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WD 2006/ 074020 PCT/ US2005/ 047318 OPTI CAL RECEI VER
Technical Field The present application relates to
the optical transmission of information and, nore 5
woNkbaearly, to a receiver for differenti apcpigngsinsrsis
shift keying formatted optical signals. Background
Very long optical fiber transm ssion paths, such as
t hose enpl oyed i n OREXMaRECEIVERNIScont i nent al
terrestrial |ightwave transm ssion systens, are
subj ect to decreased performance 10 due to a host of
i npai rrents that accufdhghi&liddo the length of the
optical fiber in the transm ssion path. The source of
Theeyesentypplication relatgh tothpoptics] ragswissian af tifermatibn and, more

. Jincludes . aml i.fded. nt.apeaus. em ssi.on ((ASF). noi se
paricuyB by 85 A0 B SRR S AR AL
nonl i near effects caused by dependence of the

single-node fiber's index on the intensity of the
| i ght propagating thr oBgRkgreundingd chromatic

Ji . . " !
PR al P R BHRR Al BEPH s B m emdorsca or
transcotiimenteldictrestuigl Lightwawa rahsemsgidn spistems, iapmsubjeod tidetreased performance

.Syste ere several optical .channe ar.e._on
due to 408 A RIS A pR R E oty At o B ARG BadlEaRp,
transmibsih fdattd The Souebf {REB impdichentsGRhiR € sRERaRIBAbAE] includes

D stortions of the received waveformare infl uenced

amplifigsl speeisnegns ehissine (APBmsesn@pied inmarbivas Doped FibersAmphifiers
h f i | : ;
e 1088 e LABIPEL 0 it 195 040l ARG, o

intensity %‘]@ ;igﬁﬁﬁ%@gmﬂmmgm ft,sanidtchm?haﬁu gﬁperbigp thicheduses ddfegent
. 0 Wt the ones_and zeros Qf a t.a. DI stream

optical GUEPTIEHR NG AL RiFEP Eefiesal HGiogator Bpyelgfeth division

multipl¥&h l(\'z\*ﬁh@)(‘gn}steﬁﬁ I Rds ?eV%Hﬂ: BptRs1 dRehitidat 8 4RI Bmb Fhen, crosstalk

Non-Return to Zero NRZ) “and Chirped- Return-to-Zero
betweerf GRAYelS cruset by, thShihen' snduyinear indax R Heqrols emadine

ransm tt.ed opti cal | ses da not.ocecu the entire ..
DlPoH s o e b RS e P ol REARY 1A FfsGon fine, s
well as MehgRSrithe waniBHtci@uI¥ed. Kitwmdphd-Ball sitdnicitave Seddditpletented
constant val ue characteristic when consecutive_ binary

using OgrfdE-Keyine@RK). Wheraindpi Fageaticg piise is tuage An aad @Ryt 4he ones
e HeSHRTH RS L e B R Rt 0y of well-down

formatskmyeh g R 6RBKio-Zao GRB), Nen-Rendu teeféro (NRB} drdd_HirpedsR etupn-to-Zero
hose af ordinar kill in the art, In. PS .
(CR2) {oi PP B o the it tcrd B4Fep o prigsaupy the entie
bit periéd {IGERACR TR bk W RHdabaR Bitd, vherdds TRENRP Gk the optical puises
carrier. PSK may be inplenented by turning the
have a ¢ongipstivetuechargeienitichwhen cpmsseutivh dinarst aues are s_ent. In a chirped format,

such as CRZ, & bit synchronous sinusoidal phase modulation is imparted to the iransmitted

Ol

pulses.

Phase Shift Keying (PSK) is another modulation method known to those of ordinary skill
in the art. In PSK modulation ones and zeros are identified by phase differences or transitions in
the optical carrier. PSK may be implemented by turning the transmitter on with a first phase to
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WD 2006/ 074020 PCTI US20051 047318 indicate a one and
then with a second phase to indicate a zero. In a
di fferential phase-shift- keying (DPSK) format, the
wOBkdseMo2d Ntensity of the signal may be hel dpeprSioasbsrsis
whil e ones and zeros are indicated by differentia
phase transitions. DPSK nodul ation formats include
indicatqRzeneDRGK)enwhitr ejegord prasanorindicate 2rao.ahyd diffackatial phase-shifi-

. . e ' ) L -

ceing YA b o oRTRPS  Rod  BeitcBcs

zeros afdRfdibadd Wdifrerenmd phas RaditskU DESKaEYANHRGSSrmaY Btlude RZ-
other formats in VWDM | ong- haul optical systenms. For

DPSK, ashaipl atetispipaire amplivdorodmztionip grrarisd ie afiPSK signal, and CRZ-
ppsg Provides a significant reduction in the required
‘optical signal-to-noise (OSNR) for a particular bit
érimo beehatw@g(iBedRhat ths RZHDPSK sycdtiation fohat g padtictlgr alvantages
- DPSK 1 ulatiqn t.o WDM optj cal signals have
over otﬁééwnﬁm| OB @i“?@?al E6HRSy P%\?’fa&ii%eﬂc@iﬂpamg to OOK, RZ-

DPSK £:88R8ktnarb A fes ARk DML A k&b @Phe ¢@fuireh 9PRlaP sighdt-to-noise

i
known. “Known recei ver configuration have | ncluded

(OSNRy fariagatticalag bie bwsent wied BERY o Ap Sitbrysteme £9r inpading o REG-DRFK

i 2 g ical fib lifier,
A R

Passvdr ichififurdtions fog dombigaitigt DRFK hataaee bpeoal sighal fie known.
anplified opt.ical siqnal, a tunahl e 15 opti cal )
Known; regeisier eqriigpiagpn havrdpclydedprien AuGelaritiett comppenents such as an optical

amplifibs) E.g.f g &‘Jp@HB{a al ﬁ@é}%nfﬁlﬂ% ko RALIAD ?ﬁ?ﬁ&%a %gﬁ al sfgﬁél a tunable

converting e optical oltput's o e interferdneter
band pas fitierdfor ehvewingiontdf iwing naise fropriesemliicdwepticd] sighllea fimable

s TS T4 S AR AR e o
for confrérﬁﬁ?ﬂt]]ae BRG] DapPeks VeHR! 1RBGirBmeleNin@ dred) Qe bighA bpresentative of
en

gth, receiver optical power |evel etc. I's _
the modideted dag y Steblenh jasqmate pettingd! thy eperaiinBERIntHontheaeceiver

t ' [ u L UL | ces.. .
commof i R b ShA0 R AL LAGH IR S ERAEERiver ot pove
level etofie hadessaty tp achitw dptimaV sysiem BERYr diyweaveq &icioreingluding

af fecting recei ver performnce. To activekéicontro

manufacRiing talerpures, SEGR SFHTAHY P EAPYIBE eRfERg Points to
vary, b 86daR9elf LRk 1L QARS pdRNBRECTL ARES TR QGhe KRGVH

conirol |oop configurations have, however, relied on
compongmtsapeiatipgpoipia skundard digheringtcontae] logps hatfepan implemented. Known

to receiver and/or require additional co ex.and
control gt eRE fentSiord ot bo T4 reed TR et pEERYE 4 an vry from
receive RGEQRRE Bnd/QGEHMRS adBRIChEIRRNRS anf BXpefN S RAr8wAREn KBAMA path
nmet hod of controlling receiver optical power includes

causingdegispser Feoskyer pHEOIBARGBUt power of an opti cal

3P e B R E G2 b0 At g
the outpw poiwerasf aaopiod maphfitr] which spherehtlpinchudes thh et df adignatand
wideband ASE noise. Another known method requires an exira optical splitter and photodiode at

the optical filter output. A known method for controlling a DPSK interferometer includes
providing feedback from the DC bias curent of a subsequent photodiode(s). However, the
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the optical filter output. A known nethod for
controlling a DPSK i nterferoneter includes 30
provi di ng feedback fromthe DC bias current of a
subsequent phot odi ode(s). However, the 2 baseband
feedback froma DC bias current of a photodi odes
depends on an "uncontrol |l ed" data mark-to-space
ratio and may be zero in an ideal case when the
b R e g P PN S O ol Al da
mark—te-opago regiotagd (R be debag b idsp! dase dmmthp atatk-tossphee ratio is 1:1.

dition t ontr II| ceiver co onent operatin
AnothePitinReng pERais0 Bt 3 B hs o n A B A ip FELfomponants (RE
detectofsh AN@kLRS 1 n the signal at the input of the
receiver. As is known, optical transients in

bpadddwinlty c@ﬁ:@ﬂamptq:efivee dompensnyeresating poipoy, 8ns advlahtpgeous to

control l%gt%a %%rg 5 %ﬁ-grstlgng[@t(%ﬂ eﬂ]]tplét oef% ;I!reQ%\rfeéi gﬁgm ng St gtgcggtransients

in optically lﬁ%ﬁqph\ﬁ@d fdcBigers Ban FOBETAR He@ﬂ)&/@éﬂew@f)&&ﬁpdﬁ@ﬁt@ Maing
set its gain to its maxi mumvalue. The | SL maybe

incomingetignahiosedSropgitigat éé?qeﬁ@f BresAnymiier. lecy &t EBEpoworking in
constang&ﬁgﬁ %W&} ngﬁie Q%Fe? g]in tc->r Iﬂ? ma?fnﬁﬁxp %lge nﬁ%ef‘ %eihl%gy be determined

Fhe “homn operati ng range o
by detectinglai signal levallbelowl z&hredeﬁerﬁﬁﬁ@ﬁhﬁdholcﬁ hehedikhdll efaybaYetliRlow the

.afjsabled unti | ﬂg |npu§ si_gnal_|evel increases above
nominag REUGRERERS FARee Tgé ARl Eee nEPIHSEr peRte s Grerpipiiiermay be
d1sable@ﬁﬂt9&h&ﬁgﬁt%fgﬁlhﬂ9ve(l’fn% %Mo?@&%%&h@fd i nput si gnal

power el ow the anplifier nom nal input
bpdematsysigms a:ngpora’d‘hg fdewamineranp pooadbn {EC) Ibayprpetabe stiingnt signal

transients can, therefqr di sabl e
power 3P Bikdsy ARt A RS P cB o R rtse. Theikoat SpRygagh fo
protectih® adi$hsP %ﬂcﬁ?triiﬁféhﬂ%hn 'tH&Ufor@ RRERL HRAnF ARSI ABUEL tlmeg When the
enough for reliable signal ‘detection. This resu

input sigmpl § W&lﬁ@ﬁmlrw smemmmatrm but highedpaghdior relhaidmgnal

i |o S |nc orate a cl ock recovery
daﬁaum_ﬁﬁ F%%hggx ?%% @G Héqﬁgigﬁclock froman i ncom ng

Hedddit®h! lamn rb&h*&lr bynfidub@ioth BREPOREOY EbK MBdvers $hiffor
20 narrom#band device with a tracking bandw dth of

extractipg (e W2 clopkiom gy inpersine datariirgar e blapallar the ehoek trgpvary Bt is 2
narrow- BM de'v '“%OJ cﬂﬂ# b%f?dvtﬁdﬂp ff ﬂ::@(i#ﬁqg C'thjs Ha ?JSfl‘t Ny 5 pe%elver

recelve here 1's her
configuragior thae s mtoimfa@tcr}ag}n Gaqicacy pidriic t}enédeweal@nalel | abI y

nodu| a #) gPSK nodul at e tlcal gnal
gg‘ﬁﬁh“rtbere H HRECE e HEEC T R ‘F togyfory %‘E’ﬁﬂyo%?“dtrﬁléably

demodﬂtﬁ%%‘ﬁPSK‘Hﬁﬂﬁlh@H opﬁl&? t@niS Provided an apparatus
conprising: a denodul ator tor denodul ating an optica

i nput signal having data nodul ated t hereon

Summary
In accordance with a first aspect of the present invention, there is provided an apparatus
comprising: a demodulator for demodulating an optical input signal having data modulated thereon
according to a DPSK modulation format, said demodulator being configured to split said optical input

signal onto first and second arms and provide first and second optical outputs; first and second

-
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according to a DPSK nodul ation format, said
denodul ator being configured to split said optica
i nput signal onto first and second arns and provide
first and second optical outputs; first and second 3 -
phot odet ectors, said first photodetector being
configured for providing a first electrical output in
response to said first optical output being inparted
photode#elatglrs s(rc)zfgvﬁ iﬁgoc%%gféggeﬁ%hc%fl r%? s aﬂ%% ur?gpan?tst e‘ir)]elg‘{rfé;% %({)1 ﬁgt in
Tesponsg ig saéﬁdt engica utpuydteing ampantad fhereorh edidgpcondphetbdetector bemg configured
r
for prov%:dlgh% a%Q&])nc(l: %E‘cﬁ#%&&%]ﬁiﬂ rgsgatglhsg %Aésaglgg%)ﬁﬁg é]got%&)}{i%e?ﬁg imparted
thereon; g ifiegrased osmk dndBlalarb@gratieditchodd tafdt @dtsa:oncé@cvﬁre:myoutputs said
[ [ [
e o B3 00 SRR SEN SIS Sl el
represengatige offa stznildevel ofsit leash dnegd st ﬂrsedné stepidcAdetroal upuss; & Grst dither

circuit f{gj egtaﬁllsﬁiih% Q&r odﬁla{og Hiﬂ{er g@fal é ?{%%@I%H&rgﬁrkf%gr ? f&%%%ﬁgglltd%%mdulator

a contro or "provi

© setting S&ndem@n@h@tt@ paid ggtat leved ogtpgnatd 4 qomb'elsrrfom@mbtrmlﬁalﬁ demoduiator

