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OPTI CAL RECEI VER Techni cal Field The present
application relates to the optical transm ssion of

WO ndosommee on and, nore particularly, to a receP@BUSI005/047318
differential phase shift keying formatted optica
signal s. Background Very | ong optical fiber
transmni ssi on pat hs, ORIJECAls REGIEEVERp| oyed i n under sea
or transcontinental terrestrial |ightwave transm ssion
systens, are subject to decreased performance due to a
host of inpairnments thaeciggealé@t € al ong the length
of the optical fiber in the transm ssion path. The
Thwpresend ﬁppltoeeien ialqges tortbeoptioal trimsmissien oljinéoromtien and, more

. ,channel includes.anplified ont anepus Ssi 0 A
particul§i. 308 g B A e R PR SO L R G AT ortical wbiars.
(EDFAs), nonlinear effects caused by dependence of the
single-node fiber's index on the intensity of the
i ght propagating throu@ackgrouadd chromat i c di spersion
ﬁhi éh cause gl fferent. opti.cal uenci e trayel
TYaPhs &p ?T&E’f‘ﬁls%‘isﬁ’&ﬂaﬂ’éssuc ﬁ‘s f £18 Ye gy undersea or

transcox’ﬁ‘ﬁﬁéﬁ\!a?fé%&rﬁi N anﬁ‘ée#SMI&llw : WD sﬁyé tec ecr\éﬁb%ﬁ $erformance

several optica s ar i
due to adde’S‘Sﬁlﬁ’iphlrhﬁh‘(&Ethﬁ acthianuielesl@@ube tbnpth dflthe cﬁpthxat ﬁber in the

tansmifSgRReR o OB O 6 PRI BBy SR e spamepincludes
amphﬁf%dr %‘8 ?cfdeg:ﬂug% gAS’"@ ﬁ’éﬁée eficrale Qn ﬁ%ﬂﬁ‘l ]98 ber-Amghﬁers

novvn ong- S ste

(EDFA@WI&ﬂIEﬁiﬁﬁcw&iaﬁ@d@? debéndéayd dsighé ﬁﬂél)e-mwl‘feﬁb&r\s ilide® on the
transmitted pulse is turned on and off with the ones

intensity afithg dightpropagatiag thropgh itsandchpamatic- digrersien, Whighregysep different

optical g%ﬁ?ﬁ? 1tho t?ave %t?c})lf{fgl[ﬁgf é%}{g Eel‘é@l&tlﬁ% ﬁlq ?ME&I? Ltﬂ%&%leﬁﬁl@ division
multlplegéd T(WEIMf?@yslﬂérﬁs et §eRefaChiftical SliaMBelS arda e dhhy fibkr) cosstalk
format the transmtted optical pulses do not occupy

betweert ehanaels caused by ﬂkﬁeﬁbﬁm ngrtingas ingden cpp b erQb weatiteen

%Eﬁt%ljégrrl]stn%f\b} écggfﬁg:; Za%?fo\l}tglaae ﬁu@zﬁlgl{;c%g t%lgrel 8? el tf:a%smlssmn 111‘16 as
well as ﬂfé%ﬁ%ﬁ‘éﬁﬂ tHE trRhdhdiEYd PHIRSs. A vEERhg-hhifl s'yst@ﬁis ﬂﬁﬁ@bééﬁrlﬁﬁ)lemented
such CRZ, a bit synchronous SI nusoi dal phase

using OnfiafﬂI@ymgw(O@K),rvﬂmmle thet teansméttedrpadseris turnel gruanglesff with the ones

and zeros of a data bit stream. On-Off-Keying may be implemented in a variety of well-known

formats, such as Return-to-Zero (RZ), Non-Return to Zero (NRZ) and Chirped-Return-to-Zero
(CRZ) formats. Generally, in a RZ format the transmitted optical pulses do not occupy the entire
bit period and return to zero between adjacent bits, whereas in a NRZ format the optical pulses
have a constant value characteristic when consecutive binary ones are sent. In a chirped format,
such as CRZ, a bit synchronous sinusoidal phase modulation is impartea to the transmitted
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



10

15

20

25

30

Phase Shift Keying (PSK) is another nodul ati on nethod

known to those of ordinary skill in the art. In PSK
wo@dloatoecon ones and zeros are identified by pheBES2005/047318

differences or transitions in the optical carrier. PSK

... may be inplenmented by turning the transmtter on with
indicatea ¢rerand theawih esperaddhess ta indieatendenoh dn awiff¢rential phagecphift-

. o_i.ndi cat.e .a zer.o. Jn a di.fferential .
keying (H9Q) bfipet s RiE B&RS) oref et il v el Liqmsiont e gpes and
zeros arefindi®ReEbPdidferdhitin] Hitisd ahkiGARS THYK mdilaBoR Aadidclude RZ-
zeros are indicated by differential phase transitions.

DPSK, pibeicimatitirattpaard anphitude modulatien RADPSHed torDBBK signal, and CRZ-
DPSK return-to-zero anplitude nodulation is inparted to a
"DPSK signal, and CRZDPSK. It has been recogni zed that

1thfas FeenPBRgniRd what thORZIIF SR InJAARBA Tt had particular advantages
advant ages over other formats in WDM | ong- haul opti cal

over otlwy Sorerts, inFEPM tengphau] opitnabsystahst dFoDeKamplEDRBpared to OOK, RZ-
PSR YR S B e i

[ it . ; i
OONRPRES St @k KPST oppiimsiiiacLptor

modulatiavty WéBW oghtivallsignets. haRe bedindeveloped.i gur at i ons for
enpdul at Lng DPS dul ed i.cal sj al s, are known
REGTIT O Jaon it Tt LHESKC ModBoERdcp s 5 s o kmown.
. H | 1 1 .
Koo S LGl GAIIASDLY ot ) DL S o o
amplifierce.gi vdupedpipticallfitet gmplifieratot aneltfy ehehraoelvebssichl Sitel, a tunable

s S SRS SR SRk s
optical glgefrgeﬁ%%%a% étﬁée}{;%g% l\#aXlQ—%ehﬁHe? [}{plg :1118[ folnetéd ngnacfa %{%ﬁl’ lrlJ)ﬁltaJ%ced detector

or “conver e optic

for conwdrtifidhe ioptiedl foatpmedfhe inkdréerametet BEd fn elattrisalgidal representative of
representative of the nodul ated data, Stable and

the modylater date  Stable mrfl ecurateseding efithhepgseing roints fon the receiver
compm{eﬁfsgé.g eﬁlter%g)?gsf%glgtkiavlege%grthh{nltérfe%mgtgls Ea(’)c% ?elr}%g}v,\@é/c%\%\\é? gltjtli]dal power

ero recerver PO

level ett.q@Y Bdces¥aty tol aBhir@€ BFHRMAYsybIemEBIR  \i€owdlet, Tadtofyifit1afmBER.
However, factors including manufacturing tol erances,

manufagtgrpg Fderances Aeupargiture apd aslaa caecaubkthe saPPABeRt operating points to

v, 8 TR o B0 DR R, ST S HeSEl 09
compore@RPBRTHS pOREY Mridagl ificfihg cohttdldadspd e B iRfhI&AEHER! Known
| oops have been inpl enented. Known control | oop

control kepicogligeaiianshanewwevenestisd onnekpesificdparamsgersithitedn vary from
rameters.that can ‘%/iﬁfr’,ﬁo/ﬂlf ro recgi ver to.regeiver

receivel Q3665 ver aRd{r eaatic PAYIEAEA! coBlsi@Rd SHePnSYp ALWAS I the data path
causing RENRE Sedeel BErfE@iaacpat h

For example one known method of controlling receiver optical power includes stabilizing
the output power of an optical amplifier, which inherently includes the sum of a signal and
wideband ASE noise. Another known method requires an extra optical splitter and photodiode at
the optical filter output. A known method for controlling a DPSK interferometer includes

providing feedback from the DC bias current of a subsequent photodiode(s). However, the
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causi ng decreased receiver performance. For exanple
one known nethod of controlling receiver optical power

WO p@lod®20 st abi | i zi ng the out put power of an oPCT/T§1005/047318
anplifier, which inherently includes the sumof a

ignal apd w and ASE noi se. Anot her known net hod
basebmﬁég‘iﬂ%ﬁﬂ%%;% ae‘gf% Sevticreef apfiotediedes dapends onadi“voenavlled” data
_ i ' t A _known et had. f or .
mark—t¢ OBl Rl ndy U i Bithent SN FR RS- Shase rsiodg 11
Anotherflymwinanéthéd ofednnelIG HDRSKGhfefBfvinekr rBqErRSEEY @&m)onetl% (RF
a

d 1%hot odi ode(s). However, thebaseband feedback fro
etectorp) iy da nt of a photodi odes depends on an

