr%to%oﬂb%’f tRevwbpehcihecingderacdr r@rfé’a(ﬂﬁlpm afo the

digper si OtE‘héofTﬂ?é‘:.S&&éflﬁeé'&?rs@Décééépﬁb%Qﬁg%oaQQJHéerES)@ '1@1@{1{3‘"6@9 at the
second port The signal] undergoes di sper.sion co1 npensation as 1t travels
d ¥

al ong the E?S‘E)’ek?”s’r‘o WD TR ?'ﬁgs?FSSFlé{ﬁ S5 Perdct s with the

di sper si onaeahpensias i tigagrate ngonFheeds per sihen geenyiens digngi gy at i ng

ef fective r e, r t d| sper Si o conmpensating
fiber to %%e (gieécggr%&.‘é%or‘?&ggﬁéaggﬁpénggg‘gd%#éc4] rece'ﬁ)\ejle ]fbhe second
port is opreparingtée”outppedtr éﬁrbﬁirsﬁtraggpgrratamg Hehathihads port The

chsgmal | o4 3es 5 Ol PIPERS A B cIhothe1 Hip A Aingigfluces,by half e

required I spersion ensat | ber ditionally, the
conpensatFéﬁsﬁﬁo%h@éﬁeﬁywﬁﬁ%lﬂpgﬁéﬁsﬁénﬁﬁﬁﬂéiﬁﬁﬁ#qﬁfEﬁ%ﬂwmgth%duces
subst anti ahbyewechea@&@e@éatmagdlfaoerrs HRIF GEMANSY I FF 0L atdNg necessary
to achrev$ ensation

he ore, shorter wavelengths will experience longer

travel times. By the appropriate selection of length and

30 range of spacings, a dispersion compensating grating can
be customized to compensate for a given dispersion

characteristic. A relatively short dispersion



‘r WD'99/ G2202 f'C 1'/1~SJ' J/1US7U 4 Currently, there is substantial {piperes
-in bidirectional optical communication systems, in which optical signals
are transmtted, simul taneously in opposite directions over the sane optical

_fiber Wwotgogpsai ssion path. It is an object of the prese$%Thgg§ﬂngn to
provi de a dispersion conpensating device for use in a bidirectional optical
system ST~[ ARY OF THE | NVENTI ON 10 The system of the present invention
provi des bidirectional chronmatic di spersion conpensation to a first optical
signal carried in a first direction froma first optical transm ssion
mediumto a second optical transm ssion nedium and a second optical signal
carried 15 in a direction opposite the first direction fromthe second
optical transm ssion nediumto the first optical transm ssion nmedium The

system of the pr t | j includes an optical.circul ator_that
hol udesCPBRFRBAFEaT RTPIIal Gom HPIASl ST ¢t e FrPEr e Bhct al
t ransni sdiepezeimadicompandatiac filteport is coupled to the second optica

transm ssi on RRdEHRLeMakistSt < SREr S§ .o GUMaNsald NG o i gsi s coupl ed to
t he second port, and a second di spersion compensating grating is coupled to
the fourERepEr£5 98SFHESES & BRAEHisiGrRe Sl @urfPBIeRF2EOFi rst optica
bapd andchhe seabAfeapdicdlersiignmlcdtpaaddd Bty iNiveseeppd optical band. The
first diagersion conpensatin rating is opﬁiative to reflect wavel engt hs
in the f §PESBPPEaF°H§ﬁES%£iﬁ§tﬁ?%ﬁiﬁﬂmﬂcﬁ ST RF YR tbrpensat i ng 30
grating tdisepesabnyvedcnpensftent ofaveienygshsphbehhe ianetodeésoptn cal band. The
first di spenslon -Gompansanl na.onal iAg-ls, substantialdy.Lragsparent to
S an

wavel eng in"the second optical” band, e _second di'sperston
cbnpensafingnpur GrerFFEEEon \We Wy /i mmmeered ' foohe 18676L gpartng i s

sybst ant hald ¥nt bakpRar ettar=miviRiegdls iH sondedtésttopthealnhand. The
tpo the sgggnd port of the

first di [ t ti . | ed
| opti caP ST cul-afor RCOTgh T SECHAT A DTS S CONBERSatPhg or ati ng