it 500 4l Ol B0 B AR B M e o
ﬁﬂmﬁmSGFHmﬁﬁpgh@nahOﬁ@w@f@GHQQMméﬁmmﬂb@msroI S|gnal for
SERSAL, 1 00y 0 00 000 S8 OO DL
stabilizigg @n@d@é@rmuﬁ%qﬁée splibs DPRle fpymattadoptidahinput sigom ontp et end second
arms ané(lz ;Zrﬁ Iﬁéé%ﬂrsgagg ?égmg%cfprﬂtgzg g Elg% ?)Jre{r}rlg&% 1‘1@11’1 % Hé a &ﬁput of said
demodulgiog v gegrsed dloos andintk eyt dircudly wiisd laquratpd dwkcbed ﬂm Btovery
o | eV IS Rg:
circuit b%gg B@%&Q%ﬁg%%%%tSIg%i 1 o&tpu%%hoﬁﬂﬁg%g)? a%%ﬁgg If]e'veci o8- least one of
said firsf gyt eggerd @ebutst mwrmnm@oﬂ@@mw sgghalcproviding afignodulator setting
signal i @%@% & & srgmq&eﬁa%a H3hBedREONREY dg:xﬁocﬁﬂa'i&ldit’ttxer REAR Gith saia
ure e asig evel out
demodulaep ﬁeﬁmﬁml |as/@d@fodalat§r epapl sll%lvleﬂ)r contradling] aeéémhecn@m@mhcal path
fength o%ie%fiahdﬁjst A0SR outputs; and providing a
denodul at or dither signal prOV|d|n a denodul at or
biepgardagee vithgrthird fsneqt egtp@vrsseemt ipvesairgthstic girrapvidiedwe ppparatus
compnsfﬁgla%&nodlﬁﬁgr f&%o%ﬁ&v%bﬂlcgqmabﬁt Qa{ld gérﬁdaglﬁtoﬁ)&%aclonﬁgured
h said denpdul ator setting s as a
to split Sdléme‘enal igpu pizes ARte Girst gidpaerind s a@fbprpwéer fiisipgd sggeind optical outputs; a
first dxthgf &Ja&& fop gsta@nsmga &ﬁlodﬁﬁ&%th!ar%&%lh QxRS i ﬁa@a gﬁfmgmg a

st and second arns. accordance Wt

demodu}ﬁ@p Eding 6N HeCopPEs vt cqu@irﬂ saigriemedudates ditker pigen) prdiesdidan
demoduBHOP kR lé%nai GO 19Qr c&ug@@g%&m@ﬁ@m@ aﬂ}aﬂyg AL doBGi path

an optical input signal, said denodul ator bein
length Oé‘emef sk feref and gecars Wsagamn@@themcmr f@ﬁaﬁfcabéﬂgrrgaﬂ degadudator dither
referencg ElFﬁﬁ aﬂtng} el @erﬂg:tl@ﬁ Hﬁuﬁ‘ﬁg p%ﬁ\ﬂo(iﬁ elfré)r s%hal%gsﬁﬁ&qgg feedback
cal outputs; a first dithér circu
signal re@@ﬁ@&ﬁ#lff%qf |ars§ﬂ%l Ieyehas @Licast ene of paichinst as gfwamd opacai outputs and said
demoduRPifH} Jeﬁ?en@é@éﬂag %@Qonfrgﬁer BLRAY LA Qgedafor ;qgmgé‘éaﬁi &hodulator
setting signal onbi ner for conbining sa
setting SHBHRIEFRARRO Bid #@}Odglaf@ﬁ%ﬂor ggetlsai d 25 denod uI at or
ﬁleak&draagce_%m%m«a@as?e SRR Ghve s Rl H QL 1ssar&5téh a&g{hod of
controlling and dithering an optical path Iength of
one of said first and second arps; a second dither
circuit for establishing a denodul ator dither
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reference signal; and an error detection circuit for
providing an error signal in response to a feedback
signal representative of a signal |evel of at.|east
one of said first and second optical outputs and said
denodul ator dither reference signal, said controller

“ being configured for providing said denodul ator 30
setting signal in response to said dermodul ator error

stabilizifid SNRhodldlorA6EHFARCHIW dprichl W stRaid8ReR: at se&th@ arms and
present invention, there is provided a nmethod of 3a

provide éfsmdﬁ?cz%amaﬁ ogeHB A Arod é%ﬁr}s&af%ml@g &{isi dithggrfircuit for

establisif 4 déﬁlod&l&i&ﬂﬁth&'s%iﬁl cABbAng dkisitinARg 256894 Gard ﬁéﬁéﬂq%@ gne of said
provide first and second optical outputs, said net

first and g #rEH HFSAIREI %ﬁ!%&mé’dvlﬁ%f%ﬂher SRS ?%TEﬂdtﬂa‘Pb?etfm" e

prov1d1r@%tséﬂahd StheinGredit £ BRMULIRLLY deflobhlRbr %&@%ren&@%héi%ﬁ' Brating
dithering an optical path |l ength of one of §

said denfqg\ﬂétp" HHde S8R HTHPHE 1 ﬁfeﬁ‘g’éﬁiﬂ%“él e GBI Yot at leas
one of s&lll iREindSE@AGSp1ied bupud aRDALH BkOsul S dithdd GerSbae &nal S
providing a second dither circuit for establishing a
dermodul ator dither reference signal; and generating

sai d denodul at ogrReblidpihIPdhe DRavigePONSe to a
f eedback signal representative of a sfgnal |evel of

B@fer@a%shou@rt@ mefdedaiit hllowing dadilegbdserptoptihial should be read in

a denod IaI dither reference sjgnal.
conjuncii$h St SRl S e B PPt bhb e B on 4
Bm FIHS‘i@si&@HﬁB@ blook ipangotiaiak kgl ad @SoliRidn Bf MMYs@hh consistent
shoul d be read in conjunction wth the foll ow ng
‘mﬂ”thEEW%@Vﬂmﬁéfeln li ke nunerals represent |ike parts:
FIG | is a sinplified block diagram of one exenplary
enbodi nent of a systemconsistent wth the present
i nvention; 3b WD 20061074020 PCT1US20051047318 FI G
2 is asinmplified block diagram of one exenpl ary
recei ver consistent with the present invention; FIG
3 is a block flow diagramillustrating an exenplary
opti cal transient protection process consistent with
the present invention; 5 FIG 4 is a sinplified block
di agram of anot her exenplary receiver consistent with
the present invention; FIG 5 is a sinplified bl.ock
di agram of anot her exenplary receiver consistent with
the present invention; and FIG 6 is a sinplified
bl ock di agram of anot her exenplary receiver
consi stent with the

3b
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10 present invention. Detailed Description FIG | is
a sinplified block diagram of one exenplary
enbodi mrent of a WDM transm ssion system 100
Wﬁ@aﬁ}o%ﬁﬁt with the pr esent invention. The POTAIS2005/047318
transm ssion systemserves 15 to transmt a
plurality of optical channels over an optica
Fiaf. arisva simpitipdblocl Gidghmoofioas bxeamsary tdckiver ¢omsintentawittl Bid
to one or nore renotely |ocated receiving ternnals
present ¥yEALORR0se skilled in the art will recognize that
Fﬁ? 3%5/ SbRoR 400 digsnasfaHlePitdepRS, bl $ahdent protection process
I'1fied point-to- point systen1forn1for ease of
consxsteek ﬂaﬁnamre@wtmenh@mnpl e, the transm tt| ng term nal
0 4308 Pty et Moo iRl Rar e R e oed R R i e
pﬁﬁmﬂ@ﬁﬁﬁﬁ@wred to perforn1both transmtting and receiving
functions. For ease of expl apation, however, the

Fiy. élﬁaﬁ@p&ﬁed Blogk firgRmuti b PP BRHTHEPAYH cRpsifient with the
present onI y a transmtting or receiving
nctl on is to be understood that a system and

A 16Gsla sm]ﬁlfsﬁ block diaglant dfemptheemenplry rregivdseonsistent with the
Lncorporated into a wide variety of network

present iRy %‘ﬁ}ent s and configurations. The illustrated
exenplary enbodi ments herein are provided only by way
of explanation, not of 25 limtation. In the
i |l ustrated exenpl arBetailesoBeseriBtion each of a plurality

PR Bl Por s o DS SR gy

transmidGr s\steAnDOtcoAsisiag: tvsith the presﬁt mveit@pna The rassns skidrodystdm serves

I th A1 N O
to transy R P P Chapiels over i piRGah ByorBRicn Ah 40T Bt
uansmlmzﬂ%ﬁﬁm 984 & @2 o %@ﬁ&%ﬂ%@%&@%ﬁbﬁwg 1062 Those skilled

30 nodul ation format, e.gqg. SK for mat .
in the aﬂtWelltrﬂ:cagmm thatthe systdm é@ﬁJh@éJeelati@l@ﬂécﬂm hightnsigiplified point-to-

06/.074020. P S20Q5/ 04
point {RELIUBR (0P Lo PRIETORn 6 05 S piadeEm ol B
receivilgeBAAIZO6 tnﬂ@rt ofadaRe, Botlahsontified ARlyarisCuiveis] @vhereby each may be

el ectrical_ and opt. cal conmponents configured for
configuredn prife h@i@ﬁesna% ang r@ﬁ!a}ngétmqﬁees 0% Gase f gxplanation,
howevdfUELARBER A ddiedlftR de St BFRL-L b Wi BRTB Bty Al dhldfiniting or
e ransm wave engt s or channel's are
receivingefipetioni \Fek jo Mmilefstbodlﬁnm a pjratﬂrm bid metbdd passisent Gith the invention
110-1,11 dat a channel s.are
may be RIS R i BEG SLAEEOLk GRRONS D GoRGeTaR, The
111ustrat13@gxéiﬂpl oo Bt At Qeredi a&%?@zhd&ﬂronlé']kﬁr wal ¥ c@plbhdEiah, not of
i nf ormatl on channel 102 may include optical fi ber
limitatigigvequi des, optical anplifiers, optical filters,

tH 28 A9 SRARFAS UhdbBSiniRe U&r 2 MR} BFfransmitters TX1, TX2 . .

TXN receives a data signal on an associated input port 108-1, 108-2 ... 108-N, and transmits the

data signal on associated wavelength A1, Az . . . An. One or more of the transmitters TX1, TX2 . .
. TXN may be configured to modulate data on the associated wavelength with a DPSK

modulation format, e.g. an RZ-DPSK format. The transmitiers, of course, are shown in highly
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active and passive conponents. The aggregate signa
may be received at one or nore renbte receiving
termnals 106. A 10 demulti plexer 114 separates the

wbbiesoid ed channel s at wavel engths X1, A 2pcr/us2ebdazsis
onto associated paths 116-1, 116-2...116-N coupl ed

to associated receivers RXI, RX2...RXN. One or nore

simplifigf fortlh‘lér tase of e@lanaidg. | IthXstﬂ.leF@iN threqrtl Wil reonghizg thag gacho
. g ' i ”
ransfETTRE e Bofoh PO GBI onkul STIBRShitine the dote
@igth

signal a2 &S asbahied waidl ith @ dedhgd anphtidéind B6&0&IcAL ed

g,tg_ut path 118-1, 118-2, 118-3, 118-N. 15 To i nprove
t}{% Erisd wayislengihs phehenpls arp eespeckinelienried gn p plugality of paths

_ oY CRNd ; ; ) el
01, 8T oo B S e s
102 by e ouilttimdexep ot doenbimay d §2.aTkdomdiablanfoAnation chamehl2onthiasiede optical

of ardinary skill in th rt,..FEC. codi ng essenti al |
fiber witeg G QPoRL SPRIHS OBERLflters-ifPPRiAn Somgasatng Bodlern g other
active bl heRivecbmpbit@tdet ection and correction of data

errors about which there is no previously known

LR ageregatedignabmpy be respivedoatiopg orBaie Serppte rereivipsrfemminalel 106. A

] t Ll: 8, ' e sen .
g5 ERRAT 0o 3 Sen AR 2L S Tbyd socines
paths 11®1, Ylécby el6-Ngotbled er aserciatal reedtdrnRX T,HRIES. . BKN.USES or more of

Y S R R A W T

RS8R 16O PRSerR I e KiAMA pRARE A abdd o' i
mmmpr oﬁerti es thgl? are er el at eg to how 4ta'ﬁfé3 Elggg)gf‘gartaemgnal onan

associatpd wutput peth AHd1.cd8<% 4B 138-ow t hey perform I Sone
cyclic

| h | j d . .
TPl o8l B, BE0G obBE AR Y BBl e
inventi¢:Beh)) incldess eﬁcﬂ&er@@fﬁ@iy&idg foradrd Ebit REBEHonGPHES codidteio the

cyclic Galay and Fire codes, and sonme newer codes

modulagig fgtag isiipknomn i9dhess:oy srdinarokdll indheianh e radingsyeegtially
involves B;gg) olA0h of TALEWR Sd2Nh $84t W6 ff 81 fdletg&{o%t and %érréc?lgn of
I npl énenting various error correcting codes are Known
data erors abbwsehichr termads yo pleviobsly knovrhimfambtions BMDr20Q6t0F 4080 arc
PCT/ US2005/ 047318 Tur.ni.ng.to Fl 2, there is . ,
seneratpd o5 8 SRERLOY S W oSRSPING 0EE Il 355t G Essiyehymet include
an FECIdRGodRf 5% @stlovérihbans koot cotB@ink lcb it lah@1: R4 1R BHRY 18 cdirect any errors
enmbodi ment includes an anplifier 202 for receiving

in the repgiyed atprant ofi datp (e Dlesrdimddul at ed optical signal

R E P opBalhe Sl e KT o B S8 oo e

related aonigbwathd uades el neattdded eaisequebthcinf ihgyp@tor@N Some examples of
i ncluding first 208, and _second 210 phot odetector and
these arg(gl;ﬁﬂ line dﬁé{q;l}csl-lqgg@ﬁ:}gé'@d@sothg cyclic Bose-Chandhuri-Hocquenghem (BCH)

codes, the convolutional (Viterbi) codes, the cyclic Golay and Fire codes, and some newer codes
such as the Turbo convolutional and product codes (TCC, TPC). Hardware and software
configurations for implementing various error correcting codes are known to those ordinary skill

in the art.
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known cl ock and data recovery circuit (CDR) 212. The
CDR provides and el ectrical outputs including
retimed denodul ated data on path 214 and the

whesRekad data clock on path 216. The anpli bteiis®00s7318
may be a known doped fiber anplifier, e.g. an erbium

doped fiber anplifier (EDFA). As is known, a doped
flutning ta il 2 ithere salusitgied an Pxmmary re;cnnzbmﬂé) donsistentayith the

[.CUL T nd .one or nore.a .
e M R B BB PRS0 o secivin
and am?ﬁ@ﬁ@tal DREKBrGulated 0BG SiERMNpES it Hh @ath 200] Jﬂﬂidﬁ@l tunable optical
esent invention, the output power of t he nplifier

band paze @%986?5 H adrevr PP SKgismogrieion 265 and & gwal ﬂveian@dgh‘@ptor
conﬁgu?%% BRI b Secod 2 @gﬁﬁ&de@%ﬁm 'aﬂde L5 E baitleld@bled to o

to stabilize S|gna
known pleck wdamsmmﬁm @Dﬂmz i Tietdieh grovidey and eledidcal outputs

it BB RS G B B e SB B F50S
The bRSlifir 202 $2G S aRASWR AR HPeLASPIARE QPbA ez%hum dclaped fiber

connectors and splices in the downstream pat h.