3 s .0ar k-t o-space r.ati o, and .may be
R S Lo Ao TR SR iR p0icfn i plvatiperaus to
control dptital thansiehrin kirosipnarat thednf of BRtEQdr N3 s3s BRI, optical transients

terferﬁneter requires extra conmponents (RF

&t%%‘@@lp fied recaiyers qeamRtendaliyndestidy taceivet comportens! [Dug
. : LV perat.ing points, it is oo
ncomi LML COVTONSR AELE L0 LA b iy g
constantiugma powbr mhbée maPét idf gald® iSRSNI veﬁﬁﬁ. : ?l‘ h gﬂfvﬂ-lay be determined

optical transients in optically pre-anplifie
by detectipg a sigapldevel helovt @ptedeternyingd treshyld: bt theshald mpgrientsbelow the

. ' i pcon n .gnal .l.oss_ (1S conditions, a_.

il A 0B B S b B gris may b

disabledameib thaiipu wigRblt L Wre ARSI VR ¥heSieshdig, 981 N to its
maxi mum val ue. The | SL may be determned 0 by

Medeze sysﬁﬁgnl @?ﬁ@@nﬁlﬁnghémwjrd)airmb oaemi(ﬁﬂ(b eEEﬂl )nfitla;eaph erate at ilnput signal
I 0 . threshol]d ma e set el ow e nom na
power 1"*&%‘5 E’?g&p@F éﬁpﬁfg"err %‘_?\B’é‘aL‘PPW%’e%E r4nger Thodkenwn gpprogeh for
protectirgeigginteshtichlNeandfRLs! chih StherdRYe Qﬁ‘sg@lestﬂp L@%{ %E{gisiﬁ%lfag%mes when the

. _input signal level increases above t
input sighglde belowythe semiriahinpupopeaitinggahgy, baidgle eiighdoF fetiable Qignal
deECﬁI{Eggg na¥ opeqﬁge at input signal power |evels bel ow
T he M AT PdReINSIheStenh Rt atier at i ng range. The known
[RBRIBGE knb@h WaloP ' ical transient
can ,1 t herefo rr go,ewg |? ggﬁ%ﬁﬁ@g %Cgﬁioré;[fgr%lcﬁch(é T (2 '1‘%@1’

extractingitigndaiheotinfrom e igeahingslatestenmt NBuAGTIRSE oEIDRYbvery unit is a
i gh enough for reliable signal

oper,at.i ng. range, . but hi
nartow-bgh 0eYie<ith ithcking Sandwiditof iReriHei dhis maresnit n a receiver
e+l i Ll .ecei ver. confi qurations
conrfRBBODtb s A Mo OO NP PO | o
Tereas therefdre farmesd for & BCAVErtBnBRiaiGE fop @ﬂlciérﬁl&%ﬁ)feliapogﬁ

demod lcl ocklph ove unit is a 0 narrow band devicCe wth
emodulging 4. g]%k% ted Aptémel sigpalMz. This may result in a
receiver

in optic%

Brief Description of the Drawings
Reference should be made to the following detailed description which should be read in
conjunction with the following figures, wherein like numerals represent like parts:
FIG. 1 is a simplified block diagram of one exemplary embodiment of a system consistent

with the present invention;
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configuration that is intolerant to high frequency
jitter in the received signal. There is therefore a
woe®@dof4eo a recei ver configuration for effici er€T/ySENH047318

reliably denodul ati ng a DPSK nodul at ed optical signal.
', 5 Brief Description of the Drawi ngs Reference shoul d
H&. Aasle staplified blesk diagrang of ene xemeplaeesipariconsistpmtconith the
should be read in conjunction with the foll ow ng

present IVERHQIS " wherein |i ke nuneral s represent |ike parts:

G533 ida bRcR A9 Adrirh §thshh@tdartbREPENY Bhti@NRarRic@tPlofichon process

~enbodi ment of a system consistent with the present
consistehtrwighn thepresentd@nventips; a sinplified bl ock di agram of one

lary r Lyer consistent . with the present . .
6 0 Pt IERe DS G s aRo P aemnky BRE bttt the
present ARefXAAP! ary optical transient protection process
consistent with the present invention; FIG 4 is a

EliGhplis & ismablifled dioddti daggramn adfanethet dxemplary nqrlevey constsédng svith the
consistent with the present invention, FIG 5 is a
present WVERNQIE @B | ock di agram of anot her exenpl ary recei ver

PN i§%§gﬁap1mefd*umedi@gr§ﬁe&tan&ﬁxﬁa&h%ry andivel GonsBitdi® whth the

simpl i bl ock di agr am of anot her “exenpl ary recei ver
present ovesti®t.ent wi th the present invention. Detailed

Description FIG 1 is a sinplified block di agram of

one exenpl ary enbodi nrent of a WDM transm ssi on system

100 consistent wth peiRaS&kptipyenti on. The
transm ssi on system Serves to tPansnit a plurality of

Plgt. i1dah sihgslitied| idodkvdisgramn afpine eadmplafyosnitsddimentpdtaivDO2
froma transmtting termnal 104 to one or nore,
transmigsigrotystern | Wheonsigtepewith fepyeseat Hvarilan. 1. trapggission system serves

o sl AR 08 gl oS EERIBES oY EAR0

transmiSing t@mMih AN ke oneastoriremsrlplodited fecefvirig teraimplse 06! Mhose skilled
transmtti n%?germ nal 104 and receiving termnal_ 10

in the aghisgl s gt e hetRYPILAD Ochon P Aeeptadkas o gl shigpliied point-to-
point sy\é\f!grenr f%?ﬁé 162 é:alge gPé{xp%enation. For example, the transmitting terminal 104 and
receiving terminal 106 may, of course, both be configured as transceivers, whereby each may be
configured to perform both transmitting and receiving functions. For ease of explanation,
however, the terminals are depicted and described herein with respect to only a transmitting or
receiving function. It is to be understood that a system and method consistent with the invention
may be incorporated into a wide variety of network components and configurations. The
illustrated exemplary embodiments herein are provided only by way of explanation, not of
limitation.

In the illustrated exemplary embodiment, each of a plurality of transmitters 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 A;, A . . . Ay. 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 transmitters, of course, are shown in highly
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configured to performboth transmtting and receiving
functions. For ease of explanation, however, the

W eoorion@ke are depi cted and descri bed herei n W€TUS2005/047318
respect to onIy atransmtting or receiving function.

T A nderst ood that a s stem and net hod
Slmphﬁeéﬁ ]{Oé SESe L CRPIERB1AT 96T Sllofip theart w&% resogaize that pach
transmlﬁeﬁ’i?gﬁllﬁl}ég{dh g r%tr&%ﬁﬁt #ﬁ?irﬁléltcg)a ég ed for fransmittine the data
signal ahits sﬂsncmﬂeé vaivelehgidvitna yesyd ‘a@ubhﬁfde axe hﬂﬂ&ldﬂ@ﬁ,, not of

i mtation, In the illustrated exenplary enbodi nent,
Halb*mlge%wav%mfbfs @fchennglsae respeelively carrfodon a pluralifnf paths

110-1, fl?? 1\{ ?q (I)\B ’Iil%td%taséhg%gelé %@ Cgﬁllgﬁlt% t'g %tpteagg%eggte alﬁ?lgf on optical path

102 by sng:ﬂtﬁilexm o8 8&Abinat B, ViEneadptio@tifforimatiéh channel 192 Iﬁiﬁn@l‘hde optical
e of the transmitters TX, TX2 . . TXN may be
fiber W%’@E‘Nﬂ@% pBtcal enwhﬁelrSawcabﬁlaer@rdlmesmsmpe@swg modules, and other

actlvea@ig%sg%q#)g}p %nhtsa DPSK nodul ation format, e.g. an

‘The transmtters, of course, are shown

The higaddaysdismil infdyesd beivadia bn@alslgoféfreﬁfém @Bﬁwngrienmnals 106. A
Those skilled in the art will recognize that each

demultiplegersiithseparaivahe trrnsmitiedethenneld gavavaledghpti.dal . . My onto associated

t f d for.transmtt si.gn
phs 1 ERTRAREALS LA BHEEH ol Ol LA R K6 9348 *H03 more of
the recedRés RRUURRD | ORIXNTHSy be dngighiiad d&ﬁ&@ﬁl@ﬂ%%ﬂ?ﬁs@ 'modulated signal in a
channel s are respectlvely carried on a plurality ot

manner gendigient MWjthithe ptent inventiop @ndiprovive abetssocidtedh oetbst dataesignal on an

associalf SoiiCiath 3} E4e MGELEIRITEN TS TheDptical T
T flﬁfn@% kRierk BER) %lne @pl%ofgafyf thé ﬁ&%ﬂﬁ@l@ﬁh %@#rsttéeﬂg ?Sﬁsistent with the

wavegui des, optical anplifiers, optlcal
inventiogi rsgeinsiude ag enqznelnsﬁjrlappjyngcfufmd eaotcortdotion &m@)\/@dﬁrgdo the

t e nal _ma
ML T TN, S,
: 1 1
1nvolve% ng%rgéragi%gt&fag% @Eocﬁ:]lﬂtfsae@e[ atam if%p g}]et dg:@%zig}(l) t(a:fl(g ?oraectlon of
data errgraibeut Wil thefeli§ n2 prev101ib1}6kﬂ\dvﬁﬂuﬁirﬁﬁtlb@ B&6OCIrBdcllg codes are
RXN. One or nore of the