and a di sper sieepndompeens &hinwydh Ferleith |af | §ispéressecond di spersion
conpensat.| L2k 1S yeupl h first

di sper si %h’ﬂl ggrrlpsgﬁég%l r%,grati ﬁlgjéagidiﬁegﬁé%g?%%n%%ﬁgg Sg%lgﬁa grating. C
i J BRI EF2PESERPPRESPEISIONTHPTRFNIANGY MERE Y have shberaliggram of a

biLgi r ect GaB@le reRonC AhaceEney adi @NSc IS tLre assebEing Eoohhenpr esent
Inventloghromatic dispersion characteristics of the input and
output transmission paths. Optical signals received at
the first port of the optical circulator are output to
the dispersion compensating fiber and dispersion
20 compensating grating at the second port. The signal
undergoes dispersion compensation as it travels along the
dispersion compensating fiber and as it interacts with
the dispersion compensating grating. The dispersion
compensating grating effectively reflects the signal back
25 through the dispersion compensating fiber to the second
port. The compensated signal received at the second port
is output to the output transmission path at the third
port. The chromatic dispersion compensator of the '188
patent reduces by half the required length of dispersion
30 compensating fiber. Additionally, the compensation
provided by the dispersion compensating grating reduces
substantially the length of the dispersion compensating
grating necessary to achieve compensation.



15 Figure 2 is-a block diagramof a bidirectional chromatic dispersi@riCT 2002
. conpensating device according to the present invention. gESCRI PTION OF THE
PREFERRED E[ ~BODZME~I T 20 Referring now to the drawings, and first to
_Figure ptical systemaccording to the present inyentij ‘1S

desi gngtaoedﬁdgaze(%er ally by the nuneral 11. System 11 is bi 58.!@8?‘?’5%3 in that
signals fromWst to East are transmtted sinultaneously with signals from
East to West 25 over the sane optical transmission facilities. System 11

i ncl udes one or nore West-East optical transmtters 13 and a correspondi ng
nunber of optical receivers 15. Each West-East transmtter receiver pair
operates on a unique wavel ength. Accgrding to the present invention, the 30
West - East transmitters 13 operate in a first band of ~ ~ o0 ¢ T Zoos

wavel engths. gystemeid altﬁ@rb”@'s“@ﬁ%s@ﬁ%tciral”ﬁrrx%eE%%tt west opti cal
transmtters |17 and corr.espond mg of r WD 99/ 622U2 6

1' C f/ US99RAEB2010pE c QPELERLT FamE i’@caﬂdgi“n SYSSEMSEadtt MEG transmitter
recei ver opaitadpeighedsoara ufhagaivaed, @ﬁgﬁhtméomﬂyEa&t Vest wavel engt hs
are grouped into secgnd band oft vel engthz_ tc[aﬁt fé} different fromthe
Viest - EasPPBaRAEEF S IREVEPRRGPNET rsgﬂ‘gmﬂ T~ West band may be at
t he | owetrendmiakstiom PaBG.NnmItto 15560 b ectbrdfl whrer thagsdny{ e. g. 1530 nmto
1545 nm) a t 0 nmto
1560 nr }?‘Og 53%{‘% p']::%%rldlté %edrﬁ ?%é‘?%mé\%g‘\p%%%ﬁ'l leo'(sel%oln Ogérrgl tipl exor
21. Firsusgadsl @n@tllﬁilé‘e\ﬁtép@ﬁlnmpttllﬁlaéstzlﬁlml ti pl exes the signals of the
Vst - East transmtters 13 onto a single fiber optic transm ssion nmedi um 23.
Wavel engt h di vi si N Y 21 al so demul tiplexes East-Wst signals

r écei ved=oH 6Pt Ea—fiber-trarsh ssi on 15 medi um 23 to East-West receivers
190 System llTaxlesmyst@krucd:eis tzhesmrsdemmw.eimginlmmmmwmeg nul ti pl exor 25
that is a f u 7. Wavel ength

di vi si ong(ia EI g)?é{r%l %h%%l%{ egéls% axlss!t’l rsgt&@je naﬂrﬁd# rorgrﬁ?t Fansnitters 17
and derruhfttn-’plte)@e%'—m@sh s&malz@agirgml i@ r@d@ﬂ\/eirls?-’el@:l@ysflemda i ncl udes
at | east fQQ‘gtbngtrl%tll Q'}%'ns(ﬂﬁtés‘?@n TR ilunt &6 20 dhdind o gouphed to opti cal