amplifieHEDFA).u 6 idinetnex éwsﬁbyr BN Bier pesviguratipe mey urpautde dternal

GlICUlt[‘s; arl %E:H l(l# dr? u nﬁ% p@g C #ﬁglgr a{{a ?%dnéﬁg ?Oegﬁgaﬁ%l \S/\I}Wa %e(}jeCted

operatihdunsde. dﬁ a@pgiém asnsissdolt kdithitiie grésent iavdntion tke GRPE pdO4r OBtle

..be a single device con ured for viding a tunabl e
apliSgEAE o paEk RGP e copig) sl Horaisreor yaskr
describE@RY Qféa?c%rd@tfaﬂfb!eioke ko stAHiliZPBenhal Sovitd & 5O BRAIBEIAATs @is and 230

separate filters wherein one or nore of the filters
independeatiy efrthdbingut signeb lend]| i lopticdb insektipm bosses I@éﬁmﬁﬂ?ﬁ“ wdi ¢
ted wi t h. t.he

Demodiig s it Rici o BRI IR s pkOR AR LR opti connectors

and spliRSPARSGovdtrbangathass filter control signal on path
222, to provide a narrow pass band havi ng

Withe Iﬂélﬁe“#‘ﬁd sxanepiay embediment iy pighe Bl 802 i coupled to the
oRrr 366 2 NS0l 5590 S lBaSPEE LA R by s

art. The OBRIdIOA gnayriey stigimddviqeaertiguanidior providad: mmbﬁ;eaband pass

charactgl}ﬁ%hgqu h an %eé%ola_yl S |Iﬁ'h§rsg%%gﬁ%i:w t he exen'pl arate

filters WIERGH bABE8ore bR GeTliet G mAHIO esaahghfheoa%BEss%%aé@nm
coupl ed to the DPSK denodul ator 206. The

associagpdripihiha eunbip@Bn ey desﬂﬂbg@lm detadrilony, it @BPIé ijebe tuned, e.g.

onet confl
in resp %ggbp |?%f’4|¥gﬁér ﬁjltﬁ%g?%ﬁ ara i% |cdgela11 %@/a ar anghavmg
center wineldfthwiibadd Wﬁ&ythe Gva\f@eli’gﬁﬂﬁf 1°F4 f&éﬁ@e@@ﬂcﬁﬁ?@ﬁﬁ/ %7(333}3 204
have an optlgg athlenthldata bit | onger than

may thysjzlteg fesiout-g }qgémplu‘@qqf mcludmg only signal power and in-

| F
band ndnEEt }g b i g)%gﬁ 222.( 1s. %a%g?ﬁﬂ% f%%m%% eggsgémcfgt ofr‘1 FIG. 2, it may

be onutted in some embodlments
The optical output of the OBPY 204 is coupled to the DPSK demodulator 206. The

DPSK demodulator 206 may include a known interferometer, such as a Mach-Zehnder

interferometer, configured to split light onto two separate optical paths/arms, one of which may
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optical signal resulting fromconstructive

interference of the light fromthe two arns (the

constructive output), while another output, e.g. on
w§3doBe7seSH may provide an optical signal 5 reggkikiingoarsis

fromdestructive interference of the light fromthe

two arns ( the destructive output). As is known, to

have ﬂng@tm%} @H@tlel@ DRgK by dengsathas ihgresiier. ant eedoR®ioe the light
terferfyBRA” S P s D A ep o 0, o, S BB 2o by fhovide an

optical Et@hﬁ&ésﬁlﬂﬁv@ ifRndonsifuctioP Iﬂt&%f@tﬁ@ bf the light¥rdrh thekwbiatms %he
" del ayed arm conpared to that in the other armat t

construﬁtb‘femmm) Whikt nofhier oWiElh P& oreRdinBlh may orovedqLa ontienljgignal
rosulis 08 oot HiGRASE el hom thFolailie F TR Meffhotve cugoun).
auttsplutomt totctemodelatacthB%Iﬁ opifabsighaltht DPEK @mﬁulator 206 may be
represents di ones nS|t ul ated on t
o, 1 PO (57 Or Bl PHBAL. i GTAING (e G g tp of an
optical CHASHL A 1.4 d@afsh aE@RORY ?ﬁe& % ﬁhﬁhttlﬁ! othet @FR 8t the point of
intensity nodul'ated on the optical signal. The

interferopetrie a¢combingtion ekl totla, OFBRe kisrmoduieenr elugl §Whemethe DPSK
demodugﬁmgf%(%?g ? g}o?:ettlylfq t%n [tlic'e Ij %%? ﬁ'of% %e oﬁ% ol th 2&%1?0d\%ait%‘ﬁconsu'uctwe

or- a n rer pair
arm) repidSdnCiditat homs’smedna;t;eﬂo&nm o tigoptiddd sighaleghd the light from the

phot odet ect or 228, 230,. e. pi.n hotodlodes and an _ .
other ol (HeSuSRERE s PiP s el ZAD| PPty Motz he gpfgeal signal.
QHQB@%%I 19 o D@EFH debdoBh1aRRRHE are%ggarte%]tg ﬂ:{%rf&é/t'z‘é@ and

associ at e ectrlca out put s, n pat hs
saxmdzsmphﬂwkesnmbudmmﬂﬂhﬁpmheemmgﬁwﬁudpaﬂmkdanhemedekﬁmwnhqib

speed riTRRAAR 28, 200, b i RhabBofch, b ke sl cleioal ppiitier,

240, 24de STie\hbiodSiectSd AAAplitib Sl 108810 ArbGdPmBKciated electrical outputs,
Denodul at or 206 and the differential inputs of the

e.g. on pgbhe 2322 234rserepaniaive g thedight Bwaried iprean.t bo gernpensate for the
differelﬁ]%f 8&? ﬁt%qo gie%attﬁlfa%%ng %lgré%&ls EIPHA’[EI ﬂ:%%gnsttﬂa&ve and dleizltmctive

r'ical delay circu provi de a manua
signal }aﬂ]slhet\&dn die@itSK Damodahbiay 206 dod th@ﬁvffetenﬁﬂ fitiputnofl thessSDR 212, one

The, specj f.ic val ue o the pr edet er m ned
output may bg ﬁ(@w&déw RISQfLat 093%1%@% Fire %te?%%nay be pre-set
ttge bRBAEA dble cﬁ&ﬂ@ﬂ%%ﬂ%ﬂ}ie Qtnaﬁﬁmy qused elebeidhildelay with low
J usted to Optl mze transm ssi on or mance. The

insertiogllesst The spem@e Ivalpe of thewiclay meay bp@kf@lemmneet argl the nheenyal df:lay

circuit %% G i I F ﬁe glngn%aﬁ{tgo mlgeu}r?d 3&?& foer é]g%rr}%{ng—lcggthgads usted ic epttnnze
uansmlemcpérfmhndée By elebtticalidelareitciliemay taROWMY oflaivatiag of
coaxi al del a I|ne (tronhone that is either

confighigivnakpapmio thase gt prsingry Sk inibe pqin ate cgbreggnt, for exarple, the
electac%l!t c%?ahre %t'ru@ ﬂlla# Iﬁe(:: g F%HB&{}]? W&k dekay dél%/nﬁtel(ﬁ;%mg(g}tﬁ% ﬁ%&% Lég:‘lr:t%

ect ay circult
manualiyhe septmpeibr @htrbhel. oph koot edtonicaiinebranoPéd ddlerlingdCr

8 on th 232. be .Col led to Ci
TaS ok Abu AR RS £ ot i o e e
photodi?étﬁéﬂ’hnﬁ Anipl8&SHa8 208 e ipafran2 Sidyl He dofipléd® tBé EDRNGrc@PRI2. A
variety of CDR circuit configurations are known to those of ordinary skill in the art. The CDR
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WD 2006/ 074020 PCTI US2005/ 047318 «circuit 212 may be
configured from hardware, software, or a conbi nation
of hardware and software, and may include discrete

wabRbMagdgnt egrat ed conponents. In one enbodi pedis20b4)647318
CDR circuit may be an integrated circuit package,
such as CDR nodel nunber VSC1238 commercially
circuit 24Y aialy &b benfiguest i1t dadevareSsdfiwaze, oes ednueinatioms ihgtdesate and

v e SRS BUERLLSR LD UL UL PN LIS, g oo

ircuit iy Fe QR SH8EHRA SirdaBpRREE R as EDR HEM BEmb@REIEINGL h Of
errett t he OBPF 204,uang‘rljor%tehe dia?ferenti al delay inmparted

commercally heilppisirode Miese-at or 206 may be dynamical ly

trolled i effici . t .
S et B L LR PRRDR ! RSP TRFERRIAR. i 20
(and theasptitd) 90%1:%&11 e? %)Bcﬁtotﬂdt@]:cdrgmﬁf mﬂilzgnja lthel et wgiram?ngamf the0OBPF
mnimze e effects of, drift as cl at ed, or .
204, andlorthp Pieregiiak ol ey ipwrrsd ip dbhedAti fe a&ﬁw&% KR Wgpigally

controlllgtf fﬂeaﬂ%%etg Ridnfd to cbRAp &:[re;.%tla P8t thOSeRdentdof € amplifier-generated

ustrated exenplary” enbodi ment "200, control signals
ASE noise a$ the fanmpibn bf #5 inpR0RgnallBPet P 4nd fromibiEsice theradidals af dift
. 2 are established and ntrol| by. a traller..
associa Jof GYap I A SO PR IGRE PECEleRe B bR e St
insertiof RAtds Ok Bk {IRYtatcD ekdiiflag RMbOMINFRT ED0A0GH QY sikhuls 1i(8d dmdplifier
converters for converting anal ]%g?f eedback_signal s t

202, ORAFHeaind e flemnadsiatas 296 aseastabihed and eongPled b & sorghiler 244 in
responsIRERTALL tebRiabic iblls P oltrb e il BE LR 1o
digital RARREs DHtVErtBizgnabs MR si¥ndT R digielBiznals GFRrocassihg by a
digital gvhporerorsDsP e T BP0 R Fh e bR o analog
converttigise rEOAGRRAnAGR L b ierdDENIOBDP RTINE] OBPIOTICIRL, 284 Pour s

e.g. on pabyifiodR48; 81 8.nvhidiDmee edtatiliguepsratinigmotitnion ipelemadularn 206,
OBFF @fég%mgkﬂ?ﬁ???%ﬁ e?ﬁ@el%gﬁt Ir 2I ?g?eg4t40atngep5)g\l\//i03 ed as
e
techniqesPReTe AR AR Lesh HEBH 0B P82 et R BERTAR V_CTRL
output 56 %t%ﬂ%girlwaﬁh ggc}vg&ﬁ!aﬁ gﬂ- ﬁ@%@coﬁﬂﬁéﬁe@ by p&’tﬁ _2%8, and an

circulrts est i sh si gnal s useful i
OBPF Ditirn sighalam patlt 254t ik edded és thetOBRR/ € if TR nugneo hoemntrober 244 and

povio g 35 i e E e b B e bt 8 Sopiins citer
signals QR ifPebRE G SRR the'PRdseRnyeAfbilrt kEhes idMosF B @Ay skill in the

associated direct digital synthesizers éDDS%h 256, 258
art. In ousrenibpdivachtithe Dgeadulaipe Dithessignaloind thyi ORBF Difherfagnabmaybe

.predetermned fre ' I '
s BEEHEL SRS SRRl L SBROARTCHS ;6 A ol o
generatp @ heHsHi€ ditheg Biahal 4t B ptddetefmined Héquehdaydn vapense 1o a clock input on
path 261. The dither signals may be low frequency periodic signals in the form of sine-wave,
triangle-wave etc. As used herein, the term “low frequency™ refers to a frequency that is at least

an order of magnitude (i.e. a factor of 10) less than the modulator data rate.
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triangl e-wave etc. As used herein, the term"l ow
frequency" refers to a frequency that is at least 30

an order of magnitude (i.e. a factor of 10) |l ess than
wb BReiRdi ator data rate. 8 WO 2006/ 074020 peTus2005/047318
PCT/ US2005/ 047318 To avoid interference between the
dither frequencies in the respective denodul at or and
TBBEncbmtﬁri‘efdncé baipeen thh dithke ifredudnateo in theicbsiEFe dehdridator and

onee SR 2N DS LS L poiencl s elBLed 10

related @%ﬁcﬂﬁ&%@ﬁ Adteod: Qul @%ﬂﬂﬁ@&?factbf‘% oS BRBHIRER! foPekdp@ile, the
nay be abo Hz and the OBPF Dither f

Demod@atgn@igthqréy sigeal abryihe abaut20¥ 7 and the GBPD Bbetz sr(gmplgmay be gboutn
hose t
oo 200 GBIRRE 60 CEPrCE okt ptaf R Bl e g ey

of otherthffiedfeeqRéids e bel progdeer al , the dither si gnal S
applied to_the OBPF and dem)dul atoy control signals

@eafge > s ithersignrls anelishioithaP R fst g uiar £ORFQ Agnals cause
changeéf oz)tlhél B% Qﬂr@ﬂyé@ﬁaﬁ etk 9PAL déthoddlBe él%‘[ﬂ!?/ bt tﬁé 91% signal

requency anges I n the power or signa
frequenth eChhngd:sen tHerpmonee oT sigsal favel a dealitherdragnohcid acﬂndmw@dmd

comparf i % b 1o SR B AR D eh Gy g

represeiiRe tﬁ@@:@fgyfﬁt 8@ adidciRdd GHIRH BenEhEiss. ThE frepdRe oNeRrBiat a
energy at a particular dither frequency indicates

particulpidithe] frequanaydadisetesitbabitt asenciaiesioptig) spiéing &t nad gplimim The error
values av{g ﬁroﬁfd‘ég a%lF 1#?0%13@5?4 '&BJI%I\.{ E&Qﬂ?lsfr\e% tnh%%&%%g% %el Smodfttor

es new val ues ["at or
setting BEMCDID & DEWDRNY thT@BPERetihh OBEBRE CS®It | yginfiBPEettings may be

CTRL. .Qptinmum sett be 15 achi eved by
achlevq%?mnﬁfﬂimﬁag#}?és %1%{?%65&%/% or values. In the

'h{ {hd gﬂd&ﬁ‘ﬁ@@ efhf %fﬂbo@ﬁ?fﬁﬁg FreRimplt, Qﬁe B¥ABMiSor Dﬁ&r signal 252

ulator Dithef signal 252 nay added to the
may beEaEdi@Do mmmvp@mmm ofcib WOH?:&TZ%M‘; ty agder(3$2, and the

der .262. and. [
combis8 SETAL SRS s AL oS L] R R of BBy e
DemodiRiR tithat énaDistebablished B thei BDS 35 i lréspbes tHY clooke 11'@[15011 path
258 in response_to a clock input an p‘%&’@

h 20_261,
261. Inype cerbpdigncrre e D dpmagkl RaiBn t Falyer s i}@éhnder
interferdfheft %vh%%ﬁetﬁe %Qﬁ]?edg@?{& Eﬂe@é f R ONBEF tﬁ@@ﬂcﬁéfn the

requi red opti atronship at the
mterferemdtrmﬂly tecdnebihiet ammstis aahaflvh@bjr czogibi the deraparsuiesof one arm of the

. eve changi the.te rature of
device FAE e Btbor B FEOVE B IBERIPO A AT AR B AR one amm of
the devileGh RshHES B théB¥n Bl RHOWNHEIti Al o 2750 one ar m of
the device in response to the denodul ator control

&b thealiustared exempiay embodiment, the amplitpsle oatheddaasigatog Djther signal
on path?l%glg%f{)% rﬁﬁjustteg 4§ @B{c’h})ﬁ' 9]@&19 Berﬁnﬂﬁla%%gr%ﬂé 195in1%s{agﬁghed by the
DEMOD V_CTRL output of the controller 244. The demodulator tuning process may be based
on a thermal effect proportional to the square of the applied control voltage DEMOD V_CTRL.