genefat‘idefgg%‘ eran %Kd}a’fa foes encodigeNandjicisentde afreepivesd The receiver may include
an FEC q@%@#f&&&o@e% TRAPL & g gh&ﬂe@lan& Usdd tﬁ@@&ﬁs to,correct any errors

consi stent wt presen nvention and provi de
in the reasised stedaadofodsitp(ile. daibamgbgnal on an associ at ed out put
ath 118-1, 118-2, 118-3, 118-N. To inprove system
I@ YERETONR BLTR Carfscting Foden ara kngwampachayish diffeens prdperties that are

related t6 30% ik E8des Wid Qente&?ed and consequently how they perform. Some examples of
these are the linear and cyclic Hamming codes, the cyclic Bose-Chaudhuri-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 etror correcting codes are known to those ordinary skill

in the art.
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i nvention may include an encoder for applying forward

error correction (FEC) coding to the nodul ated dat a.
wW@2006874000Wn t 0 t hose of ordinary skill in thePEr/US200#@7318

codi ng essentially involves incorporation of a

U|tabI%? °§¢ i nt.o data strean1for t he detection and

BRHTEOIFN. S thersinilBisiraled a’éE%ﬁE’@P lowyiregpives P8 cpasiient with the

present @IE\%M%% :ir“ %et 12 39%50{?& éa]{ %ﬁ il ]pdgx[;{n? Ertc%?c{e %@%@ggﬂgpﬁfm receiving

and ampilfgﬁngelrlDPSKi neodudted vstical 5@1@1 Eﬁﬁi@d@d&fn paly 22016l kidematnable optical
ecoder for recovering the error correctln codes

band paéﬁﬁlt@rs@l’tl‘a806&@@W88Krd@@pdah@rapﬁm® 4 ¢ual helanced detector
conﬂgu&a%ﬁ)ﬁ '11¥c%5jd11§% fi?s% T8 b ?éc%ncﬁ Ql(ﬁﬂhoqg&e? lggrggr\% r@ref Paps, cf%upled toa

or corr codes arée

known dbdpa[d dﬁrebb@dry aireuif @(EBR}EQIQI ar HHRDR'}ﬁoﬁ@éisﬁﬁldaﬂ&tncal outputs
generated and consequent | %/1 how t hey perform Sone

includingastsmed depdulpied éa@roesl naﬁe 4 andthe rasavergé Hite claghreinmgth 216.

e SR T < M

amplifiésqEB¥ AN A s ko) cahetﬁ) e@ ﬁeeﬁe@;ﬁmlfrb@wﬁﬁgﬁﬁ&ﬁﬁl rﬁ%{;@ﬁmﬁﬂe tk€rmal
Turbo convol uti onal roduct codes (TCC

circuitry-prrdioneras nagre agplif waplem pgmpmguaalwed tibei mmsehhsh a sejected

operatingo ¥y 8L Abm PRYSER At SR SRl By SR etep ety B wer o the
mpliﬁérlzogsﬁdyaae&@nmw%n? @Bﬁ@dlwdr@caedo&aﬁm s%g@al Pe0s L;Esfto?ﬂﬁatﬁ’\ﬁé"' as

the present invention. The'illustrated exenp
describeshin @ai¢ater detailrhslawide stabilinslgnhl mwez G)Qtlfequhotoeic’@ctmm@%amxdl 230

e S S o P P9 o
Demodﬁl%? Fahd 286ipliri £11608RcyBISHe Hi%ﬁ@gégd"ﬁh%fo 3&@0‘[01?5%(1 %pﬁé'eﬁ lconnectors

bal anced detector configurati i'ncluding first
and spligesdinglecdowhse@madt. odet ect or and anplifier pairs

FEAR AR5l L TR At b o
oprs S, SELLTRE AP gh ke A0 0 B 01 o

art. Then@BPB@OA nkaychers single devich esnfipupdd i providinga taabRbBahd Fass
As is, known, a_ dope

charactqrf é%é%%ﬁéﬁ%ﬁ' ' E@rygﬁéé’? flir. gy ineluda Gominaf Bt seperate
filters “ﬁfe{f?xy&y c%?l r@er of i HMA ﬂofe'sﬁl h%yygaiuf aé)e{ss M&é&%ﬁc

to es selec operating no

assomathd] mthsﬂyestc&ﬁbm@ﬂitm SA@@éschédlntd&eulWeﬁﬁve the OBPER040Aay bd@mned, e.g.
ut put power_of the anplifier 202 nmay be dynam cally

in respopeOreg Bepsiiltes cersrrl signakerypaih 2mycrpsmdeoennqmwa passbgnd having
center v@a%relength aligned with the wavelength of the received optical signal. The OBPF 204
may thus filter most out-of-band noise, providing an output including only signal power and in-
band noise. Although an OBPF 204 is illustrated in the exemplary embodiment of FIG. 2, it may
be omitted in some embodiments.

The optical output of the OBPF 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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described in greater detail below, to stabilize signa
power in the photodetectors 228 and 230 i ndependently

wo@Roosloatoemput signal | evel Pin, optical insertPCUS2005/047318
Iosses of the CBPF and Denmodul ator, and coupling

ficiency of the h speed phot o-detectors and
have an&,ﬁtlf:@anaﬂbls&ﬁb étféﬁt%bla ?Rilg%ihﬁ@ the qther; 3wl 1geminbing Ehaightt h

T T S
optical sigiidl eésyltiig ftom abﬁm%nf&f&érﬁé bﬂtﬂqu%l t Bof the 06 afnls (the
e

" those of_ ordi nar%l skill in the art OBPF 204 may
construgiiyepuiubly Wdilg @gpther QUPHL ¢ar ertpatlo 226 moat nrpm@eantom@ﬂélsgnal

resultlng@é eglé'ﬁ%tijqulﬁ%f 'céc' })f t?}ﬁ)pg}lﬂfé?ra (}fé u q?%fer}?fg&t %ﬂesgpctlve output).

ae ﬁb’:\ltrﬁ)fv\&l td didn@ddilla/ls@ 8 TDFSK Qﬂﬁ:apﬁlgﬁélrﬁe oIPSK8erhbdulf65206 may be
are tunabl e to establish band pass characteristic

tuned, %%fﬁsmféé tonp eontrc sigoahngst mth 2% to astablishdhé plage irglationship of an
ﬁhe OBPE 204 be t

optical FEh 81 4| 8igehedbo 20 Sy B RO S0 S e shSgint of

interferdia@ric r€oIbAVRA equdlab k) V‘vﬂﬁ?esk Ramdnfea! afuey € Wi the DPSK
wavel ength aligned with the wavel ength of the received

demodudgier 206l is prapedly tum%ldeth@BBHt f20m oma putputisf th Idemodwletor (constructive

e R ST BB 65 08 B
other odtf)ﬁtl{éés"tr%@&% drfh) tr&ﬁes%ﬁ%"ﬂ?é@eﬂ Yz&H?’Qﬁ{eHBF? m@fiulgﬂe@on%he b tlcal signal.

be omtted’ in sone enbodi nents eoptlca out
Bhe optizalBREut2 04 thieDRSHI dermddtlator BE6 BRSHpdredtithafiest 208 and

s PR RS, 208 Ty el e e kol
speed pﬁ&Bfiéth{&erZSt N %'% bi &#Iﬂﬂ&dﬁ&{?%ﬂm Wﬁ&fmﬁ@& hﬁ@l!ncal amplifier,

pat hs/ arns, " oné ave an optica
240,242 rTgieIphd:‘eodaIEetobamd droplgeer paha,rQOBhﬁl (oproeide assmdmlt&beiédmm outputs,

the |ig nterferone al |y output of the DPSK
c.&.on R %%”oerpzf@entaféve‘gofI o flﬁ‘&ttlﬁlpﬂfé%f thegspnp ovoawenspte for the
i I I
dlfferenﬂglt dee‘rf e(}% r’]cg 2@ ?&ﬁﬁ%ﬂﬁ%&oﬁ%@g@rﬁ ?ﬂ@e&t{i vﬂ\% dé)\rﬁrgrtsruc&vlg émd destructive
signal pathedttweeh theeDPSK D) odulsiod Z6aind tthediffettngibl inpeéts @f tHRMCDR 212, one
path 226, may provide an opti cal S|gnal resulting from
output f’a@’sl?er epleddo pm pssopiated plectiagal delay Pirght23% om t he two

T atrsil AR5 LT 2 Pelshdidd oty R clicent dplgy vich low

1nsert1012 Qﬁ;s nile frecifienathe oF.the déliy mag pe Eftﬁeieﬁnﬁle& and Rl eldtgdad belay
on path 228, to establish the phase rel ationship of an

circuit 23fmayae rrenseti te impert theerequipidy deéPé’I ca‘yw berimabisiib adited ¢o optimize
transmlstsﬁ)%t pert%rllngr?ceo %releac{rlca?delay cmgnt may ta{«: any of a variety of

configurations known to those of ordinary skill in the art. In one embodiment, for example, the
electrical delay circuit may be a known sliding coaxial delay line (trombone) that is either
manually or step-motor controlled, or a known electronically controlled delay line IC.