fiber transm ssion ne directiopal optical, anplifier 29 is coupled
to a bi dFFEBEMHFALM é’b"é"é‘\ na)r?pégﬁscﬁq PR Rdvite™ Al gaerisfst ruction

and oper ani anddfr<utdidre eippaizdlt editdee rfsixat ai)mm:tmam nBrsieviice 31 will be
descri be ety r gi.,naf v 131 is
coupl ed g&‘:@&g‘ cg{éjffgg'e?c t?lés%@msslgrgﬁ%{d}‘gpum 2 %%ugé %8gonl y a

si ngl e opriroEmisaddr imgdizm.ande0 spisdieeaf dim Rﬁw%l bmvevhpensat i ng
device 31 an@ddd ust IH8tal acdiale g %é&%néﬁ)@é@' c@@f' gakramplifiers

and bidirectional dispersion_conpensati nig
first port is coupled to the 1rst optlcal transmlsSLOn

20 medium and the third port is coupled to the second

optical transmission medium. A first dispersion

compensating grating is coupled to the second port, and a

second dispersion compensating grating is coupled to the

fourth port.

25 The first optical signal is carried in a first
optical band and the second optical signal is carried in
a second optical band. The first dispersion compensating
grating is operative to reflect wavelengths in the first
optical band, and the second dispersion compensating

30 grating is operative to reflect wavelengths in the second
optical band. The first dispersion compensating grating
is substantially transparent to wavelengths in the second

optical band, and the second dispersion compensating



't WD'9J/62202 7°1'C 1'/US99/ 1 057U devices might be positioned al ond % D&l 200)
-path between tile transmitters and the receivers. Referring nowto Figure
2,~ there is shown a bidirectional dispersion conpensating device 31. 5
.Corrpenw@tgit)mgzudevi ce 31 includes an optical circulator 33 ggj)%gﬁt or 33
includes a first port 35, a second port 37, a third port é and a fourth
port 41. First port 31 is coupled to a first optical fiber transm ssion
medi um 43, (- and third port 39 is coupled to a second optical i~

transm ssion nmedium45. Optical fiber trallSIITI1SSI Ol medium43 carries an
i nbound West - East signal and an outbound East-Wst signal. Optical

transm ssi on nmedi um 45 carri es an outbound West - East signal and an i nbound
East - West signal . 15 Conpensating device 31 includes a first dispersion
corrpensaBFﬁél@tgathsnéubﬁtéﬁéléléé(céﬁén@mm ¢® cevedeetilng fmati ng 49.
First di %ﬁ%snfqeseoma&em wn@r at ifh@ 44rsy mlsprhad dp reflect wavel engths
in the West-East hand, a& be transparent to wavel engths in 20 the

East - Vs COPRSES§IRY g ln?e&&n&"éhpsﬁéir §i% i PeomFErist iBRFgraf i Hlae 49 i s
seIectedopmlmeﬂl@mmcmmaebengmhﬁuqh the E&%bﬁﬁbﬁhd%ﬁﬂkldﬂﬂ to be

transparent to %% g‘n st - East, band. First disp r5| on
cohpensating gra (?e sec g 5 speEsardt &P l?cﬁ?pg&fs"aﬁ?n Bf4ting 49
are coupISedlltl@gé-WherCHEhﬁ@@@hldaldlapgmpmnatc@mp@mgtdtJm‘g cgzsqmeizsg obs
corrpensatcloﬁg,lfeucpe._ro %l Fflorusithdlpsﬂer %Ih%u%%mhr * 1hrn‘:8:| ”:95 47 is coupled

to second port 37 of optical circul ator sper5| on corrpensatl ng
fiber 51CRATRIEESARBTTHLHS $ngh t@@nﬁeﬁmllsfig?mmﬂimglaﬁgil@ mlarly,
second diggerizicon conpensating grating 49 is coupled to fourth port 41 of
optical circulator 33 through dispersion ~ ~ ~~ 202 1 7 OCT ?00? WO
997'62202 0 I "CIl/ U899/| us70 corrpensatl ng grating 51 and first dispersion
conpensatEiig z Q ; AW INGShound Westi - East signals are