In order to maintain a constant modulation depth of the demodulator differential delay (optical
phase at the interferometric recombination point), the amplitude of the Demodulator Dither
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on path 252 may be adjusted as a function of the
denodul at or operating point established by the DEMXD
V_CTRL output of the controller 244. The denodul at or

wo bidsgoRy ocess nay be based  on a thermal epéegtzo0s/047318
proportional to the square of the applied control
voltage DEMOD V. CTRL. In order to naintain a

signal on @ah2aR maybe deaedsehwiepthh coftrdl reltage BFMOBOICTRL increases. As

th rsuf o o e B M DABIRGE O 0 BFROS IS A i Prigb th
dither iffucdd ¥anERTERIGH balaPk nidy R Shinin® 7 AndRP Blzld fHadikndent of the operating
PCT/ US2005/ 047318 signal on path 252 mag e

point. Injie iliustratad anbodinge, &9 lcontesilied gmpiEvReP yagpricoupled to the
path 25? %%)%%3 fie gﬁig Pf {h%;beé'g‘%gi&tqr hifhG: 41%1%?15%?5}10311@}5 aREAKERT CTRL

pen ator oper g pol nt and —
signal pkdvédeddintpathr247 hehtieeebntroBerAk s e nipthiodd dfconaylling the amplitude of

m ni m zed and/ or nmade i ndependent aof .the operatin .
the Dempduior sigpaly il bekngep fuhese bk n e gl Fapgamble, gein

controlSﬁgﬁaé%ﬁ@xﬁeﬁé@iﬂitﬁéﬁbs%%. may be coupled to the 5 path
252 to control the gain of the Denodul ator Dither

$hegPaioduiatosRifien signalcasseGAlow freqUFRty ditheryindhe patl lengbdf the
s PR 40 PR o SRS plF KPR e

distzibuibh bf e ok Vb weP béthesethe Cosdttiarad Ssitubtiveroutiie adis of the
For example, gain _control may be inplenmented in the.
demoduipiey 200t theHeea Py aﬁthﬁtdéihercﬁlwﬁ@d&r &ﬁngwa{%egoaswft@wwm the
f J ' ' . .
peen YU b B, bRl AR OL o A o5,
commeddinlly athildblr COR segaict aingds This appreachdirstly ishuitlifes thefecomplexity
. .the aout pu ower...between the c tructi nd .
of bigh gase el 18 A oL SHRBOATF LigD) B goggtive (NSLD)

outputsidPere CBRYBAEN ] ddtBRordb & N6H pahsdiba) 268MASHGLIVALS, are converted to
har moni cs.” Consistent wth the present invention,

single emfed < greah pernthA? e diEfersotiad amplifierg68 pedviding a Demefulator Dither
Feedbadlﬁt'ec or built into a comrercially avail able CDR
Fht'€ftated circuit. This approach greatly sinplifies

t lrllele mmaidapgtotr %Jéthgr_ Tk diicy hiﬁﬁﬂéeeb@&ﬂae.%) gﬁw)mh 272 tohagknown

I ustrated enpodi nent, the posit]ve .an ,
syChroRSHERIA oMY Vst L FaF VG > Oéﬁﬂ@ﬁ?abﬂﬁ%fa?eqferem signal
providééle(}nﬁgdihofﬁg b?gﬂBS 950, PRl bR 41 thé BBase !ﬁ@t@&gf%?@‘é{%ﬂ !Bh ?{;ﬁs a

converte singl e ended signal in p y
Demoddlatdr &rentigsd] indiqzking theren2@B iptho einghisigral Beeto BLDand NSLD at the

. i t her . Feedback signal..T nodul at or Di L h
dither SRQURE RO GRAT I EPE0 B BT GO BAPH=s P g deodulator
control kBRI DERIGH NC UTRION obhimmilet ect or 270 where it is
m xed with a Denodul ator Dither Reference signal

pihe gireesignghmpn bheapRdiy topenpesr 24h &-Lothrggh ap pnalpgto digital
. th.274 i
cones RS REE RE 400 05 2T Sy PR B Convot
The contrglfeal44 ayeinsludt DD&RdohBhbedito dstablish a new demodulator setting
DEMOD V_CTRL on path 246 in response to the error value. An optimum sefting may be

achieved by minimizing the error value.

10
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di ther frequency. The presence of energy at the
di ther frequency indicates that the denodul ator
control setting DEMOD V_CTRL is not optinmum 25 The

w6 bdoeh7s820nal may be coupled to the control | per@éhosnarsis
e.g. through an analog to digital converter for.
converting the error signal to a digital error val ue

Tlarse pf aigmsi skijl mythe e wilbrecoplizearumerolis enettmds pHinfiremiRdithe

error Vagg%%tv%fyp&@ggﬁ sa‘% Aot (:I‘S%;t??b LS /Sa%t%%vﬁnor value may

estabhsﬁ ﬁﬁfi&ﬁﬁ)ﬁ of E@methé BEmYRAME Seﬂﬁgmﬁpm LRI, nghffﬁéls may be
achieved by mnimzing the error value. 10 WO

changedzm@mf ot PAMAlls 2G OBl ShapgesTin dlaebias Ie@ﬂr f@umcawed bias
resolutlﬁxll %]I!I'd rﬁc%&ﬁédhflﬁ%ﬁé n‘%&ldjméjﬁcﬁg g{ag gmg l,émgv e ?EFN &ﬂ\%l ultlple of

e error va
the errop edltid, Rgfere thovarbRiiph GmctiGeofSthe derigdubitort Memﬁhg poina{etge control

ma est ab|ISh a dj %}E n of chan e in % achigyod,when the same

voltage opisplirrE pope

change SP@RBSHE & RAEvENGFHETRE Eettl@‘i@ Eﬁﬁ{ged Hdn€ Hﬁ'@étﬁh a6 ﬁ{éﬁ ®ack o
in the bias Iead to i ncreased bias 5 resolution and

the optismmou ams;achlbwdoviwnéimttmgam ¢hangdviein tﬂm&a’pnwf dinectistncang dlepn back

b ' | tipl h wh
to the oy R ol P aphi@Rachi BnBist o BREF SoihGe o
spectral@idpondi afthe G@AbHOial of Bhd aamwmthelsfra%bm@arhe Rt tsignal may

power |evel). The optinmum setting may be achi eved
still comwéﬁpqcﬁ'el @mne%%ﬁg@%csaf therdithgy frpalupncyachi eved when

pgtﬁe gﬁ{g op exed rﬁqﬁg@gsamh@ﬁfg%eogﬂﬁgﬁaﬁg &N 18 REINSAS Sutputs

S 1S ac en t e setting is
of the kaban GBR ml:Bgtdmi cmmpmiilz o aitabhsit the DemodulatoeDithadeediack signat

simplitch e JFRIDoR] S| B G TEUHREPH b hovCe g the ampliier

202 to &P @ﬁ@&f&m@ﬁztéﬂﬁm e REGABAM @bmﬁneh@ & &éml s?ée%ﬂ:aﬂi 4rB &dquired

frequency. The error signal may stil ain
for detes’p@ﬂm ghange irporpwisignalt leved prpewe gt b dtﬂm ﬁ@ﬂmﬁmé}' This translates to

improve EHSFR rstigtt Bt il Sl 8 PR A BP RS PR pred o

conﬁgﬁﬁmﬂu@ﬂﬂgrshag&(ﬁﬁiﬁﬁammn&nﬁﬂ to est ablish the
A Sl et Sk (R T

demodﬂ%PQOﬁgﬁi%ﬁérB%%tE%r B rg' tﬂé ﬁith ZRem P otd\er tﬁpﬁms use of a first

circuit since no a nmponents in
DDS 25 glesishléshdhepBeiodungor Bijhsr rs@dal ddm sct@né DO 0tih estabhsh the

Demodf Al R R sidia Ot w¢EnS i etbr 2 Gtk o

adjustnR@fs{ OB ARG The diRTec@RSk., IndRActiculR thShoil#fonlHAhdk At of known
recei ver conpared to conflguratlons i ncl udi ng such

micro-hegigrshasnke Lindeddo adrersency erngn obeifavi hiegta, This may resultina
SubStmt%gppée%]q%g%@ of e ge&%&@%ﬂop Bl f@e Jibacfc Bgﬁal,l\@gc. I?:n %gﬂ%i compared to

the Demodulator Dither signal on path 252.
Use of a first DDS 258 to establish the Demodulator Dither signal and a second DDS 260

1o establish the Demodulator Dither Reference signal received by the synchronous phase detector
270 allows adjustment of the timing between the Demodulator Dither Feedback signal and the
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denodul ator 206 with a micro-heater for tuning the
path I ength of one of the arns, use of a first DDS
258 to establish the Denodul ator Dither signal and a

W@{g@%%gg&s 260 to establish the Denodul at opcPiki8sosrsis
et erence signal to the synchronous phase detector

270 allows for timng adjustnents relative to the

Demod:@itéAT8iEhef RERRACKsighdd vRAbht sEfebiae, thé DemoddatbeDitier signal. The
bandw dt h of known 25 m cro-heaters nay_ be

e
DDS 25§ and g IENT300mmgeyidesize 1evrifiet qUpLTHitec fRge n(1m d%ﬂano

s b R RBS oI o PRAL R R
Demoddbesiithes Referdiict bighal piayided byMIMRRE0 282 howeer dfy agljfstedst.g. by a

e 5 5P MR 41 o

Demodifithi b FREREGRE §i§ﬁzh R thé PeRbNB&PDIhdREs0MED5BRNOUS
phase det ect or 0 270 all ows agd ust nent of the

Farmkagplbshawemtrotlen4paneydl canligur®, eisethrqugh gefiware diagivgre or a
. and the. 11 W0 2006/ 0740
combin SRSy S1d AP a? a) e Cepaie Pl ifempnees beeon the

Demodilier Denmd Reksére signilhad tin Iumaddulaldr®ithe Feedbikaiphak Hghe optimal

DDS 260 may synt hesi ze associ.ated outputs .at, the
phase velamfon tiedesRodii s dTither REGTBAL I B B° Deipruncd Bramessallly

isadiuS ' 281RT, e ddsAinhO BrrbhRl
msadju%%g%%%ﬂagﬁsgggg% e?gnwc‘e si gnal ]gorovi ded by Dlslse.asaL
functioR@GherBymoddatenBither Refaetica sigaa phasegatupy The Bemodulptor Dither

Reten o) SRS Y 58 S e Bt B o Veror—
el VRST - RRH e g5l gat theighven bpeaDenmiitlatierDdhddaior.
Vdm“ﬁbgégggéeék s}ﬁgﬁt“ar}ﬁ (Plﬁzg?gﬂexanpgli e, ?ﬁz .control ler 244 g/
Bbe OBRF ifepdbasit loan gay eparaiegh Bymenpgar )ik qeiufor jéedback

conbi nat.i-on o .
T
OBPF _@I{gaftﬁt@f ﬂg d)ig&liﬂdgeﬂﬁ,re@ beadieg Pz, a&;_rhﬂhet:mabinenl-l signal may be

. nodul at or er ee g e opt] ma
providcgigade AT @HEl SEHbOBEHBAGH ol BT ORFT REPSIAE| S 254 may be
ishl ' DHbEOmEHUIk 61 provided also to DDS
Mt b 06 rBlos s Emgi L as i o

258 anchDRS 6D ayd DS 25i7r Jhisapbieecinlieips to keapchs ORPE/ithpreiequency at a

. dul. at Di.t her feren Si : T,
mattip B B emigop HEp At By Yl U nRURSF. MBorcd Haween
loops. P 18684 TBRF M8 ey Bhwdhfigiyd sich dmt thesntat maweleadih & adjustable in

(e.g., Verror = Vd;mrdb X Vdittyef x ees((pdit_fdb
I‘GSPOHSBt‘QgﬁiQBRFe‘fUPtTQ}(mSW@ gi ven operating point of the

DEOPEPERYBler sidral -E?%e%ﬁgﬁ%ggqn% gg%‘h&é?@&l RY 2P §ItRd Behtty

a ‘manner sim Far | ator feedback [oop.
changed\h qpiioalRignal gelw@r aZhe fitier’ sGR@Ft DCbsistens wighdhe @6senivimyersion, the

adde 0 the OBPF control setting .OBPFE -CTRL .qut put
changefnay e e o T BRIH DXPRGEA )R ST SEh L o b
monitofiRE e BEH cBir8fiabs B Yigh@peed photodetectors 228, 230 coupled to the respective
outputs of the demodulator 206. The corresponding output signals from the photodetectors, 228,
230 may be added by adder 278.