The output of the electrical delay circuit, e.g. on path 238 and the output of the
photodetector and amplifier pair 208 on path 232 may be coupled to the CDR circuit 212. A
variety of CDR circuit configurations are known to those of ordinary skill in the art. The CDR
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interferonetric reconbination equal to kp, (where k is

an i nteger value). Wen the DPSK denodul ator 206 is
w@e@por4090 t uned, the |ight fromone output of PEEUS2005/047318

denodulator (constructive arnm) represents digital

"ones" intensity nodul ated on the optical signal, and

circuit 24 A endyibgreonfigee fige bﬁrﬁwreomfmare (cd@sombinatipn o4 haglware and

software 65(? e entcﬁn&ﬂ a@scr%tﬁ éméfé %ﬁratS{IJ ??r;rﬁt’éﬁ/ gpo % %5%&8&1 n{en?, the CDR

circuit i BeC! iRteFatetlDdircaitSatitagal dueH aé CDR@ 0l mbinbeP § Sad3s
second 21 eughot odetector and anplifier pairs, each of

commergially availebleulers VHtesssssoci at ed known hi ghspeed

B SobRse etk B aftnorRRCH AP es of e affbtifier 202
(and theRIpREAGRIRE ts&,'rn BWhotlRlcklor €22 PRI B0), %ﬁ§ce&é&vwe%gdfof the OBPF

associ ated el eCtrical outputs, e.g. on paths 232,
204, and/mpuhe diffarattial deloy imparteldiig e DR demddulator 266 mayde dynam1ca11y

npensate for th ifferen el ay due t he.
control\FE LRGP GEst G SRR Ry Cehs et of H A icygnerated
ASE nofé@ %E fHéCﬁlhé‘[ﬁ)nsdfgﬁ%ptﬁ %fgﬁﬁl 1BedWes rﬂmﬁ '@@nﬁﬁ%%@‘éﬁ%t@%?ﬂnﬁ

6 and the differential 1nputs of the CDR 212, one
assomatedgtfpuetxarr@e aticieupemtire endlor agispandwedtlaigic dependd:nt optical
. |rcut 236, The_ el ectri.cal circu 236 .
msem("ilrgweﬁr T el cemplegu Fpbp Uit 86, b Sb?é}aiw T gl
202, Oﬂ%%ﬂﬁﬁ dﬁ@ dlaﬁ’i%&ul HR6os Q]%%IS{ Fﬁsh\éﬁlaﬁﬁ c&fg 1Ra &Yltroller 244 in

term ned and t ectrical de ircult
responsa ﬁﬁasﬁ(&yatb@ fqedbackesigriats. i Theaohtrolie nigyguclodel orﬂ&ad)raylomranah)g to
be in-circuit adjusted tg OEtI mze transm

digital qomyqrisrhion cauverHig @}a&a fepdback signaly to.digha segwisyf%f Bracessig by a
digital sgn&?‘% %@&s&{(@ ﬁ) h 9 arlfétr h%ﬂ%l%qgmn%é Qlet &%&e%fl%ltal to analog

one e
convertﬁx ﬁﬁﬁr@vldidgfanalogﬁltpw gignsle DEMODr ¢ UCTRIBYBPE V& GKmM/Iand Pour SET,
ding coaxial delay l'ine (tronbone) that is eithe

e.g. on mhﬁ%@ 9483r21§t wbwhmayrestabh@h eier g pointy f%ﬁb%emodulator 206,
OBPF%%E%%F%%&@%I%e (?Qg pégtf%)e ed delay line IC. The output of

rrca ay CIrCUIt e.g. on path 238 and the

obitRdllof tHe ddhtoduMAbOXiB L ttas oBp 209Rhdyf Betdchipatd uéiﬁ@ dithering
path 232 nay be coupled to the COR circuit 212
techniquesy wanuar Depprdelpios Dithersghal gn.patha ZRds addedidn mmDEMOD V_CIRL

output §F 3 Gultalf PUARRPrPY U P eRefgy P SEgHe b 228 and an

OBPF mq{éb kidahl paatt 25 1shadsRoaRs OBYE WaC R calfiflit 0PbhelcOfbrbIlte 244 and
di screte and/or integrated conponents. I'n one

provided b i GBPY contird sigDRl @i patiy222.nAyvabietyand cnrnm@gﬁoa@ﬁ@bhshmg dither

signals lg%rﬁl.ﬁ,‘li]}l %?Igﬂa a%%@%ﬁ%prgsw g%@%qc?rg%rg gngwng % those otl or%mary skill in the

art. In one embodiment, the Demodulator Dither signal and the OBPF Dither signal may be
established by separate associated direct digital synthesizers (DDS) 256, 258 configured to
generate a periodic dither signal at a predetermined frequency in response to 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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hi a receiver consistent with the present invention

t he out put power of the anplifier 202 (and the opti cal
w@owe/7®een by phot odetectors 228 and 230), thRCT/ER1085/047318

wavel engt h of the OBPF 204, and/or the differenti al

del ay inparted in the DPSK denodul ator 206 may be

Byamﬁl tegrisgrercsherweandhe fithey ﬁregﬂemceqsemherfﬁm%m ¢emodulator and

OBPF c rﬁ[ﬁ?ospgt f %%Ir g{ﬂ% Oo‘%%@é@ﬁ%iﬂﬁcﬁth%; ﬁfe%uenf;lg% (r:r%apfé)ﬁ: dlf%fel‘elilt frequencies

related tb%@@ﬁ otﬁél%}f’dn i miditiplicaish fa€of!l I gl ZenboliRnéttf OE tgan®ile, the
drift associate for exanple, with ter$erat ure and/ or

Demodla@tph@nhfrrcfnml @mg bhabripe dﬂ?rﬁnddb‘t OBXF Ditkss fi sigpal may be about n

o, .8 ST CofaT 000 o Bk D REFAET SR 305 BERA! S eniggat  variety
of otherlditRE M@H&éﬁh@bggﬁ)m@ est abl i shed and control |l ed by

a controller 244 in response to associ ated feedback
Isu ggnerbk thedither sighals hpldredrtayha (@BPhidad dermodulatop centenh aigogls cause

cange S B AR S S Db A0 O8 PH per enn

frequendy. L Rno B AGRS BHher(drR Gén lfgbﬁ at ﬁfétd"lﬂ’kf BEqUERYie8 hRQetected and
i'ncl udg one ot nore digital to anal og converters for

omparq,ﬁ tow djihngreﬁeramwgngnaﬂ mﬁstabllgm démsoddiapiand OBRE en@ﬁgnals
L and P ? t hs, 2 248, 2 %
represerﬁ@,g § thsem 2 %@é?%meﬂ R at a
partlculgl%thh gcgl gfl @E%Fég%% 1‘3;s1 rellgsrocﬁ ’COE{E%I%%%M%? hgte offtRth OThe error
values age piogided taithervgntiolldreXid vehitteettahlighessewvraduesi for the demodulator

sting ISERRED V CHL b WBOWHT S QAP ol (aila s PR <0inea e be

scioved B AROH AhinCRULERRLEe, o0 0811 20, o

M thd Ruettatpd bx@ﬁpl’&i‘}eerﬁbﬁdlmeﬂltl Bt eﬁaékﬂplantdie ﬂi)emdddmﬂommeln elgnal 252
OBPF contr ol A variety of circui

may be adiledda CHUPEMCTA G 41 pU@ i anacansiol ot 24 b eo i 6edes g and the
combmém 4 E 4 Iﬁ%y%[( ﬁﬁ?ﬂhed ?sntﬁg tdl%l?lgdl?&[%r 5&8&@ fg? alt 1o n}?a%h ?%% The

nary-s n one

Demod@@ﬂdi@ thithait 9gnaDid dyeiblishal®l thabdDS PE8 m@@oﬁsd toer clSd:lgiiipht on path
may be establ i sheszal separate associ ated dire

261. Indmg embpdigent. {ees PP GlatarsX)6 npayginglyde ﬁ@ahl{@et Mach-Zehnder

e SRS RS B e B0 BB S

1nterfer3_1ﬁ&r16dtll}h@[:orﬁb198@ bsmdBYchigvddny dhafsitg ﬂfeﬁeﬁ@éﬂaﬁﬂ‘é ©f one arm of the
signals in the formof sine-wave, triangle-wave etc.

device rAthM@, tocthp ethst arm.¢ Aeknosvrmicrobeateraaschrogrovided Sordhepiingaone arm of

the dev1ce i %Sfpoc e %oht%te dlersnoaltllajto% %8rtltrol signal on path 228.