received at f' ruﬂ:%r thé Qf bqgtcllc(:ln. glrréﬁ o 3% ase s 29na| S 5 are

out put at second port 37. Since secon per si on corrpensal%l ng grating 49

i s transpRtETEl FAREISIFRES ﬁYtSﬁ€“\/‘é§tC-°Eé3§{ngoa\-mj thehazees@ivel engt hs pass
t hrough sese@mtidnsper si on conpensating grating 49 and i nto dispersion

c ensating fj.ber t.0 under irst neasure of 10 di spersion
cgggensatlon Flﬂgelﬁﬁaéell@nﬁt I’d?plc?%%pgﬁéﬁF§“‘o1° 5 e hAsEesisiond hnal are

sel ect i velhyrcaad itcu v sgiefrisd omn tdoaipley siaefilngc et lice faddairdiispetsi ORe
corrpensa{ﬂlré% iR AL S0 achieve a second neasure of dispersion
conpensati e relpl ected signal travels bac)c through 15 di spersion

conpensating fiber 51 where it undergoes a third neasure of dispersion
cor npens eIk bRH o MesiPass through second

di,spersion co sat at "40 and re-enter. o tical circulator 33 at
sgﬁond port S[ﬁD 36\9?5’%’% %%é:ke EXewisigfngand first to Figure
1, an optlcal system according to the present invention
( is designated generally by the numeral 11. System 11 is
bidirectional in that signals from West to East are

transmitted simultaneously with signals from East to West
25 over the same optical transmission facilities. System 11
includes one or more West-East optical transmitters 13
and a corresponding number of optical receivers 15. Each
West-East transmitter receiver pair operates on a unique
wavelength. According to the present invention, the
30 West-East transmitters 13 operate in a first band of
wavelengths,
System 11 also includes one or more East-West
optical transmitters 17 and a corresponding number of




.20 eXits optical circulator 33 at third port 39. Simlarly, an inbodrtd}(T 200
- East-West signal is receivedt at third port 39 of optical circulator 33.
The East-~~dest signal exits optical circulator 33 at fourth port 41. Since
Cfirst gis on conpensating grating 47 is 25 transparent to wavel engths

in the é@ﬁE%@st band, those wavel engths travel through G e¥d¢¥persion
conpensating grating 47 and into dispersion conpensating fiber 51. The
wavel engt hs of the East-Wst signal axe reflected and undergo di spersion
conpensation in second di spersion 30 conpensating grating 49. The refl ected
East- West signals travel back through dispersion conpensating fiber 51 and
first dispersion conpensating grating 47 to re-enter optical circulator 33
at fourth port 41. 11m out bound F 99/ 202 9 I'CT/US 19/ ( Us711
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f or egoi ngF be®seen”t =i at préSent 1nvent1 on provi tLﬁlspersmn
conpensareOﬁLVQrapSlﬁl@P?éét?énén §yymemméﬂwﬁwﬁkﬁn§ﬁh|@m@nth@n uses a

single OﬁééEakeétrgﬂbéleﬁgéﬂg arE'QQd%qi ﬁﬂdtdﬁa(%éﬁﬁﬁé'BQnHOBPensat'ng
fiber to provid Eer5|on conpensati O both directions. Myreover, the

conblnatWBHeéﬁnﬂﬁésd §Béréﬁoﬁl@5ﬁﬁ€ﬁ§a@ﬁﬂfgﬁ@ﬁlW@%toﬂa$i PRBApPESent
;W%entloﬂaﬁ@ﬂﬂﬁgﬁhby habt Ehame@UIMﬁﬁ&?ﬁﬁH*WéﬁLC%&@@rﬁa?nbéoaﬁensat|Pg
iber. ~ ~ a z to Wat_is clajmed A system f or
prOV|d|nEhEhiBHEFlEnélQSngFoﬁégﬁnﬁ@héé&|%ﬁ§§<§“& f%?g%u%ppﬁﬁg si gnal
carried i8.g.fLESL apt tealshandm)n aad vt Whdection baee aafi bst optica

transm ss medi um t cond tlcal tr SSi n medi um and a second
opti cal # EQF EBPFFegn?nﬁg ec&% oﬁ?\cé?qgﬁa% nm a direction opposite