DR

12



10

15

20

25

provi ded as the OBPF control signal on path 222. The
OBPF Dither signal on path 254 nay be established by
DDS 256 in response to the common clock input Ck 261

whbfhdash al so to DDS 20 258 and DDS 260 andpPRgszadesrsis
Thi's approach hel ps to keep the OBPF dither frequency
at a multiple factor of the Denodul ator dither

DRIQSHHE BE he GBI do¥rolinPhiBat®s b Rhaiet af gnsiudkedt Geadither frequency
| oops. The known OBPF 204 may be configured such that

at the ouiptg of Ereteererdge e gdder pEPEIRYcAIPRICE f 2 ImospGHREreRpus phase
detectoﬁi%ﬁ wikRh &%&é@wﬁ P@t?%l?}? ; %‘?&e&ets%%h Sﬁb&g@d by DDS 257 on

uses c anges nsertion
path 255& glb miﬁaeﬁrﬁtlmDsz 556:tnmsgrbhsh the ORPF clithersii gpabandroseerndddDS 257 to

.1he fi r.s Consi_st en vvlththe
establih H RTTORI RETeraifS 150 il Secteeiout PRt Oyesiont P Py o
timing atdhﬁuﬂ&ftg CRlvORWRE dittier FRALARWVIS bdr8IArOAL tdaalation Barbwidth of
nonitori n% the bias currents of the hi gh_speed

known bmpmu:e:tlleé OBPE's ppg be Migoted dup Freareney rehge ofdeywdbiz \Fbis may result

i G R RO 288t EO S SRR

the OBREEDaBG S thnhlyonamdte? 542%Blied @ tMOOBDD 6ot DR,

PCT/ US2005/ 047318 Dith t PF trol
Thp DS 240 88t TS RGLIPH SRS AI68EE PWRTPL e BPF dither

frequenr:f ﬁgﬁ{ect%%nﬁ%l rtef%?enei:‘ Liget caf Bﬂgecﬁgﬂ%h 218 T‘il-gh.ﬁmﬁ«d §fthe OBPF

e coupled to a known synchronous phase
Dither Riﬁ’e:emtecmgnﬁBlﬁowﬁed by DDS| 257miayedowdveh by héu@splé gby hegntrol input

Sy ORBLOPD BVt BeEoomitt g ot 7on i dygpBre Dithe

Refereridk L84l wiihGRQOBRR Dithes PEABSLKIEXDR Bdr dxamblep teabhiralier P4Emay be
OBPF Dither Reference signal to the synchronous hase

conﬁgam e&t througigenfhyaregrdvere ona AHNAHaR a5 ToieTer s to allow

o e ASEROE, MY i P

Dither Fdettbdcg dlghﬂ aht betimeinshysa vhgefoothe OBRHdither Rofesenomyignal may be

result sub ant i e shi OBPF .
determaipgd RepurpeB S SR aNaE Do SRR, IR g mepsiripe the
error V&léfheas%cn@lb?ﬁfe @Bﬂnﬁith&'ka%i%ﬁbe%%al 3pRdc Rshel Oht OBPF Dither
F control i1 nput The DDS 2 and the DDS 257

Referemﬁgxy}pha%vai@ meslrieh ttedvabis thafmeeximizesibe epmrvaliielper Verror =

Van_sigh aoH SSE1PoTHE AT o Dt M OBE er ence

Sﬂh@ 5} uwf@w sk ciéxec@@&sﬁ oK path)282 epredemE an b)JBPB.‘wjnus $ighl
a control in nchronl OBPF DDS .
mdwaﬁeg giﬁ a8y iy the Ruipsbek the quéf Pyt ﬂaﬁ#lélﬁ'i fegancy. {8 grqr gignal may

be onu%&f% et {Oe gg%é} 44, %f AT é‘la&%%!) di@ﬁtﬁlrbohp&te%?%onvemg the

“For exanpl e, the control
error sigbd tonmgighd etrbr eadnd signat &at praxvesping yrtbe gbntsdlet.wdhe contmlier may

mcludetagégl}(\ﬂ%:{% o d%o gs?almlsﬂ gtnlev?rrb]%tl? e%fntgv@éﬁ? ’9281“ Eﬁ rn:(tj},é:%ponse to the

error value. An optimum setting may be achieved by minimizing the error value. The error

value may be minimized using the manner described above in connection with the demodulator

control loop.
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for determnistic phase differences between the OBPF
Dither Reference signal and the OBPF Dither Feedback
signal. The optinmal phase value for the OBPF Dither

whsfoghRese signal may be determ ned by purpgseistobdlesrsis
m sadj usting the OBPF setting OBPF_V_CTRL and

measuring the error value as a function of the OBPF
Mehﬂﬁsﬁﬁ&fd&kanplarysan@mdim@n,aseof/&b oetput¥ e theBifh sPeedher

SN KN TN R R TE

data patlYSheB ridf ARitnYHothporerfOmé Qéé;h bR the ﬁl%ﬁi bﬁere@ dthFbr dtecting the
gl ven operating point of e OBPF. The ou put of the
change iplsgnel powteelthe glmﬁgwqm thngam&qmsé@ aRRIgv pssion

errar_si .
performgrcs, g %sg%d S{g her e?‘yeéguen%drgd {Phh:gmagéi& %#Hns Hotuding
such add&fi@adboARyentee coupl ed to the controller 244, e.g.

t hrough an analog to digital conver for copvertin
Vb comingpd mfergmcgggf 1§.@ ey afdpe %ﬁa Rligier 5% ey ?%ﬁﬁ?ﬂl‘%ﬂ?
controllécﬁ%sluplrgr d%g%%%%% G e Eﬂgﬁ speRA bh&th 'd@tEctor-EQQS capls Qt,lainﬁﬁe BB ¥ignal

conf i red to establi 'a new
power ns'éibtdemgdlﬂﬁ% opioalNignal.ri.er #dipompet of blmeedmhp@rd@@m%ﬂg and

250, Tk SRR eSS S BB R B R TS g1 s
repmseﬂnﬁg tﬁe&famfme;a fikdl BederRaRdIbY 1e0Fe S0 Photb dbtetths 228, 230.

denodul at or control I oog44 13 WD 2006/ 074020
This oupaTRaSKoesPld 13the controlienéd4 on path 23 ik Bgeahppypy foedback signal.

AR5 B Rl 8, AR st o

feedback exgHilaTlis Eggml the st?bihzefum of thk exﬂpi@ﬂescpfebﬂtnéajatdacop@telmentary
since ng_addi tiqpa ents are .r.equir i.n
data sigpglep B DR laaﬁtﬁoﬁsrfef‘égg@ée@ﬁgﬂ?rﬂéh o higlhnsed PO, &18‘31)1'3 15
mdepenﬁ%f tifd é:ufrgﬁ sOkih b 6F thb 1BAHANSYr, addinfly bé ﬁt@:& |a§fc§$hd @nplifier loop
roved transm 8sion 5 performance, |ower cost,

and
regardl@mﬂ the statis péthedempiidaton dée @@ﬂb@bfﬁwm e lqvgl detector of the CDR

crouit i 1 A DRSS eGP 205 SUERaP Ot pRARARTRATER, °
Demod@fiet bid @by BOwsed Bt tb@azdpﬁ%ﬂb@ﬁfdl Yoop @ﬁjah ﬂml deﬁﬁ)duhton 13 Iocked

f eedback fromthe h speed phot ecto s 228,
iibs e ecopiey PPt oo e PORTP e ¢

ﬂmough%ﬁ’ft%vo : e% lor 2 ﬂxgbmgﬁon cﬂ'ﬁkg anﬁfso%&@ %?&Qde a Pour ser

ors and 1 I'n the il1ustrated
signal t&ﬁﬁl’ﬁm}ﬁlﬁyr ﬁnﬁmmnr&mtrﬁsmha 10 mhepﬁlgnabf’owwe?e@tﬂtd@ SI@&B Ths% level of

e ol ot s ABh B el e T coming o

signal ﬂf&@ﬁ&@ pS0. 2?&» cotaBter oldli e REtiRREd WaNodIR tEOPR)Qdr dihal in
he controller 244 o relﬁgath 284 as a Signal Power

reSPonsr: éedizagss iBityritignal Pawerdeedbesk Bgnpl torlep tlxe, SigpapHewesffeadhack
signal cgj%xsfgta;ng{ %‘ﬂ L%Puﬂ)rw& i" erof %l@eaa.rmepf()%%yﬂhg?gar?% Be Pour seT

signal is varied by thc controlier 244 to maintain a constant Signal Power feedback signal. Asa

result, constant optical power is established at the input to the high-speed photodetectors, and, to
some extent, constant data amplitudes are established at the input of the CDR circuit 212.
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feedback signal. This leads to the stabilization of
the anplitudes of the true and conplenentary 15 data
signals at the CDR inputs. The feedback signal from

whbgehb@hy speed photo detectors is independepiQipnihOsis
current setting of the denodul ator, and nay be used

as for the anplifier loop regardless of the status
Sificet thehidie speti Iphbdiodetechire 228 @40 arckodatedrfithidre (QBRH 204, most of the

out-o LA EOF AR SBSEY SRRSO B SRSy OF Hotferetor
228, 236, h@onngﬁm oolﬂ?ﬁt\/\%ﬂn 8tele BBYIIRS 205 BkefiRfisd th eheAdTiRbt bE @

t he dem)dul ator is locked.” 20 In
photodetdumra 1280330 ﬁuewsdmmye@mhpmﬁabwmm¢% Feceiver

perfompi PR GRS ar R b espEs SR Tk Feopsens ol
(Signal bl WidEtvind &\ SE RAALY oSlplt pdied Abe. LA it Reovaypibieh Iﬂﬁanqﬂnﬁer is
ath 218 in response to the_Signal Power feedback

0perafe£mg‘16ra$tam PH@UL Bapear TeAde, P ampigsr Prgides pgAtant gytput power with the
t

i LT HEL 8 0 REE R BT e

system comsistend Wwigh presant tventoonf wigpneie thetstgnaigiviey feefenclaignal Siderived

i gnal 5, respon an in_the n
som 0 e PR Re A BERER Vet S 08 Bt o
o2 bnE ARG @Rt of theoRichitbut RRWEIo BRUimpdifiet 202.
thESlgngjrrl‘pllfl er 202 ) th%@évarg as the PQJT@GSET si gnal
Ageemer emstsyent w@ﬁ@mrw@ml igyenfigm map alge pheenfiguepd to provide optical

transmng ns an ing I%QI%S %%wgco&ﬁ§%PWﬁ§h&E%§J %d%ﬁerﬁegefsedﬁﬁiwable using

power 1S esta | npu
FEC coliiig. hlngg?&né‘tﬁle e dysin taditac tvith the iavedtion may bopenfizated e disable

the recer DIYGISHACE DP L RO SEE4 pd DR S AGRVhen (e incOHRing opticl
signal 1?%(&1) gé@é&%ﬂﬂ&@& ﬁlresﬁbﬂ%d %@e&&x&? s FPeHcoder cannot identify

tectors 228, are |located after the OBPF
receweaam Gostspofidingip, thel ampiﬁﬁdm 2l map be enabled flien diedgcoanine optlcal

nly si po and i d t
s oA PO bR YESHANC ) B8 RRGRER Boier portin
is not n{t&ﬁlﬁéﬁlﬁs'hﬁﬂ 18O céifericas PoMEE thisalata TeonD thepnkontdfig bitizal signal.
gqotodetectors 228, 230 thus results in i

d .
G divsisaek pxasnlary lempbadimst. i gxaoRle-dhe ap ; %fmgy include &
known Bl%rf:xﬁ IRACESLSMBE &eckin fb@% HiveEad beme ishis 6btfc£l%1gnal and
1PI er 1s operate& %‘I n

stant total (Signal and
providing aiemapuﬁ PASEN @1@ el pathﬂﬂﬁ;tremmﬁauvm@féhe input mowenpwel, Also, the

receivel S (BT CFE! DB RO RP PP UL ES: HEC SR PA R e dicatng
whethep@é’é@ Is Béﬁntgf}eéoﬁ@red KRl Be RRLWBRILPHBA sihdiN ahe 8RS fﬁ:ﬁtp&ﬁmay, for

dependi ng on the input signal | evel and wavel en%
examplesbess knoyatiiG desndéradiindighion spbas IPT (refiame), OF (loss-of-

t.h I d d
v Y5V PR, AP Qb SSoaRk gl s 0o ve
trlne P& \eadutid ‘ﬁﬁﬂuela&p&ﬁ&kﬂ%lxﬂ@dvelcﬂﬁjﬂﬂbﬂhd emﬂ-qller)244 tlong with

gnal | evel and wavel ength of %AO tical . input
the stat§$ W’c of the i gqgﬁfiq’;rf%8§.r Tg%)g)ntroﬂer ay provide an output over an

interface to the amplifier 202, e.g. a SPI bus, o disable the amplifier when Py, is below a

predetermined threshold and the fault indicator is provided on the status output of the FEC
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A receiver consistent with the present invention may
al so be configured to provide optical transient
protection in a manner that accounts for |ow input
wsh&atsopewer | evel s achi evabl e using FEC cegimgzoodiii3is
general, a systemconsistent with the invention may
be configured to disable 15 the receiver
decoderp:lSE Angpdantroker 220 2ndyenpile tiecinplifad 28$tiroana HiStbledbemiditioarwhen
when the i.nconpin ptical signal is below a

Pmn“”ﬁﬁ%%mﬁ%@H?ﬂ%@“??ﬁ@g%ﬁ$@3and the receiver's FEC
FeC 94e! hI6ANARY dlaBRR bf dhe ekBARIE ¥ Sen@k Brotection process 300

Correspondi ngly, 'the anplifier 202 may be enabl ed
consistentretth the@rdsentorventjon pThakipek féqvg diagrainrie rlatsated wish ¢ @artigelar

sequencgsé%%%@g: ﬂ]g ? pprec%aq Ag%ﬂ‘g { tr}le seﬁt? nf d %nl A yPrﬁmdes an

errup g as
examplé GORMMBE gErRfal HeROVRIlity Bl@cﬂ&ﬂale]feﬁﬂfmﬂnh anlﬂm@ﬂﬂemgFurther each
optical signal. 20 In the illustrated exenplar

Seq%n@ﬂﬁﬁawsrﬁé’ﬁ% notfhgye %rﬁ&F%“Edtlﬁéh%%%PFﬁiS%‘Fe eﬁfrgyherwwe indicated.
ntﬁé ude, r‘ﬁ)?ar}r E{'ﬂg&ﬂnﬂeﬂﬂ e phﬂ%’iﬁ% ut PEHEALRI rrfa?'he detected 302 and

etectl e power [eve e“incomng optica
comparsd gpanust zaprddetq:mmeddhnghcﬂxm%tlﬁﬂlb iR levebis aboveghe h