In the illustrated exemplary embodiment, the amplitude of the Demodulator Dither signal
on path 252 may be adjusted as a function of the demodulator operating point established 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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an order of magnitude (i.e. a factor of 10) |l ess than
the nodul ator data rate. To avoid interference between

W0 b@odi4ob@er frequencies in the respective denopil/aszms/047318
and OBPF control |oops, the denodul ator and OBPF

di t her frequencies na be different frequencies
signal on phtht25d may re@@ﬂdew etiythanomtmlefgbage@EMQJD Ve &t TRdnincreases. As

the resut i B gy BV PRRPE s erytent O SR A aiok OBetipe gt and the

dither 1ﬂdﬁl€ecﬁ§cﬁ’f:mﬁ!sldhq{enﬁllfy fiagBa hlﬁﬁﬁz&ﬁaﬁm%adé 1ﬁdéﬂénd&1t ﬁf the operating
Hz (when n=100). Those of ordinary skill

point. Iraﬂm 11\lrustr|ated sobgdinyent taealtage ventiodled agiplifish249 iy he r:oupled to the

path 257 oGP L B DPRBBE Dk SEME e AR EHIN_V_CTRL

signal p?dvgcﬂz%'o‘h ASE7 W@l@ %Sﬁtrd)llbrtztl@ ORtier %%thd&%?%oﬁ@llgéﬁﬁ amplitude of
si gnal Ievels i'n the denodul ated signal at the t her

the Denmidglatdr signebywdhlog/kna@mateghesei of ordiraryshudlindhe sit.ghat edampdd, gain
at ither fr [ are detected and conpared to

control %‘aﬂi’? Hep e?‘@?@ﬁé%ﬁgﬁﬁgﬁgg to establish denodul ator and
%eﬁb&ﬁﬁto?b@lﬁ I{a‘? BLREERTdW ﬂeﬁ cf BREn @le SdA€length of the

assocl ated d requenC|es e presence of enerqgy
demoduétorsarmaip twhich the noictoltesatet issappéind.y Thisddithet eansehettanpesin the

associated contrql settjng is not optjnum_ The error
distribuijep pthe apf@ub%wg)@awea the\GonsBHEt s 4P e HIptigR PRIpUL arms of the

s G OGS e 38 SR e e i e

present feehtioig ﬂldmlylnm madyhbeadetettdalusingnd sipal heyet &ﬁe@’tmsknnltaﬁted

error values. hi the jllustrated exenplary n‘tgl?
commercilly axaifghleCORatepetestirator laappr@aclbgrsﬂbf sipipiiti {IF ciggmplexity
of high %%%8 ‘aattagaaﬁ%el Qg%/{éﬂr?lg gc[ g&ﬁ é{ (’:clgé‘ (?sﬁgvgc(gﬂm%h ﬁé%/atlge (NSLD)

outputs Bf th¢iCIBR sl Ioeel dietsotd] @f. @n paditled] 264, mpbctﬁzﬁl}p ateltonverted to
228. The Denpdul ator Dither signal is established by

single cuel 8]t 177 b pei amER 129 ot o ATagTodgitor Dither

Feedbac n. on enbodi nent, the DPSK denodul ator 206 may

kn&@u e an al|-fiber Mach-Zehnder interferoneter

WTBE BlethodliRitdr €3itHer Beedbatl Sighal GédupRId, ©BAEE path 272 to a known
relationship at the end of interferonmetrically

synchronewsqphtasnéatecioniy 0 whese iiiewixedyyitle h dleglodylatarddither Reference signal

providep BBRAh ST ATRAR: ThE PBuHLaaF By Ser oif Bubii s

Demodﬁl%? ERGr ﬁ@ﬁal@ﬁd[be&fngttﬁ@ chi®¥Y Rthé Bu tﬁﬁﬁsﬁ%ﬁﬁ ‘i?ev"efb SItT® and NSLD at the
denodul at 6r control  signal” on pat In the

dither fietphansy r Etequtessnenpf meygyea.ﬂﬂmdlﬂﬁn frequeney mddidatesibia thd demhedulator
control setting B&Eﬁgﬁ \péﬂ& is opjtlmum

The error signal may be coupled to the controller 244, e.g. through an analog to digital
converter for converting the error signal to a digital error value for processing by the Controller.
The controller 244 may include a DSP configured to establish a new demodulator setting
DEMOD V_CTRL on path 246 in response to the error value. An optimum setting may be

achieved by minimizing the error value.

10
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on path 252 may be adjusted as a function of the
denodul at or operating point established by the DEMOD
wo2@6RI4000t put of the controller 244. The denopil/aszmos5/047318
tuning process may be based on a thermal effect
Eroportl onal to the square of the applied control
lestse o erdbmviopkil) i lmﬁm_art ‘Wﬂl wEeiZa BIReP AEWogs @fmytl@mmg the

d f th dul ff
ervor vafiRSHs Rt eRBBN B i CTRE Vil 60 b T b o Vatue may
establisiP® ditkdtiont dFRhadgRl ih tiMdRnidul A serrRdMERIOD VOCTIRGY, STI# Bihs may be

on path 252 may be decreased when the confrol voltage
changedDBMDpinerament. Smatleninermental changeeiuhe bias headito dpsrepse blas

resoluu%%ﬁf %81}51%%( hféxn de peﬁgti%% Hﬁ gta IB{eals glﬁagf d uEﬁI?aFJet g?o rdd:)o oY at %ulﬁple of

the erroPPalid, RiHEZ@d vAaAM10ts IRt bNSERE BEl80du1fbhr fs'&?exﬁﬁﬁé @élhﬂg: g. control
point hi the illustrated enbodi nent, a voltage

voltage enrhits opticali 1r1@n’pp0vr/¢ré¢ve?)4 9Thegptheumsetting dndydetdebieyed when the same
2to ontr of t he ulato Di.t her

change G GrEvalg b5 & il e ° THing ! 1@6@5}1@@3 Gheirssrgn A theg hack to

the optiR@) a@ﬁ%cﬁﬁév&{‘ﬁrh&{)ﬂfe rs@ﬂtllng ﬁso faﬁf‘%‘éﬁﬁgﬁé dﬂﬁfgﬁ@ de@fon and then back

confrol I'i ng the anplitud tor signal
to the optithtimb &Vhkerothe optmmhwttu@‘ls ocldeveds ghes:knot bighal noHengertcontains a

exanpl ajn contr ment ed n the
spectralﬁe@lvgs%%rﬁl@ 1%&4% Bﬁwasa%tedsﬁﬁ gﬁaﬁe@éﬁms he qrey, signal may
still confé%n?n 9}%’%&9 co‘iilﬁwfzﬁﬁts laPhdrBfe to?tﬂeed'iﬂl%pfr%uegg}e demodul at or

e mcro ater is a Thi s dither
Inaths dhistrhted geamplaryt ehﬁbaﬂmelntl, et afi mlne plfovishmed) SLPUAndISBED outputs
et ween the constructive ang]é(i;et?lt ructive output
S

of the k@@w R BRI FIBFUIDYE tareste edrancdylatar Ligher Frsdhepk signal
31mp11ﬁ§§ @1@ 3 rﬁﬂb@é@ Eletlth %&thhf% #g]e&ﬁ trat 0§ Bf%h%qg%t%‘fnsgﬁa%ﬁgm the ampllﬁer

rnve anges nm

202 to tﬁdz @M citeted 1 2dsihectioadditivral cdnﬁp@heﬁts(m tiveehiigh apded path are requlred
avai l able CDR integrated circuit. This_ approach

for detegfing:the ghaigepn pripatsignad leshen roveryt e dithghreqyeaey. dBltis translates to

1mprove?§%%§fm§s ﬁ!%?f éﬁéc%t( ki%\f_g?o o,{']%‘&%%lﬁﬁg Sl%%ﬁ)? 8%:\;%};&1{1& clompared to

configut86f$ indRidagt ich aédiglond) l&oﬂ@bﬁ@lts?64 266, respectively,
are converted to single ended signal in path 272 by a

W Efdfdémn i & erabqﬂlmﬁmtencozwabngaw alil-H§enMpelrgghndsr dpe DPSK
dback Si The ol Di r
demodlr i RER- TP irspAhE ohSTRE B Qi 5580 agm use of a first
DDS 23816 \&ktaBlyshché %ﬁ%ﬂuﬁftﬁiﬁtﬂé@h@ﬁﬁ%d %%@cdedaqms 260 it$ eSTABIRH the
with a Denodul ator Dither Reference si provi ded on

Demodlpiamh Ditbgr Byfetamse signal tq ke synclparousfphe: qu@e?w@dlews dor timing
adJustments r&atﬂp r1he glétlher Yeclback. In particular, the modulation bandwidth of known
micro-heaters may be limited to a frequency range of a few hertz. This may result in a
substantial phase shift of the Demodulator Dither Feedback signal, e.g. on path 272, 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

to 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

11



10

15

20

25

Denodul ator Error signal indicating the energy in the
out put signal levels SLD and NSLD at the dither
wo e@guoeney. The presence of energy at the dit hP€T/US2005/047318
frequency indicates that the denodul ator contro
setting DEMOD V_CTRL is not optinum The error signal
Demodutragr Dicher Refirentetsignahwithouttalfotting the Demadulptortithey gignaly The

na igital converter .for converting the err
pos 25§ g e i3S Joinsh utbetiasSorin B ottt biealagiefy Phe
frequenc 2Lb@hon HBRr&RB IRk (8 phAfticARY dafif2érderi thvfig of the
onfigured to establish a Rew denodul ator setting
DemodulfddMithér BERtrence sigitahp@4Gled by T3P 866 may chawryen yadjusted, e.g. by a
val ue. An optinmum tin e achi.eved b .
control RS RABIZE ST P S PP D8 oo fad phgry 24 9 oliep the
Demodu{l & Bither Hefdr ﬁceecs‘?@ﬁ'l éﬁtﬁﬂh@ﬁéﬁHéul%Y BR@S: PledBhdX Hbl.Ng
& error values TG achi eve optimum bl as settings. For
Fox axghgle, thBeostrater Q44 may bk cohiggueed, @rg. Wabugh steipvare, hardware or a
establish a direction of ch n%F in

combinagien of srftwizkersl Yardyiare terpliovpfol emi%%ﬁdﬂg%gﬁe?%g%mm the
Demodliliefg%ﬁ{m(;&tRef@gﬁéé sgérbalﬁ glgé ﬁlgmdufﬂﬁglg@%r ifdediatk Qigﬁ%l (;Fglg optimal

i'ncrease sol ution accuracy. |
phase vahiEofd tHeEEDémoduigtob DitherRufelacadign athylhy datevmiredtbyepurposefully