sdid first d|Sgetbmnlﬂr@npéad@ss@cdmianﬁwaxél¢m@mbndssiemonediun1to sai d
figst Op%hﬁﬁ#P&E§B§”bss'0@1%%@'%%hé@@dﬁEHxHEVi§§§n ﬂﬁleﬁgh%§5r0b59”|at°r

i ncluding a a second port third and ourth port
sai d f|r@Plﬁépﬂeﬁéﬁnéh@oﬁﬁﬁéélﬁoC@mﬁ?ﬁ|W%ﬁttﬁﬁ$%aﬁrﬁﬁﬁﬁéﬁﬁ§§ﬁoﬁ3nedlunland

sai d secghRéopar kihgileg FepEp! eptliec THLhHEICHbOPheéghmt paNsSM ssi on nedi um
Wavelength division multiplexor 21 also demultiplexes
East-West signals received on optical fiber transmission

15 medium 23 to East-West receivers 19. System 11l also
includes a second wavelength division multiplexor 25 that
is connected to an optical fiber transmission wedium 27.
Wavelength division multiplexor 25 multiplexes East-West
signals from transmitters 17 and demultiplexes West-East

20 signals to receivers 15.

System 11 includes at least one bidirectional
optical amplifier 29 that is coupled to optical fiber
transmission medium 23. Bidirectional optical amplifier
29 is coupled to a bidirectional dispersion compensating
25 device 31. The construction and operation of

bidirectional dispersion compensating device 31 will be
described in detail hereinafter. Dispersion compensating
device 31 is coupled to optical fiber transmission medium
27. In Figure 1, only a single optical amplifier 29 and
30 bidirectional dispersion compensating device 31 are
illustrated. 1In actual practice, several optical

amplifiers and bidirectional dispersion compensating



~a first dispersion conpensating grating coupled to said second port,134id 2007
first dispersion conpensating grating being operative to reflect
wavel engths in said first optical band, and said first dispersion
conpenwat®waLgoyr at i ng bei ng substantially transparent torawvedaogihs in said
" second optical band; a second dispersion conpensating grating coupled to
said fourth port, said second dispersion conpensating grating being
operative to reflect wavel engths in said second optical band, and said
second di spersion conpensating grating being substantially transparent to
wavel engths in said first optical band; and, neans for coupling said first
di spersion conpensating grating to said second di spersi on conpensati ng
grating. 2. The systemas clained in claiml, wherein said nmeans for

coupl i ngdexiigeli mdghgi HeePisert icmasers@nndg- e avdHy botwesd Skeond

di spersi @R comReRsald RGPt NG dNcldides: a di spersion conpensating fiber
coupl ed between said first dispersion conpensating grating and said second

di spersi on coMgERIAY PPatichd 1T e D, di Rt i bRHaFleWt ofati ¢ di sper si on
?pﬁpensawi@ar@@&abgltaqs,di\dnimi@frmd dx@ﬁ&;‘s@%ﬁw;a@m%@i zcul at o_rdi ncluding a
irst port a second port, a third por and a four ort ai irst port
adapt ed F@W&?Qﬁﬁ%ﬁ%§; %¥%$%i#lle§;§%§ﬁ ??a%%h%%%ioﬂPﬁ%H%ﬁ ﬁnagsaid
second p@itrcadaiozd 330 ivelowlgd ed firsc semond3 Hpt & caecondnsorssion medi um
a first d 3parst on.comuensald no grating,couphed to; said.second port, said
first dispersion“conpensating grating being operative to reflec
wavel engtdesiplieda tio estf gt citical 7L ey T zausnhspaed, naddusat d, fir st
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45 carries an outbound West-East signal and an inbound
East-West signal.

15 Compensating device 31 includes a first dispersion
compensating grating 47 and a second dispersion
compensating grating 49. First dispersion compensating
grating 47 is selected to reflect wavelengths in the
West-East band, but to be transparent to wavelengths in

20 the East-West band. Similarly, second dispersion

_ compensating grating 49 is selected to reflect

( wavelengths in the East-West band, but to be trxansparent
to wavelengths in the West-East band.