286, . repr tive of th i-npu ower Jeyel . sa
prodetefipasd (iEREATY S0 SepipputaxeiEy 388 Sragpeaty dacsedptfipred. 1
the mplgzbﬁéit leve® nﬂwe%@ﬂ@tﬁ#&e%nﬁ@& 8614 3000h&ahe B&ldmon of the

ether data is being recovered fromthe inco

FEC deopsiet may be figjerigd 30ftrad seanitgeed Senafgult sangiition§os.n g‘the lgEC decoder

s T Al RS AP AR g
pass baé]@idtste@fB Opufithe FE@We)odenindicEs £ faok semiition B08] e.fr@OE,)the amplifier

he Pl NMON out put of the anplifier 286 may be coupl ed
ﬂmybe@ﬁﬁmﬁ%ﬁy}oller 244, along with the status output of

e fEGm ?Eﬁ&%&mﬂﬁ&i H W ftigiRt ﬁlﬁﬁtlp%e%éelw H%rdétébfé@ 312 and
an output over an Interface to the anplifier
compared ggaimt BPpredetsrmined ﬂr@hblldé 1¢hds mglas fhe@pwm@ﬂelm be,low the

threshopf e Sorfpsiiood R BOIDETed nOSE S Bof ferb{ebt e prpgegermined
thresholkb thé@n2A 86/ Iﬁgwl?) LS8 b F&S bakaodeRp 3888. The

controller 244 may enabl e the anp |f|er 286 from a
i 1serBTE gonsistrat vitbrbapretent IPNTIVGY 8 8B 6ORIGUFRE to recover a data
clock dg'gﬁg%o%{ gc@xv%&‘ Ergﬁgl grovﬂe h% itleP toferic@CHy %éngfﬂl when data is
one exanpl eTa transient protecti rocess
modulaBd(n apdaiEheodtical mgnaﬁ e RE-EHWSET formatdimnt dagenis cﬂikned by tekphase

flow.dia is illustr MAth articular, 5.
modulagih e B8 P hov et i A EL o RROR dstpelsaBi e RZ part
of the rﬁ&ﬁﬂaﬁbﬂ CorRBHMBNGANOHai LIBBE ABE R, BHeQYdi@8ayaR recovered directly
exanpl e of how t he general functlonallty descri bed
from this drcemingrentictleignabbyeardnteasity-demodnlating deaich (¢-gatpndprd ehoio-
detectoé of L gn%dtg N ocfulaqgél tlcgl skf a? gﬁﬁlggdégﬂta&@&tﬁé 9&%{ that both of the

esso eI‘WI e I'n

mtensn@)hﬁ:ﬁﬂﬁ]a&ﬂ)bpﬁﬁm elinge ke, tht Hemeduditd Tores”iang titergOiywe atalable at the

be detected 302_and
outputs ofy the DPSK Demodulator, Recovering the clock directly from the data stream allows

use of relatively wide-band Clock Recovery CR circuits, resulfing in a high frequency tolerant

recelver,

16



10

15

20

25

conpared agai nst a predeternmi ned threshold 304. If
the i nput power level is above the 10 predeterm ned
threshol d 304, the input power |evel may be

w6k |y detected/ nonitored- If the i npebTReWeE047318
[ evel noves bel ow the predeterm ned threshold 304,

then the condition of the FEC decoder may be

et eahggadddhearempRn énicdtndm bf arcbeiudrt2000 nelisistemh wa $he

| f the FEC decoder __does not indicated a ul t.
present wypRtion .véﬁrcgb@Rerﬂl’e?»K PRcah P Sgng to S?@ﬂé}ﬁ@w’éﬁ SBYRlef to a D-

ﬂlp'ﬂo dec 6% er in | Cat eﬁﬁsﬁ% ?J(%%)?Ibtp %g 3%%11&4&&1 @%a%y represent

the recotéred, aeritniefl bwd contbrietkip NRZ ﬂ]rmalbieed da3tGire@nc és tshawn, an optical

tap 406 Y b R U BRHOL BT RS ORPHT R RhPPSE

signal t@ﬁxﬁﬁ%c@itéﬂ PRthdeREes bl @itk pAs4100 Mhedsitguber the pBdtodetector and
| evel is below the threshold the conparison 314

amplifigrgein 410 mpibe ewnplediie @ bepdpaseiiier 418158 hé&l@é adangvpdth of several

undred3PRALER TR fl A8t el B B 188, Thoonpputof

the filtef ex:fmmelse cgmpﬁd $¢ & Hiitmgf dmilifier m@m;tlaapmgethf ﬁb}:recﬂmgnﬁ.e When
confilgured to_rec a C lre romt

the demiogueiot GRS BRBL DETo SO EARIER: e Cph! e b oo 414

may be gg)t&?{f:&lf el éha%r%% 2R} 85LaPR BNfrbq A difg:he data clock.

si gna DPSK format the data is
The outpairaflﬂeadumymg Imp]mﬁca:s%ﬁi nryche lcaunieshiogh elepigicalpielayagircuit 416 for

o A rabROA R ot Rk Bltel aFPAY 47k MR A28 1Bt e

mputoftﬂ@Ddﬁb&lo@ngCKnpé@s&ZG agpl t, the clock may be
recovered directly 25 fromthe incom ng opti

Themsaf owijnagyskilhineths prtyrill srreguiredithal ghejacqmpine (igtagtream may be
tapped o (?&Qe@?ﬁd%t Qb %( %ﬂgéﬁlﬁ)ﬁgfn)thg %‘% ; agetﬂ]c? %@%%r% data clock.

I'ng adv e fact that
FIG. 5 lfm'tdﬁamf)lel xﬂestrajtastaamxemylarymunﬁmwndpﬂb ﬁulrecwemgﬁw data clock

som e o RISt S0 0 QneR A ZSEOSE AL o the o of

the phoﬁs%@ﬁéyt%f éﬂ@igm{;me%aﬁlgoel 710C Ws)shbwdhd de-taal auphis @ame
use of relatlvely wi de- band O ock Recovery

Photode}:ﬁcrtvmmd gmplifiey pairs 368,240 aalibg krppedafise theyadiusiableelay 2§@ g and
combmieg %}3 2 ¥?1J1’é)iler %90 V\g %%%@/ ﬁ%ﬁélgiz OF{%%EPH{S%&Q% {;{913)? 2580 nﬁg te ccﬁlpied to

exe recei
a band g&b@ ﬁlteiocnsz; shmrﬂngvmtﬁmﬁbhez 4p embandlecirivabdrlayorirontidi € id freduce a
SK opti cal ut signal to the Denodul ator is

CkmkHﬁ@bﬁﬁéﬁﬂﬁﬂDﬁhEﬁbPHB% flop 400 as a dk input. The
Ot it al&fmahbﬁc&ﬁg'ufaﬁoﬁ hop i# Wrstrfledin 190, PakE H @, ifRied

represent e recovered, re-tined and converted to
outputNRZhe mpiﬁerss?éﬂ; 242 atsaciatest widhaine ph@ociﬁmms 2&81 23ptrespgbtively, may

406 _ma he |n
be Do B AP o RHESFRY 4501 PO PO B Ag e e conplr 500
may be coupled to a band pass filter 412, a limiting ampilﬁer 414, and an electrical delay circuit
416 to produce a clock input CIk to the D-flip-flop 400. For the best high frequency jitier

tolerance of the direct clock recovery architecture, for any of the mentioned configurations, the
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signal to an associ ated photodetector and anplifier
pair 410. The output of the photodetector and
anplifier pair 410 may be coupled to a band pass
wo bdob/Bis0#12, €.9. having a bandw dth of sevepetwszo0s/047318
hundreds of MHz at a center frequency that is
substantially equal to the bit rate. The output of
electrical agthiof therdadipatinfgm e mintpited the clack path isiinigiawdshérid be equal
414 foy reshaping the filtered signal. Wen 10 the
to that of{bg61GK BEtr input is an RZ-DPSK nodul ated signal, the
B bR ford it dlal PR e el Gor @MBdrtdtaf phadd éhift WBYinPMoBulated optical
periodic electrical signal having a frequency equal |
signals that prdreddsreéitpinm eyd shiahlh demaduativno cheeorditgto one peneclpthere is
., the limtin lifier 4 b e . . .
provided, 35 appapisy SRR & 00riaefotor (P epRu DLt R AP signal having
data modlhtes traRlof atkhrdig tooa BPBYindditioh Gtaats gnimodulapabling
418 wth the data received at the |nput qQf th
configumpd 9 snit fhegtietl FPupHRA PR firsiend goepnd S d oEae first and
| bt anl Ldidrs HRCQSNbEEetRRE bt configured
second %g%l%%?%‘t% l;ﬁ}l' Igtl agii rlg%ég%& ﬁgtg/&%égé&érzsa’pped .{011? deteect_ ed a c%\ st
for providing £fist elbctticad atiiponis responsedo Hiedhstaptiead oumrbbsieg inpaged
recover, th ta cl.ock. .. Fl 5. f.or exanple, . :
thetcony i SRPPLRIRCo oK BT AORPERES PP YRS R B0 Sfegpical cutput i
responst R &cbAPopteel Saha being Siparfe Gierédtlart MRN8 Hlta
formatted signal wherein the clock is recovered from
recovery pigcugiwoppled toffirst and sprend slestisali Pyl the dnperpier glock gngd data
recoverf et PRFSAR prine £LB v ERbup BT S 1% ol leve
of at ledsBirieef iaf firerant] Becoad plsstriakil cxtpats; ad 2B HiroAerctonigurkd foe groviding

by a coupler 500, e.qg. 6dB coupl er., The output of .
a demO@ﬁ@%@a:mgérgﬂ@o@ IEROIKdo ﬁwﬁn@g‘e output fon ¢p g3 opipal path
e LG oGP ARBviad £hBGbE F&rakabilizi
lmgthogéﬁ%gﬁg%:ﬁ%%ft@%{l% to prg%ﬁgy%% clock input dk tt)zmga
demoduiter dafipupd fd spiit 4 DFSKAnondited oplicabmput $i onto first and second arms

sad progiig et e pep b aPion i PP RO elifhol, Glupfing Sfopteuy gpthe
demod?ité@t@iatﬂit @ wiell Blobh endodnd Rdetcertinul, A2 thieg?d€] clock and data
pec

rocovery gt eBMECcoREEvigA BB vING @ 8 E08IeLP BB BB Hha gl level
of at leéfggnecog%%l %s% A ecdibubiast Qﬁ!ﬂkr@ﬁdfng a%eﬁ@ﬂﬁaﬁ?ﬁﬁllgg digfl in

I'ng anplitier 414, and an electrica
responsged thy sizinaldevel oubiot conrolithgee oaticdl path langfiuif o6k ki the first and
the D-flip-flop 400. For the best high frequency
secondgMiy ey tol erance of the direct clock recovery
AcedHiing e M fher hecBthOvidiRn WAk iOREAded an apparatus including: a
configurations, ‘the 17 WO 2006/ 074020 . )
demod RGPt fuSdo0adleating B8 optitad dnput senal,| thdampdylatar peing goafiguedo split

fr.am the poi nt er.e R ESe L L : .
the oprif i SgpR i FlgSpicR oG S 8 bdfefhat oups; o
first dithbrSropit @3¢ iegiaiblishingaaiinedulafop dithtir kfgeslemtortloliphmadigehd fdr
providilr(lg Z Idgn%ogﬁgtgg sae%ti%% s?g%ta.{; g%lombiner for combining the demodulator dither signal

and the demodulator setting signal as a demodulator control signal for controlling an optical path
jength of one of the first and second arms; a second dither cirenit for establishing a demodulator
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signals that provides efficient and reliable
denodul ati on. According to one aspect, there is 5
provi ded an apparatus including: a denodul ator for

w8 efRMAval i nNg an optical input signal havingpcgatessrsis
nodul at ed thereon according to a DPSK nodul ati on

format, the denodul ator being configured to split
dither refeli’%lc@ ﬁ@h&_ﬂﬁdmd}@@mfor Sd':tgﬁﬁh cﬁaﬁgfoi bfos'tdiiiynil e sigral ?lll response to a
and provide first and _secgond optical outputs; first
feedbaclaﬂfamg EpEeEnipRe S dotedet v ,0_? %f_ﬂe&?? ?‘1*“‘?? ﬂ&%ﬁ@&é@%‘“&% pptical
outputs %ﬁ'ttg%?&ﬂmw Bl Jef&‘erﬂig 41 89 chtrlol1ErFeir &:ﬁﬁ%ﬁr&@fm‘ providing

In response to t I'Tst optical output being
the demddnaort setfing Gignhlen ecsponse Meths demndulghotrod stensl dbetsds plgo

i L5 bl RS S5ERE 5l S R Yo oo

first andl SBRAE ke 88Hr6@E fAPand YebeHdaiptital umpats, e thetaiddncluding
recovery circuit coupled to first and second

providingladirstrdithen cirsyit fon establishing ademndyiaiy ditheseienalk gomzpllipe av optical
Cecove . . . . . e |

SR B 9y B i, B o g o

demodulab@stitiop signdl; proeidfrigrastecaddiitherdrudit frestablishing aglemodlstor

. and a contro|ler configureqd for providing 15 a

ditho RS VERR A BPETIGS Bt GHEAo oF SR el ) ety fredback
; ! J2utsi @l 16 B hQkdst Sk FMhORE £l sedidtt bptida® BGHhEs and
mgmﬁn%fﬁgﬂgﬁﬁﬁdﬂéﬁg&fi?st and second arns. Tﬁgre ig alg%fb o
the dempdwatpoditheareferetrsdignel st abilizing a denodul at or

onfigured to spli.t DPSK..f or | d :

Krgrie srgtbr e on ekt el A S ORLL Y 4 Rl opica
band paddfilics BEQBELINARE i GticolikPutlsiznal eingeiuiaaubdutatdd thérag according to

coupling an qgé%yt of the %gnndulatoggho a%t flter f
 DPSK| modsiption dermccrdensduiains caumleskio i oyinat 9Ydhy pandges filter for

. ioAnd ' | dniib@k Rftical input
R S
signal on@pfirsised sedond ermd arsl Bogdeafirst andekcondfoptital buauts; §rmeawst second

the first. and second .out puts; a rowvi di n - :
photo deiriert AN PeRT TS ey e SRy deeiopl gt o
responsg f?d’ﬁla figdd bptidal b@puCigl iBiphitdihaBon id wadndphbiddbedet Being

one of "the first and second arns. Accordin%ﬁto :
configupeddotmpvidingececard desEicahoipitipFespamsefodhs secppdyogtgalpuipypt being