. nultiple of the error value, where the variable is
misadjustingdhe demedulatiesetireBEMIPIBY_CliHernd megsupae e georgalue asa
. L ral I . ' dcal 4 .
s Bl ORI ARER A b PRI RSSdr D

ReferenédSigad hhseeval@ myufbelSctiaba aglne taethanineined the esret valog(e.s, Verror =
changed in one direction and then back to the_optinum
Vain_iv sV dits a8 §0ePaidtwhen o hat thegiven gperatingigef the Deprodulator.

| irection and en b . ORL.I
FREOBBE Tt diopP iSRGt alffthet RutiaF (SRl hF fecdback
loop. Ak SRERL irCICE. 2] 1he GBEIPBRthERiga0 0PPARN be allddd® the OBPF control setting
fundanental of the associated dither frequency. The

OBPF _€ARdr owpyredithaegntrollet 244 gt by addspdtq.eadl therpparinesd sgupl may be

., har ' of the. dither f Jhe .l lustrat
provit LRI St i el S5 el B b L 55 may be
establis}%‘éng B85 PYE $n Mspbik 4 RRMINERR dibdiembat ik 2911 bVileddldo to DDS
to éstablish the Denodul ator Dither” Feedback signal

258 andDIPLHO hed DDEE2F1. ghhis peredachdtelpspakeep the ©BRditheadigquency at a
Lt | the. i [ | f th lifi 202 -t

e e e e R ARG e

loops. TthE &nbWvA DHESSh RAY Be %Iﬁi%‘uﬁé&ffﬂ&ﬁ that 85 c&ﬁ&e\%\}e[@lgiﬂhi@ adjustable in

change i n output Signa | or power at the t her
responsé toettye ©@BRBE cohiiod signalns| at es to i nproved transm ssion

f&gé%gﬁlﬂg}gﬁﬁ%ﬁ rapgp%% éngaeg gn ﬁf’ggfl’sl I%gerfcigg Eogsoarndtsngsequenﬂy
changes in optical signal power at the filter’s output. Consistent with the present invention, the
changes may be detected by monitoring the optical power in the downstream data path, e.g. by
monitoring the bias currents of the high speed 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.
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configurations including such additional conponents.
In addition, in an enbodi nent incorporating an
w@bdosi4eer Mach- Zehnder type DPSK denpdul at or POBUSZ00D$047318
a mcro-heater for tuning the path I ength of one of
the arms, use of a first DDS 258 to establish the
Dithnayohg|odi tleer OBPY lventrali igpuil cagses aah&@e dandmpbiedg @dthedlither frequency

T i N T
detector%b%@?ﬁsﬁnf&h%ﬁhvﬁe@ﬁﬁﬁ ndl%?%rteﬁ 98 grovllc[bd by DDS 257 on

ticu t he nodul ati on of
path 25 f'm 1 Uscoofraefats e DSy tb esthblight thel OBPFadlﬂnequml apd aangmddfbDS 257 to

hertz, This may res in a_substantia
estabhslsﬁaefQB%l? Dither Itefrisats sise Lit@thewamd#%wg& 9@654 &?ﬁ i 2% ajows for

iming -GS Sidneip A KAk FEAULNRLOL Pl koot o
known FPXTrookticled rOE]i’H’d‘tﬁay bé Im%d amlfreqmcprmhgaasfe%ﬂ{z 0This may result
establish the Denpdul ator Dither, Reference si

in a subjtatial pEape it %h%%ﬁ%ﬁbﬂﬁﬁ%@% Sgetle6 Eofn D0 2 compared to

the OB DG TRk O o 2ot b1 B SRR SRl T

%EDS%G a8t gAlD DI zshqmy @nflesize agotiard Iaatmﬁmdltah@OBPF dither
Dither signal. The DDS 258 and the DDS 26 { .
frequen@.syfwm@sqoz@n%@é@me@éoMlﬂm@wg@d Qrheath 8%d@hfa iging of the OBPF

Dither lgelfgr\g&% esf rn%gfjl ﬁ:ed?%iiﬁbgl%%? %?nh(%vgévg*: Sf%ﬁ] e(acg, glqgra control input
Synchrdﬁﬁier@BPlRﬁfHS' ﬁﬂ‘?ﬁle& lbg lad cdﬂt@llléldm dnypdHA %66 aH@Q/the OBPF Dither

ovvever % ust ed g a control i np ut
Referengy sighal oritty Qﬁﬂde bﬂchétgnbly th@a@m%@,rtm p@yrolgr 244 may be

B ey G M By e

for deteﬁ%lsﬁé %ﬁ'ﬁ’ée@hfﬁx@ﬁc&%ﬁﬁé@n' RS OBPH Dienér Refeg@itbisiibPshd the OBPF
rough software, hardware or a conbination of

Dither @ocﬂbamh signaln dTHeanptineal phasevabielfoutht GYBRFeP#heti Refetenes signal may be

e A e -
error Vaﬁie% alfunctid® 2Rid OBPF ﬂﬁﬁﬁ? R\é@réifée §Rha ﬂ]ﬁs@@ﬂﬁé’ UTRS OBPF Dither

her Reference signal may be determn ned
Referenpel ngnaquhalsd valug sagljpasetiatg value thbd meuhabmthemot valge (e.g., Verror =
and measur | ng}rthe error val

detUdbf?bgeméﬁ OF( s DRfoerd T &Y eleP%‘im%d&”étr%ﬁE%B&?’En al
’@ﬁ!;‘étgc %ﬁf Sﬁée %%-Qég d%%f@é@&ﬁﬁa‘c@?@@ %tpré%%flﬁ raﬁWPI'SEIQS‘fﬂlgnal

be set at a value that maxi mzes the
indicatlﬁg tharenmgbf ire theenugput ofdreraclder-2 A3dit the dithier freqaintin Thefervor signal may

fdit fdb - f f h
be cou tﬂ ttheoclfon{rﬁﬂ %g Ilg: tg{r&gh)anaatnalto g %o 8{g\1/tgpconee1[téa1rttjop gonvertmg the

error signal to a digital error value signal for processing by the Controller. The controller may

include a DSP configured to establish a new OBPF setting OBPF V_CTRL in response to the

L?_

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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The OBPF feedback | oop nay operate in a manner siml ar
to the denodul ator feedback | oop. As shown in FIG 2,
w0 b@e@BPED Di t her signal 254 nmay be added to t heCTOBPI905/047318
control setting OBPF _CTRL output of the controller
244, e.g. by adder 276, and the conbined signal may be
Ip thevillugthtedsexemplappmbedimens| use pfthgloutpytyefithe hizh spagde
e

PE 1yt [ I 4 . bl i A
R P TR P L R
data pattP§iB¥d SESHAEGRI ESmPERnEaBe AR BE Qig@n,?e%tﬁ ot defeatifg the

approach hel ps to keep the OBPF dither frequency at a

change imsignikypasvelr at thordithér frémemesnokhis tranplateli toHmprdvied jragsroission
vt S 3% B ERSE B0 B 78 rcing

such addiGYRl efghbhdnts. adj ustabl e in response to the OBPF
control signal. The OBPF Dither signal causes changes

With fcbhtirered seferees toi [ Rothe gaincbfslubarapliféert209 nodydregdsmamically
ti, [ | tt fil ' i .
et e R R S A8t L e
power iPfhe qg&%ﬁﬁl%@gg&}‘m% @%%21’91', E'_Q'géttcﬁbb?nﬁgg dfGAh §RYE Eléd)tgdeth%tors 228 and

downst r eam a pa nitoring t i as
230. In tlmriﬂlestfjamdﬁ)(etﬂpdaarh embodipeat] thhottpaetdat alder 228Bis ap3Pectrical signal
coupl ed tqQ the respective 0 ts .of th enmodul at or,
represenfigg thergauntipsd LisEHMES ds@e&sgwléjhegwg shfeamolgetectod 228, 230,

. .  sional.
i oA AP R IR BOE, DY AR v i i
Alternatblelyn gee DG ot of thdelifiérentied adiplifier 268 maybepyovatedtasa signal power

of the adder 278. The_ adder, outp

feedback giégﬁéah$ deadls Knthaitabiliratien pbilis 2pmasiley bt weor agg gomplementary
. . . P i .
doa KL EpAS TP Ty bl R S S R B S P e

indepen@ES o2 it durefsdettg Fhhd dencXRFod bideiny bt gsal asaforithe amplifier loop

second DDS 257 to establish the OBPF D ther Referen%e
regardless gfithe stetistof éhesdemadulairu Shefeadlack drose therlevab detgriop pisthe CDR