First dispersion compensating grating 47 and second

25 dispersion compensating grating 49 are coupled together
through an appropriate length of dispersion compensating
fiber 51. First dispersion compensating grating 47 is
coupled to second port 37 of optical circulator 33
through dispersion compensating fiber 51 and second

30 dispersion compensating grating 49. Similarly, second
dispersion compensating grating 49 is coupled to fourth

port 41 of optical circulator 33 through dispersion
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second di spersion conpensating grating includes: a dispersion conpensating
fi ber coupled between said first dispersion conpensating grating and said

~ secondvdivgprosi on conpensating grating. 4. An optical cemmusyygatigon system
whi ch conprises: a first optical transm ssion nedium a second optical
transm ssion nmedium an optical circulator including a first port, a second
port, a third port, and a fourth port, said first port being coupled to
said first optical transm ssion nedium and said second port being coupl ed
to said second optical transm ssion nedium a first dispersion conpensating
grating coupled to said second port, ssaid first dispersion conpensating
grating being operative to reflect wavelengths in a first optical band, and
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West-East signals pass through second dispersion
compensating grating 49 and re-enter optical circulator
33 at second port 37. The outbound West-East signal
20 exits optical circulator 33 at third port 39.
Similarly, an inbound East-West signal is received
{ at third port 39 of optical circulator 33. The East-West
signal exits optical circulator 33 at fourth port 41.
Since first dispersion compensating grating 47 is
25 transparent to wavelengths in the East-West band, those
wavelengths travel through first dispersion compensating
grating 47 and into dispersion compensating fiber 51.
The wavelengths of the East-West signal are reflected and
undergo dispersion compensation in second dispersion
30 compensating grating 49. The reflected East-West signals
travel back through dispersion compensating fiber 51 and
first dispersion compensating grating 47 to re-enter
optical circulator 33 at fourth port 41. An outbound
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1 mlO%; (hention provides dispersion compensation in a

5 bidirectional system. The present invention uses a
single optical circulator and a single length of
dispersion compensating fiber to provide dispersion
compensation in both directions. Moreover, the
combination of the dispersion compensating gratings of

Ly the present invention reduces by half the required length

of dispersion compensating fiber.
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stem for providing c omatxc dispersion compensation to a first optical signal
carried in a first optical band in a first direction from a first optical transmission medium
to a second optical transmission medium and a second optical signal carried in a second
optical band in a direction opposite said first direction from said second optical
transmission medium to said first optical transmission medium, which comprises:
an optical circulator including a first port, a second port, a third port, and a fourth
port, said first port being coupled to said first optical transmission medium and said
second port being coupled to said second optical transmission medium;
a first dispersion compensating grating coupled to said second port, said first
dispersion compensating grating being operative to reflect wavelengths in said first optical
band, and said first dispersion compensating grating being substantially transparent to
wavelengths in said second optical band,;
a second dispersion compensating grating coupled to said fourth port, said second
dispersion compensating grating being operative to reflect wavelengths in said second
optical band, and said second dispersion compensating grating being substantially
transparent to wavelengths in said first optical band; and,

means for coupling said first dispersion compensating grating to said second

dispersion compensating grating.

2. The system as claimed in claim 1, wherein said means for coupling said first
dispersion compensating grating to said second dispersion compensating grating includes:
a dispersion compensating fiber coupled between said first dispersion

compensating grating and said second dispersion compensating grating.

3. A bidirectional chromatic dispersion compensation apparatus, which comprises:

an optical circulator including a first port a second port, a third port, and a fourth
port, said first port adapted to be coupled to a first optical transmission medium and said
second port adapted to be coupled to a second optical transmission medium,;

a first dispersion compensating grating coupled to said second port, said first

dispersion compensating grating being operative to reflect wavelengths in a first optical
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4, An optical communication system, which comprises:

a first optical transmission medium,;

a second optical transmission medium,

an optical circulator including a first port, a second port, a third port, and a fourth
port, said first port being coupled to said first optical transmission medium and said
second port being coupled to said second optical transmission medium;

a first dispersion compensating grating coupled to said second port, said first
dispersion compensating grating being operative to reflect wavelengths in a first optical
band, and said first dispersion compensating grating being substantially transparent to
wavelengths in a second optical band;

a second dispersion compensating grating coupled to said fourth port, said second
dispersion compensating grating being operative to reflect wavelengths in said second
optical band, and said second dispersion compensating grating being substantially
transparent to wavelengths in said first optical band; and,

a dispersion compensating fiber coupled between said first dispersion

compensating fiber and said second dispersion compensating fiber.