. tUS, | ing: . a. - ciomal in 1o
St QAT o TR 8 186 gy e
feedbaok@igﬁ@lfﬁp)ﬁidngtﬂige of tignad pbiver intﬁeaﬁramﬂ fsgiom'fi p}ﬂcﬁi@iogtpats for

onto first and secon s r ovi i rst .an
control R apiencs HETOHEtE gt 0P8N B Rt DX RGP PETReed ot of
control%n};ttﬂgo q?&'%eﬁnﬁ:ﬁ@%‘bﬁc?f beb RIS BNBkseiver for receiving a DPSK

er confrgured T provi ding a denodul at or
formattedonticalsignaly g method tvbiding: cupting empyitpitieg therfdter to a demodulator

o Rl B SR 0 ST g

optical 6@Phis ObrbliBthgdstRRH kédhd pBdib d3Bcib Nt Firsophaodtaetiorbbiag
first and second arns; a second dither circuit for

configugask fappiogiding Brstilpgtieal QEBHE It 165PQRSe 306 £ 20Dl output being
impaﬂe%(a-éré’&g %@e@o‘}lé%gtodetector being configured for providing a second electrical

output in response to the second optical output being imparted thereon; and providing a band
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dither reference signal; and an error detection
circuit for providing an error signal in response to
a feedback signal representative of a signal |evel
woboRlo7dogast one of the first and second opt ipeglus2005047318
out puts and the denodul ator dither reference signal,
the controller being configured for providing the
pass filiciesetinhy [snalrin sesponsado s fagdbick signalegpreseniativeofithefirst and second
. denpdul at or ror. signal. There is also 5 provided a
ele@ceﬂgpg;gg fgrfcog{rg P i SRR CL AR %ﬁ’ul ator configured to
ARdokdin@td DthcE SHpedt M tHe iivAG, 10R R prdvidedlan2PParsi@s Bolding: an
arns_and provide first and second optical_outputs,

optical arpplifie oy eEnplifang an onsicalsignol ving datarmedifatef] thergpn according to a

. . est SN . -t ;
orsic il e Y SR e G
receividgithesdptieaidiignal; aridmaduisior coupledjo tieemtptifithiital dooituloduleting the

optcal g SRR AL GRIPEAPERBIELP REDH oS Pioep stina sy gt e
second SEIREH hafRTe fhS ML EERLd 6?%{?! &H:?ﬁs :Sind B @batrdRE for providing an

__generating the denodul a setting signal in response
amplifi¢reetting sigod) aw kespaise trad feedipelesieral zenrssentativepl sisgalaower in the first

| evel.. of at | east e of th i I.St:: I: €.l
ana seeyft e oufes RS Selh gbl o R CPRFERAB QRS AR o
methodAE cattebliRG tho gain of Hepticabpeanplifietine rédeirenfar esteivixy a DPSK
apparatus including; a tunable optical and SS i
formatteq prteal sighal, ﬂeecreaﬁtwg@daﬁmsmquegmg 5}%&% f &%&mﬁg@q th gr optical
band p i BBLAL B LRl S0e ARATD £ PRSI Rmoflaf Hipued o sl the
optical sitndl betolfasdng as®ni atnsandfporvidesinschnk sedond opticsl owputs;and
..l nput signal, the denpdul ator bejng confiqured to ...
providiagfi i Sire S MReron G PRSP g ob gt
power iR HHBAANhIREQAIBtild] bifpuR Ask BRE6INS: BBlgh@al out puts;
first and second photo detectors, the fjrst i o
plrendineteamather patepipidminyepiiendhers is e udedRnRpParatss fapfuding: an
. ot . i 0 . ' igal .
optical %!&?%%{r %mr%%%é? %@:g;a{ ﬁl@?ﬁ% Al b QekB@udeh! a)tupﬁ:ﬁtté 68 amplifier

the second
for denpliahtsedeefromn thedmaliGpa civhilg an EBCfdecodper cxcuiticonfigured to decode

second el ectrical, output in respops 0 the _secon
the datagdite FroviiTASaLL BT }eP‘?Pp%FF?%mg Ak Bl n draeRe %hé itz and a
controlePHIHERted For BEabRASWALDULE PRAG M%_?Ie%al: dt e opbdl i}t signal is

signal” in response to a feedback sign
below 7 ppdetgrmedtthngshodd argl the Fultpedigatoriinprowided by the Figglecoder. There

. secand el ectri.cal outputs.for. caontroll _center .

s o RGN Gefone PRe<B Bbie btbionfidp st Rl B8heL A 8 an oprical
amplifiBy s Gpcad sighilRedief, theaehodinkiudihg! Menieidk@rpower level of the

) wavel ength of an optical band pass filter, in a

input sigagisioriformg e et eqngitiog of apbiik deepdeiordeqodine dpteimegulated on the
o 8oy A8 PP OGRS hDLRD OBV i
threshobpdnidahd faglt gomlitianefahé FES decddr is @cionattdar ms and provi de

RSBmO BB B R B

demodBiBioP fbr AEABAIISIHAM dpBkal RERY sishdl Gadnd ddtSio@h8eH Hiefdh according
output in response to the first optical output being

to a DESkyaeduefion{eresthe depodiaterigingice edeletsplit theppitgal input signal

configured for providing a second electrica
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30 output in response to the second optical output
being inparted thereon; and providing a band 19 WO
2006/ 074020 PCT/ US2005/ 047318 pass filter setting
wéh&lRAhbd) response to a feedback signal PCT/US2005/047318
representative of the first and second electrica
outputs for controlling the center wavel ength.
onto firficmdisetiong amms zaudqlrdnetﬂe ﬁxsmxdtsemfndtobacail nmms i fonst, antllsegoed photo
IS,.p appar at u ud| tical
deteotor iR o4t ppS P AR Bt s prov oy rsCfesich poutin
responséad heTREHIpALL @uﬁaﬁﬂfe%%’lnﬁﬁﬁ&{ @kAR8n, e @cghd%kﬁdetector being

modul ation format; an optical band pass filter _
configugest ot Broviding sscenstdlesaicahongbutiin easpanse to the @@pnd eificelhmutput being

mpaﬁe%%%rg% a%io%ﬂ ?’%de %kﬂ? %?ng’ﬂ 1%:\1?{ otoﬁlﬂgcp {o%gs’(ta%% %(-?C?% electrical outputs,
the clocki e@aﬂaihta rédveefeirositbsibOcontfigired t@pmfmdg el OaktplitQeSiPdentatit-hef the
o S B AP Boe B R SRSl S B o
and datg QLY QY bREuif e RIS, @Rpit BERE bdiRlired 84 ploPRle g%@{ermmed

I n response to a feedback signal representatlve
and pres¢tghegiricplodeday df thet degrespionding eBcing cxtrubrethtivptd e bther electrical

output TP o B b e et o Bl defly teeon it

and secgd Ble€tfical ofpluts@lassptiated fipdt lahd Scondptdvidderelomah afr@eiver for an
receiving a DPSK formatted optlcal SI na

opc gBR P ol gF e Y s FLLL S
method fleiffin@ b vRR B aPAB TG HEIE findD %h%% 18 (A b fontiat

delay; mdl setting ite valopta thatl coms;madimg: ot hhe best &ansansilcqueﬁndnmms

rovide first a seco tical uts; and
Aoty e peet e G ongbate SraP i H Hedisante iduding o
data paal ﬁ@lﬁ@@@%e&’ﬁcﬂlﬁﬁ%z SRlcBtA0aRhd éﬁﬁoﬁﬁzaﬁhﬁﬁ @gnalmwﬁ dhtR
first and second optical outputs for contro

modulaieitbegapmacemis DB Shirosdhiation Syt tgtdepiodelator bemg
contigdy R 351iEe bl Bol et B ARy SERY B Bnd PELEEERS

second%pﬁéﬁé bll,ltp&ts,c&ﬂl'fﬁsﬂ aa]tci gdcofid ﬁ}i&t& det&aﬁm}shﬁe ﬂﬁpb}h&drﬁeictcfr @élng
uatln ta fromt eoptlca |nput Sl ,oan
configyree-{og BrOyHERe %gﬁﬁ%}mm ﬁflﬁpahmé%ﬁp%%a%@s@ést@agﬁ gutgy being

]mpartemﬂerk&l a{eg,\éb&ﬁ fofoibliod mgcmwfw REEIHL ff%@n@élecﬁiaal

fault I'n decoding the data; and a
output umspogeﬁrtedha‘ sgeori qﬂbﬂlmgm h@n@mmartéd ‘énerevm;emimuim ooupled to the

I l. .
T L S g T g
data stRi8 Vé@Eniivd dfehdEfa BEEQREa8e to RRICR inpubreplcSdidtive vi & 8dck

a met hod of protectlngvgpalnst transients in an input

assoclaéngwm the gprs ad acdockpaliponpling = periinn dfiasignel orthe dige p@té fto the
i 3, 808logk L ey A5 RAARE | AL A B o
recelvei" hanitg £ datal path drhefinganddnie@uthes dotaterdodnlatiecodiptigal dadua signal

. dul ated on the optical . si |;.-and, di sablin
having o pd therepn ﬁﬁf@ $lo Sﬁég%c}u? E’Mﬂzﬂe Eemodulator
being BREEREEIHEREMe optical input signal onto first and second arms and provide first and
second optical outputs, and first and second photo detectors, the first photodetector being
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threshold and the fault condition of the FEC decoder

is indicated. According to another aspect of the

invention, there is provided an apparatus including:
wézoo%fﬂﬂ | ator for denodul ating an optical ppP¥E2005/047318

si gnal having data nodul ated thereon according 30 to

a DPSK nodul ation format, the denodul ator being

configme@ R ipSid@Ak & €irss Plebtticdl Datpapinirebnienp the firktgmebal oRPui/@ing
2006/ 074020 PCTI US2005/ 047318 _ ontq first. and seéoln%iai
impartethesgomiep W@%ﬁ&?@tqdﬁegf@rh%g%@gmé%ﬁtﬂ%‘a Dy fSPRFTS Slectic

il Lok 6ct | #h8 tnethod including:
oupe 30 OHE AT Qg SLSE I St Lifch 8t i
providinglarsicit caipledutd ghet firsrand sewmpd Alseirital ottpatsf the sircdpledieggonfigured

.out put being i rted thereon, t second :
o v St L DO B S Py S B ok g
represert @R 08 BloBIE hdsh&itbd Vit datd) aficE SHQINBE alpOrtioR@f 3 &ipasithn the data
optical output being 5 inparted thereon; a clock and

path to Hatizcuiies dheedlgckdnp@ui t coupl ed to first and second
| ect.rical .o t . : i
Do ter R b pes B Po Pl BB AR S Yihich ulize
this invérftioh a8t 3t ﬂldﬁla Bébre bhevay dﬂﬁhstreainﬂ b?t Imlrt eflimitaticn. dddngyother
circuit couple et ween t one.of .el.ectrical output
embodigges. (HECTEVHLIE Tosly ARRREH R VLTI R B o g e il bifout
. ' oy ' hd@v&iiahi gured to provide
&mmmé¥§%%§%£?§bﬁ?§% K%%%fﬁégzgﬁhelectrical del ay of the
corresponding electrical output relative to the other
el ectrical to output. There is also provided a nethod
of conpensating for a differential delay between
first and second electrical outputs of associated
first and second photodetectors in a receiver for an
optical signal having data nodul ated thereon
according to a DPSK nodul ation format, the nmethod
including: tuning a value of an electrical delay |ine
to conpensate for the differential delay; and
setting its value to that corresponding to the best
transm ssion perfornmance. 15 According to another
aspect of the invention, there is provided an
apparatus including: a data path including: a
denodul ator for denodul ati ng an optical input signha
havi ng data nodul ated thereon according to a RZ- DPSK
nodul ati on format, the denodul ator being configured
to spltit the optical input signal onto first and
second arnms and provide first and second optica
out puts, and first and second photo detectors, the
first photodetector being 20 configured for providing
a first electrical output in response to the first
optical output being inparted thereon, the second
phot odet ect or being configured for providing a second
el ectrical output in response to the second optica
out put being inparted thereon; a circuit coupled to
the first and second electrical outputs, the circuit
bei ng configured to provide an el ectrical output
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data streamrepresentative of the data in response to
a clock input representative of a clock 25 associ ated
with the data; and a clock path coupling a portion of
a signal on the data path to the circuit as the
clock input. There is also provided a nethod of
recovering data in an optical receiver having a data
pat h including a denodul ator for denodul ati ng an

Whatpt clambediinput signal having the data nodul at ed
t hereon according to a RZ-DPSK nodul ation format, the
denodul ator being configured to split the optica

1. ingﬁ{%gj coffBrRirgh r st and second arnms and provide
first and 30 secon§ optical outputs, and first and
second pheemodanteet firs demhéulitings tanplopticad etrpot otigiséi baying data

006/ 074020 PCT/ 1047318 onfi qur for, .
modgfye RTTEh 3 POREe ool PPEM TRULIIEN FioPa e deprdulator being
confififed td Silit QR dpAkalQHpRWigrRPOMY firktiRArb&shdt Rk @0M prdvid: first and

second phot odetector being configured for providing a
secopd epfiepl@nEmits i cal  output in response to the second

opti cal t put ' [ r t

Rl udi AoE! B s ol ARl R, A SO qUieolf SO cqpfigurcd for
provdiglg S£ €ieN diekbel lougalt ieutpohs:, td ked dirktcopticabeutpgt being imparted

configured 5 to provide an gﬁectrical Qut put data .
thergqn, saifh seepdgdeindsicrios being cagtigaed far proeding ssecqnd edectrical output

: &%g i j Jo soci at ed
]nrﬁ#t f%gﬁgg?gﬁggﬁgéggﬁ P%%gméﬁgﬁrtPg%%% “a signal on
t he data infegtded olocheandi datai fecasery k@rcuit aokpledptot firsThemd second
embodi nents.that ha een, descri bed herejn but sone .
clec§{cal HUPLBy LM CHFALENC 0t FHb S (RPETY AUGH POPE SSRSERG! to provide
a si?ﬁﬂ 1dRl Bﬁi:g{}@fﬁgrégé!m!@\)é & o bihdSEFAlE aniehtonRF s@id first and second
Imtation. ny ot her 10 enbodi nents, which wll be
electrgatipiitputappar ent to those skilled in the art, may be

ana scagEornenaaane BN Ebb SarbedEB hdferdferkt o

An appﬁrd@hﬁ‘&lé‘r%ﬁﬁ%@k@ For prodtRAmAE daimedulh@F setting signal in response
denodul ati ng an optical input signal having data

to spi8 gignak level ot odaccor ding to a DPSK nodul ati on
f ormat c%ﬁl'b?neg 2o %%b%gg sggldtgglo]dﬁlgﬂ)% LEHE G0 [P af?dgp g&{l& demodulator
said optica |ani signal onto Trrs And SeCond At TS

settiap Gighabyd delefodskatcandntrsiedgnd foptintmliimpuinduditicrihg matoptical path
and _second, phot odet ectors, said first photodetector

lengble phopecfdeidduptemndrsssondsi@yi ding a first el ectrical
output in response to said first optical output being
i mpart ed

2. An apparatus according to claim 1, wherein said controller is configured to control

said optical path length to achieve a phase relationship of kx, where k is in an integer value,
between light traveling on said one of said first and second arms compared to light traveling

on the other of said first and second arms.