.. AEQr timng adjust .8 T£loat | e .
it} 3, DP9 PR bt R Spt o e o
DemoddiaeBady 66 0idddht B aBAfsr saitrobopivitichale demedulator is locked.
frequency range of few kHz. This ma%/ result in a
¢

Iodbsillmtratad cxdaplarysmbodinent: the copprlepdhaey besanhigired, e.g.
eough TR B SR By RS iR UBr P o s
signal to'{h€ alpB1idP6n g&e’(ﬁ 2186 28 fo RYSigAN PhRe! Zedisk @pnal €lhe level of

outputs at t OBPF dither frequency froma common )
the Pour efreigaatmay Hetchmik kheygadryinapseted iy lae dmpléfier 207 e thei ingarging optical

signal PPrlc or} Qaeth %&FThe controller may be configured to modify the Poyr ser signal in
response to changes in the Signal Power feedback signal to keep the Signal Power feedback
signal constant. The output power Poyr of the amplifier 202 may thus vary as the Pour ser
signal is varied by the controller 244 to maintain a constant Signal Power feedback signal. Asa
result, constant optical power is established at the input to the high-speed photodetectors, énd, to

some extent, constant data amplitudes are established at the input of the CDR circuit 212.
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D ther Reference signal provided by DDS 257 may,
however, by adjusted, e.g. by a control input
w®yevelorene ze OBPF DDS provi ded by the control | P€T/RE2000047318
path 243, to align the OBPF Dither Reference si gnal
with the OBPF Dither Feedback signal. For exa t he
Scmth@hlgbrsp@d@hmﬁletﬁ@t%@wi @aew logated aﬁ@rﬂ%@ﬁ F 204 most of the
t war.e hard a,conbi nat.i f soft
out-o b i € iR SR U BRER A b e et Bibragerectors
228, 23Ob@d‘i°ﬁ1%ﬂ1ﬂg}‘t§ft@ Eln@ftﬁé%npﬁﬁfew@mﬁregp(ﬁﬁato @8 dutpneodBEF

Di t her Feedback signal. The optimal” phase val ue for
photodetehters(ESEHﬂ thive resRES & iy evesi sggtmll poreigr stabilistion and everpl} receiver

O IR DTN A e N AR

(Signal &ﬁ%dgﬁﬁﬁsﬁﬁéﬁéﬁ%&t%ﬁz@gﬁoﬁ@ a@seis Yabwa, wlhethSBRIplifier is

her Reference “Si gnal se val ue may be set at a
operatedvialcusstart autpwh powezmede, hl@ amplifier padvides(aecogstantrtpwpower with the

Vdith fdb t.h dit.fd di t f
rtio betiegf (B ESBLA FoiL SroPMinG P thednpsiEnabeue b lspefih dn
system o%ﬁﬁ%ntqsﬁl?gtegéntgﬁs&nﬁﬂn %Eféugﬁ’x% sTgmRl Wtféecﬁﬁcl@ Bfal i s derived

error sign icating the energy 1n the outpuf of
from thet dufpuidxﬂ ére phoBodetectdre 228, 1238y thé siggalgomer isTitabikzadandependently of

e cou led t.o. the controller
the Slgn@ﬂ‘?‘(ﬁ’ﬁ@‘l‘fl‘% ﬁvéﬁgﬂéﬁ ths OéPP@?ltl%Hut Sighaldp g amp ﬁe&;ﬁger ting
t I
1% ?(gcgg%g ?(E}ngs?%egﬁ ?\h‘gl t%o ﬁ{egé lnré\%lnﬁ@l?1 ferf%g g}r%t% rb‘g%oﬁﬁ&ﬁ@ﬁ td fovide optical
transient frotedtien a[l&&nmm]ﬁdtgwcﬁﬂtstfm st mbli sgmadh power IGBHE achievable using
setting OBPF V_CTRL in response.to the error value.  An
FEC codipg. nirgcerel agstamcopastaphviéh B IByentipR mﬁy}aeﬁgn? 1gwed to disable
e e o 2005 5L B T, 6 3 omin i
signal iscRI6a b paddeterie @it teshddd pnd the réi@iviel’ls FEIC mcedexe‘)aﬁmﬂl idenyity
enbodi nent, use of the oqutputs of the_ hig eed
receweckflﬂéa o@@t@@@@i@glﬂ@w azmhﬁ% Gxmanbe §mﬁbﬂ€h1ew © #RqoRERg optical
signal i H’é’Feﬁé db aa%8v% ede%er dftineeghél{a e Vﬂ'tlg&lss&%?gu%ﬁb @ﬁé@er operation

|ona onents are requl

is not infér@iptedRge Q&lgoe@ktthe f&éw@ﬁ&@%éd‘&r ﬂié&laﬁaf'@(ﬁtﬁ ¢hd iﬁcsmgfgaiptlcal signal.
I‘;Ialower at the dither fr equenc%é This transl ates
rﬁm dhae@atcd mmlg@ aorbqdémensy for Asanpledhe pmpbser 2(Bmaay include a

€ rec ver ¢

kmown 5t BB e o e et B 0GR o€ o el sienal nd
providing/ etnfbtﬁﬁiﬂ%%g,g d §foﬁrp%ﬂf32%6t fephdséntative dftBe ﬁﬁiuﬂp@iﬁ/eﬁlbﬁbl Also, the

fier may be dynam cally controlled usi n%
receweﬂ%@lﬁ{b dedoder 288 Inhg pngh? syetus owipat 6.2d EEEettaius or path 2989pindicating

biliz h
whether d%ta 15 %efng rec%vtere%

§ong rhe incoming optical signal. The status output may, for
example, be a known FEC decoder fault indicator, such as, OOF (out-of-frame), LOF (loss-of-
frame), OOM (out of multi-frame), or LMF (loss-of-multi-frame).

The Py mon output of the amplifier 286 may be coupled the controller 244, along with
the status output of the FEC decoder 288. The controller 244 may provide an output over an
interface to the amplifier 202, e.g. a SPI bus, to 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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power in the denodul ated optical signal, i.e. at the
i nput of high speed photo-detectors 228 and 230. In
w0 b@esiovdoest r at ed exenpl ary enbodi nent, the outpCr/Usf005/047318
the adder 278 is an electrical signal representing the
conbi ned optical power detected by the high-speed .
decoder BA%t Bhejeardioller 244omgy epals thehimplifier P8 fromya deabled gendiion when

to,th troll 4 th 284 Si | P
P movg LRSI SRR Tno s R vel y. the DG output of the
HGE 8 & £plobR Flod MRAhdrhinedf oAb 8xaRdle AeraRsion HE@cacn ?rioﬁésg b

power feedback signal. This |l'eads to the stabilization
consistentf with theguesient insdeiant Thedloak fbovadidgaonis|iBusratesk witl a particular

Si #ES t the CDR.i&@ués. Thghq§§dback signfl erﬂ‘ :des an
sequenceh $iPgh'sPB e 2PHGHE Get TET'GHS "4 "] FHBPER G AP T e ProVIee
examplEdtHo@ the %@ﬁélréﬂrﬂn@cfontaﬁﬁy Asomsdhaie carPROnPdmbfed! Sﬁﬁﬂ%ﬁ each

for the amplifier |loop regardless of the status of the
sequencel efisteipd dutes not Fdve t6 be diveruiedfin the driler dresgeted dmiass ptherwife indicated.

ol SxpEHHS IR oRRa g5 G 18O OROVGT R TBE BP0 nd

| itF el
compar e ARpAERIL L IRETA 1 HEinfiih il P et
predeterenimetntheesiold 30 dhadmiut potver lews tmayl Yesmonfrivhllyedetdseed/monitored. If
. configured, e.g. through software, h re of a ...
the inpug BoRer 8‘(‘5&9"6? %ﬂaw&&%p@ﬂsﬁ%ﬂ% infgsbeld f%vf&e&\}fl%%@ﬂwn of the
: [
e do A0 ST o980k o WIS pRERLLA T SLERAL 3! e e s
does not @iehtedtr fhklecdndidh I0BThenithma@hplifier ntetremaimenabled agdiflow may

imparted by the anplifier 202 t he i.ncom optica )
pass back; tg step 362n Lighe EEQ?@Q@F.T IW%at%So%f%PBICP%ﬁhﬁ%Qog%-g-%&i the ampiitir
' d to nodify the P OUT_SET signal in response
maybe?%g‘%l Cg%{gdee's in the Signal Power feedback signal to keep