3. An apparatus according to claim 1, said apparatus further comprising an error
detection circuit for providing an error signal in response to said signal level output and a
demodulator dither reference signal, and wherein said demodulator setting signal is provided

by said controller in response to said demodulator error signal.



t hereon, said second photodetector being configured
for providing a second electrical output in response
to said second optical output being inparted thereon;
an integrated clock and data recovery circuit coupl ed
to first and second electrical outputs, said
integrated cl ock and data recovery circuit being
configured to provide a signal |evel output
4. r epuesmrtats eeonfing teickhmal3, [veheedin chidatontiolst isorvafighred to adjust

..said first and second. el.ectrigal tputs: a first
said fRRdlaieF seine SiEar! TR SHBBRFS it Jo o RIRBREH o ¢ her
signal; a controller configured for providing a
denodul ator setting signal in response to said
5. si dvmaiipriacared aqsardng to clamal 3awbenebi spad efror detestisinniirggit comprises a
ai d denmodul tpr di ther signal and said denodul at or
SY“%@FFPR& Féﬁgfogs a denodul ator control signal for
controlling and dithering an optical path |ength of
one of said first and:.second arnms. 2. An apparatus_ _ o
6. acd8r natesoacepisling to, clyiaet sl apppdtussmmsisingra segond dither circuit
. . j L: path length to
for egs%lilg}\ggé gﬁ%ﬁ%@é@é{og F%%%]E{)e%g% glﬁ c, where k is in an
i nteger value, between light traveling on said one

of said first and secaond ar conpared to |ight ) )
7. {r VIR RCP RS AT P gf_g?ramr & ﬁer_a get gﬁ&f signal and said
denf8iRtor %lithénre?é}ﬁl?déasti%ﬁal RCQEDIRE L & Qéiﬁ“fglt]andss%b&d dither circuits,
apparatus further conprising an error etection
respectively, in fesporze tva dommoarlekigputsi gnal in response to
said signal |evel output and a denodul ator dither
reference signal, and wherein said denodul ator
8. Setdd BshatdtGN Mot EnPiPVLELE, wWhirehRbAd GednH Aithef cikdhit is configured
response to said denodul ator error signal. 23 4. An
for mppprating asclaceble dtlalve phask alifiergncabrwedmsasdidgmodulator dither signal
control Ler is.configured. tg adjust said denodul ator
andg%@tcﬁeﬁlﬁd@]a‘é’ﬁgfé?rge “‘FnS]z%B%sm d denodul ator error
signal. 5. An apparatus according to claim3, wherein
said error detection circuit conprises _a synchronous

9. phae agparales Gecording Al elpiga datwiereie caiddfirg and sspendrigher circuits
con&%&gs %%@ﬁ%§d ggpgéﬁlgge second dither circuit
of establis |n%; d

sal enmodul at or dither reference
signal. 7. An apparatus according to claim®6, wherein
sai d denodul ator _di t her _signal_  and sai denodul at or i
10. gj /M APRAEIEY 8FFOEIIBE ¢ é(‘llm%‘rg Wi aperawe gt samprising gp amplifier

conBBted 86 QB H tHET dcbiddttbidrSdither signal and establish an amplitude of said

demodulator dither signal in response to an amplitude of said demodulator setting signal.
11.  An apparatus according to claim 1, wherein said DPSK format is a RZ-DPSK. format.

12.  An apparatus according to claim 1, wherein said demodulator comprises a Mach-

Zehnder demodutator.
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respectively, in response to a conmon cl ock input. 8.
An apparatus according to claim®6, wherein said
second dither circuit is configured for inparting a
sel ectabl e rel ative phase difference between said
denodul at or dither signal and said denodul ator
dither reference signal. 9. An apparatus according to
claim6, wherein said first and second dither
13. ci Amudppsratecrpoidee; ®epanatl ewhereectaidlingggrabd clock and data recovery
[ par at us ccordi%%ito C

. synthesjzers. 10. An a im.1,
cireh % COred i DTS EF i FICCRA PPEh O&rpid Figafl level dutputs, and

fohgu r; [ [ a ' ot QAo i ;
hef R a2 B 18 <ShKpupd £ SFORME AL ST’ ARl signal in
respoitse e paig ifigsiahd sevoné sjgoalklevdl@uguiaanpl i t ude of sai d

denodul ator setting signal. 11. An apparatus

according to claim1, wherein said DPSK format is a
14. RZADBSHofl F dBibilizinkZa dARoARRBF 8 ifuf&iCorspling DPSKCHodinbted optical
1, wherein_ said denodul ator conprises a Mach- Zehnder _
inpug grgmaluprip dirst 241 s@ond\arrap pad Ararsdeabsd rod necond aptigilneutputs, said
e %dQWEr%hp,said integrated clock and data recovery

ﬂ%lrggf |§’configured to provide first and second

ones Oofoupding af ogipat of VElierBotiRatbSio Aanfiegiodrddior diddta recovery

~controller 1s configured for providing said . .
circge aiduneesites dpel ﬁ@fg datgAsgoviery cifauiiiecendigyddomregde a signal
. g 4 .
e SRR Y IR ol ACTBILN: Bl g ouucs
andformatted optical input signal onto first and second
arnms and provide first d second optical outputs,

said H¥f 2 6P UpAg It gy an out put of said

denodu : | -ed. : )

ci rout PovRind 08B0 LI BR LA RE e MRS R 2id SRU SN output
andcircuit being configured to provide a signal |[evel

out put representative,of a.signal |evel qof,at |east . :
one. or el pif teniidued il il $1E safl fefiogyili rgine sienal
as aAcHBARE: 3bMkol RidrABfor ShaRGling BRhO Witkkrtg 28 HEEA PtiAleRSth of one of
_setting signal in response to said signal |evel
saiddurstpod secoaddrmebi ni ng sai d denodul at or di t her si gnal
wi th said denodul ator setting signal as a
denodul ator control signal for controlling and

15. di theddting aikofild eaklapati, |seidoddineiuladstesetting signal is configured to

establish a phase relationship of kz, where k is in an integer value, between light traveling on

said one of said first and second arms compared to light traveling on the other of said first

and second arms.

16. A method according to claim 14, said method further comprising generating a
demodulator error signal in response to said signal level output and a demodulator dither
reference signal, and wherein said demodulator setting signal is provided in response to said

demodulator error signal.
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said first and second arms. 15. A nethod according to
claim 14, said denodul ator setting signal is
configured to establish a phase relationship of kit,
where k is in an integer value, between |ight
traveling on said one of said first and second arns
conpared to light traveling on the other of said
first and second arms. 16. A nethod according to
17. cl Al methédd ssedrdingeiohdaint U6, saéd medrdrfusthergeagepresizg progidang a first

dithchg{i,rrggi% lg%% %{‘gﬁb i;];igl;; ésmélec}ml gpal 5# (5;?(%&%? Eigr,petllo a;:xzrg s lsecond dither
cirmlﬁ\i.s ﬂg %tabl%gglgvggﬁrcfein{bdﬁﬂt& Seprdul-alarniset ting signal

rovi in response to said denodul ator error
signal. 25 17. A nethod according to claim 16, said

met hod fyrt her,. conpr.i Si oviding .a first it her .
18. 07 et geoaisio Shihg s B elierin grapiniy b Senal and said
demSd g @t ARRY BieRMclisBaPars aGRIMEsighd IReEaid Gikdt GHi tsedodd dither circuits,
establ i shing said denodul ator dither reference
respedtiyalyl, in rbSponse toet ¢roaimas eloeklimmytt o clai m 17, wherein
sai d denodul ator dither signal and said denodul ator
dither reference signal are synthesized by said first
19. and, sREPAGAsARRY toCtiAM 1t Ssaid hespeicluitied §stablishing an amplitude of
response to a comon clock input. 19. A nethaqd )
saidatqf’md@;qfq@ dighes | shgngl 18 TERNEE ﬁ%taﬁo"’dnﬂlﬁ‘r‘qengf said demodulator setting
i tablishing an anplitude of said denodul ator dither
en i'gnal in response to an anplitude of said
denodul ator setting signal. 20. A nethod according

to claim16, said t.hod furthe rising.i.mpartin
20. 5 phESEOUHTERIEe & THEY bo e SHFUOH SHORS: PAPBFSTE Rgprine a phase
diffe%kfgcf%aiget@g sah Gicdpanou aditer didnheind 88 r&ﬁﬁ%ﬂaﬁggﬁﬁier reference

. A nmethod according to claim 14, wherein sa
signaht egrated cl ock and data recovery circuit is
configured to provide first and second ones of said
signal |evel outputs, and wherein said controller is

21. COMK inQuif RadcBfdiR @Y cRifdi 43 ditdrdde BRd ubhrbRtedSEbtk BB data recovery
signal in response to said first and second signa

circtiievielconfigyed g0 mevige firsnah seroat unes shpridpiggal | vel outputs, and
wheggprrgsdu %tg%crlge?gils d(?o%dgﬂll"e%t forllgpr%(}id?r%t 'sa(iﬁll deniidar g&ﬂg signal in

response to said first and second signal level outputs.
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being configured to split said optical input signa
onto first and second arns and provide first and
second optical outputs; a first dither circuit for
establishing a denodul ator dither signal; a
controller configured for providing a denodul at or
setting signal; a conbiner for conbining said
denodul ator dither signal and said denodul ator

22. setni dpgaratugreampeising: denodul at or control signal for

controlling and difherin n optical path |ength o
one of defnaduialer %ﬁﬁd{%@&ﬁ&n& s oPLzak SEh dleaft ek bemoduator
being 'é:?%ﬂri%%eé o spfiP gﬁ:ﬁ’ l)b%%%j ﬂ%ufasi Y BELoadet HRrarms and provide first

ce srgnal; n error detection circuit for
and pacond dptingl eampeisy or signal in response to a feedback

' | tati f Si. (| | of.at | t
one of &A1 FhPRGireRH doRs g R eidgmPdgaop dither siggal
sai d depndpai oflid eI fo ptARGNE Q dem@Bdhsor S&tifl signal;

control ler being configured for providing said . )
denodul at epmbiet i frg spghiing nsaidkspomsislate shither signal and  said

d dul at.or error si,gnak. 23. An,appas at LG
compTRRR A6 s EHctof HERR = G2t SRBR B FuPERE A Biering an
optiéd) $amabskth desmos satdirschiridhetoddedrekence signal are

established by said first and second dither circu

ar 1 S ts, .
r espectiseeangd dither esgpb fgestablishig grAsmodplatqe Jithgyfeference signal;
24. An apparatus according to claim 22, wherein said
second dither circuit is configured for inparting a
sel ect abkgopdrstiodichteit éngrolidingea rreakidnadanpapbakac a feedback
. -dither signal_ and said enpdul at or. di .t her reference
signg| ppREgSCnIgEVe ol %15%63#%&6&99 aclewt apagt 694 é{;‘%}iaﬁﬁié%on optical outputs
& | dithfStes &{é%?%ﬁf‘% | LRBOIG Hefrt dohfigured f idi

and%%%ﬁgkggﬁgggé&gézkg?regt |di?al syntheé%%%rs}ggg. 2&p“““ ne
saidajepaxialats settiog sighaign respohsi tms@2 desaitdlatp paoadigsil.

further conprising an anplifier configured to

recei ve said denodul ator dither signal and establish

23.an fﬁ{%ﬂa?éﬂﬁgeac%f)rdﬁlg% @ cldemdwiRkah salli ldBRbdSk@n 8lihdrRignal and said

response to an anplitude of said denodul ator settin o
denwidglatr dither Rfereyne agphaw estabdiseast o pajd digstandispeag, dither circuits,

wherein said error detection circuit conprises a
13%?9%%%%&%§ﬁgmﬁﬁ§%%°ﬂ@?§%{%¥£‘% " An appar at us

according to claim 22, wherein said denodul at or

conprises a Mach- Zehnder denpdul at or. ) o
24, apparatus according to claim 22, wherein said second dither circuit is configured

and

for imparting a selectable phase difference between said demodulator dither signal and said

demodulator dither reference signal.

25.  An apparatus according to claim 22, wherein said first and second dither circuits

comprise separate direct digital synthesizers.
26.  An apparatus according to claim 22, said apparatus further comprising an amplifier

configured to receive said demodulator dither signal and establish an amplitude of said

demodulator dither signal in response to an amplitude of said demodulator setting signal.
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29. A nethod of stabilizing an denodul ator confi gured
to split an optical input signal onto first and
second arms and provide first and second optica
out puts, said nmethod conprising: providing a first
dither circuit for establishing a denodul ator dither
signal; controlling and dithering an optical path
| ength of one of said first and second arns in
27. r egponperans aoalingeivodainald) rwidirdih eaid sirgndéteetmol @rcuit comprises a
%Enndulﬁtor setting signal; providing a second dither
synclronoys Phgsg eSOy i shing a denodul at or di t her
reference signal; and generating said denodul at or
setting signal in response to a feedback signa
28. r epyespnaraity geonding teclgimal22) shetein faid demeduipiop sempfises a Mach-
7 m@gi firﬁg §nd second optical outputs and said
< 85@3 81°"di t her reference signal. 30. A nethod
according to claim 29, said nethod further conprising

i nmparting a phase difference between said_ o .
29. deroansithadop! sirbiliaing Anglramodatiorseandgasade Wbt ap optigghdpput signal
r r ' L. 31 : c ' : [ .
outd) 1t 8 Sl SRR, and profidiPHE SrR°EREM BR30? AL said method
compepgl se separate direct digital synthesizers. 32. A
nmet hod according to claim?29, said.nethod rther )
est abl PN aﬁrﬁﬁﬁb?rt%@ﬂ %?r esgagilgﬂ%ﬁgarapé}ﬁ%@r dithep gienal
si gnal o/ DOR i i hn BRI AR R e St i
demduﬁgﬁ({lﬁ%%%k?ﬁlg Si gn:ﬁy.ﬁ 33. A nst ?d&lgcogosﬁl i%rgsjt and second
arms o eb@inge 20saidvien@iuhatsadithed sgna uhd tdemodulpior setngsignal;

Mach- IZJI(?OQJ? 1% ageecr{)?lg lél1tﬁt:gro(:rir'cm% %or establishing a demodulator dither reference

signal; and
generating said demodulator setting signal in response to a feedback signal
representative of a signal level of at least one of said first and second optical outputs and said

demodulator dither reference signal.

30. A method according to claim 29, said method further comprising imparting a phase
difference between said demodulator dither signal and said demodulator dither reference
signal;

31. A method according to claim 29, wherein said first and second dither circuits

comprise separate direct digital synthesizers.
32. A method according to claim 29, said method further establishing an amplitude of
said demodulator dither signal in response to an amplitude of said demodulator setting

signal.

33. A method according to claim 29, wherein said demodulator comprises a Mach-

Zehnder demodulator.
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