Ohe: the anplifiClowdisabradibs alnplifigniaputqoivnes dvel mih e deteptsd 312 and
power P QUT of the anplifier 202 may thus vary as the
compardel againsilT peedgteamines theeshald 3bg: Aplongathcopevesr lovel i helow the

intain a c tant Si gnal, Pqwer ' .
aeshoff 30} B B8 308 b e Pl 0 BPAREIRLER) odbormined
threshold/MAe indpBfitF@ali be BnSNEESH ARt RNCHRS padshack flste 30F0Me

extent, constant data anplitudes are established at

Ahreceivep gonsistertt ivethObR pedsertiinvention neiyheeconfigukd ghrespess @ data

s B0 P e g L G ISR v
modula@ﬁ lo¥i a8 i SdRking 8p&dal 8i3dall il nFENBHPIR HEmkEBE 08% i§ Bfried by the phase

phot odet ect ors 228, 230. Controlling of the gain of
modulatidreofzthp bptidad carpier hiowerershoinensity modulation psociatedi wigh the RZ-part

of the rr&lagfqﬁgr? %cg'ggtéxfgé‘figé%eid% Oqlé(ili(lﬂ M%g@i,gﬁ &p!él&n&ralg ég gecovered directly
o BB EEALFeSH B Si
detector) or from the demodulated optical signal by taking advantage of the fact that both of the
intensity modulated optical strings, i.e. the demodulated “ones” and “zeros”, are available at the
outputs of the DPSK Demodulator. Recovering the clock directly from the data stream allows
use of relatively wide-band Clock Recovery CR circuits, resulting in a high frequency tolerant

receiver,
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(Signal and wi deband ASE noi se) output power node. As

is known, when the anplifier is operated in constant
woriopor4opower node, the anplifier provides a cPOBUSIW5/047318

output power with the ratio between the signal and

noi se dependi ng on the input signal |evel and

Rigv é hlhrsgata:s ohe exensplatyemmdiraérs o€ atreosivieh 2Wee<smmstent with the

present RRTGBI R ﬁﬁ%ﬁﬁeﬁt@ mpﬁﬁso%rr%f%@sige ufighE cotpled 1o aD-

ﬂ1p-ﬂopt as b8k %;91@ a*rh@ hit &i5he Eﬁgﬁrpl ﬂ 40, Bgeps B%WOQ}’mer represent

e signal "l evel vvave f the optical input
the recosergd;aé—tmdtdnd cmm:—irteﬂlte NRZDDrmAt seciakbdatestraaom sAs sleyvn, an optical

tap 406 e SGURIE OcF I RS SEmONBBSE £ G-AHS BOHAEH LG R auDPSK
signal toﬁe&fﬁ%é&%@ %o&b@é%dt?xﬁéﬁgea%‘le@gfﬁk pRPUES. THRY @&tﬁu@(ﬁﬂh@?l?&b@etector and

I'ng. a system consi st en
ampliﬁefr pair 40 any iberouplyd bea band pagsifilter 41, elgslkieg 4 bendwidth of several
eceiver pre-anplifier 20 opr tect agaj nst an
hundreds ghNHA §if Ry ipAesCy Mt i laf;?ﬂ%latg a]%ﬁ hate. Jghe output of

the ﬁltelbﬂ 201)§’ efbcg élcﬁ.ﬁ)?e%deﬂb? félpg fﬂr@%@i@} gld@fg)g résﬁ&plﬁgﬁfe' MErePsiEFE When

the demG&[lﬁt@S hpotisngRZ-DPSK mbplafetd signdl ﬂler‘mljtpth of drwhhﬂdlg\mhqmtier 414
the incom ng optical signal incr eases above th

may be pperinstieelarined sugmbbnga frggagney paupl Eothe |f@al=1%nq§/&ﬁ the data clock.

The out;iplgcc zthe mﬁglgr lffrér 4?‘1 ﬁﬁg' ga?éﬁlé&%ta?)ﬁel&%néa? 'aglag%lr&!ﬂt%m for

cover rom

impartirfPdnl 8@lstablddedhy tol dligh Iﬁl@e d:le:lUéigﬂialbﬁ@a&Mﬂmﬁlﬁ the data received at the
enbodi ment, for exa the anplifier 202 may incl ude
input ofgh&Reflin-flapteeg. m@lpaﬁwﬁp #.ector for detecting the

R PRl St e BRIV G4 5t B HRBLsgl hta stream may be

tapped dreRfeefant avhNay of 1dchorsTiR e lﬂgﬁ\@ﬁeeﬁ @dﬁ' pathoSecovieh the data clock.
recei ver's FEC decoder 288 nmmy provide a status

FIG. 5, :&ytepmnpleallgstr&t&@x&mn@arm nop‘l@lmatg)g}(jZOOb el r@gwqmglg the data clock

rom anfiEbSte 2L AekR GEUNB G Sl R RO SR am thgoutputof
the phot%d&@&%aﬁ%ﬂﬁfe? %ﬁfrs basit0i PdisR&NRthe SlesicASOut$¥E of the
(out-of -frane) | dss- of frame)’, OOM (out o

photodetactdriand awphﬁser pmrleOB Zl(bmsy bé tanppd:d afir tlznadjustatile delay 236, and

f | f b
combingeF? GG Diae Ech SIS cGHTER: i cufplt oD s S Fibe Soupled to
a band faSStiRGacA9eL hﬁl%;ngn ?hﬁéfﬂltlﬁoiﬂd% e@é‘c@néﬁ’?ﬁelﬁfr @M&lﬂteéé Ao produce a

out put ovéer an Ihtefface to the anmplifier 202
clockmﬁﬁ’ﬂClﬂmethetlb fp<Shipl 400t he anplifier when Pjn is bel ow a

Brobrealsma s emia Rt HUF pSrateh i HECde b wagiverted

outputs g? %ﬁ‘g%l iRl £l 244 aé\%\lﬁééiﬁﬁﬁ L BEotBIREAhsOP8 285D, t4sBRtRrely, may

condi tion
be provided, e.g. after the adjustable delay 236, to a coupler 500. The output of the coupler 500

may be coupled to a band pass filter 412, a limiting amplifier 414, and an electrical delay circuit
416 to produce a clock input Clk to the D-flip-flop 400. For the best high frequency jitter

tolerance of the direct clock recovery architecture, for any of the mentioned configurations, the

17



10

15

20

25

30

Pin noves above the predeterm ned threshold. FIG 3 is
a bl ock flow diagram of one exanple a transient
w@e@beTioz®n process 300 consistent with the prPGEOE2005/047318
i nvention. The block flow diagramis illustrated with
a particular sequences of steps. It can be
electricahjspethoifabedata patham thetrivant wheee theglaskpethos initiaisd should be equal

re prqvi des an exanpl e of how the general
tOﬂ““OFﬁW€h¥$ﬁ§ﬁPty descri bed herein can be inpl enent ed.

THeEd RGhus (2861ded 8 WEBRCLIR i BEERH PRAS sHF kdyMkembaulRRd optical
executed in the order presented unl ess otherw se

signals thatdfreritlenk fibient dnd relaiptiemgduwatindi Aeorrdingthe oneripeet; there is
ot b A b e e A OB i i
data mo?tﬁ%{i the¥H acic§rd‘ﬁ|§§°t\59d| Epn% SRekBhTHeA, thbuenbehigodBéing

e I nput power leve e continually
configurdé tesl s dicnmiicabinput. sigrfal vite firstputl spandrarhewed providedirst and
bel ow the predetermn threshol d, 3Q4, then the . .
second Qg DS Rl eRe By Scfory e it phelogciagBLeipgeonfigured

for provgfglg%é Atk glet:ﬁfcaﬁolftﬁlﬁtgﬁ r ?g%egj) 1t s cp‘cchl &ﬂgut%%ﬁg imparted

der does not I ca ondi tion 308, then
thereon,ttheseaond phatedetemyr bedmpdon figned [fedpranidify osecomd elpetsisal output in
back to step. . I f the, FEC gecoder indicates_ a,fa

302 |t
response 9y £5<5R 9Dk Quigut bging inpprsted thareqny: ap infagrals _C&%&Bﬁé&ta
vy USRS SRIEhd LR ity SORATLL L8t
recoverp@fduitHeingd@nfigertdte pravidech difuad tdvel cutpitdeprdsentaiivg oda signal level

the power level is belowthe threshold the conparison o
of at leagijone pd jhenfdrst apsespeen eleyideal oHpufso g a peifegllep ﬁ@%@eé li%é providing
t 1 I; i i .
o om0 S LS B VBBl TR R i

length o€ BASbSthe fiirst\Wnél BedoR@ afth€ SEIdre isWl®Brbvidedra yndiifod for stabilizing a
configured to recover a data clock directly fromthe

demodufasereiondgursi gnaplited e feraattnd gptigal inpst sigeal onteniist ang second arms
o oS BPory SHa CBAR B RE R PR ALEAIRY bl ffbrose

demoduPRASS afBstepRtddMockiant atadBédves) cifaft] the intefiawd \chdckiang data
intensity nodul ati on associated with the RZ-part of

recovery ¢iecutdrbingaeansigufedrtorprovide a sigral {avel olatput reprsedatative of a signal level
result... the clpck be recover.ed diyectly fromthe ..
of at e ROt 47 it bR L P gy o i CR i gl B Agpmal in
respons&@&VthE Sigh8l 18vel Dufd ﬁfr@pﬁt’i‘&liﬁ%ﬁﬁ 861 patQlledgiP BF bMEof the first and
denodulat ed optical signal by taking advantage of the
second draxst t hat both of the
According to another aspect of the invention, there is provided an apparatus including: a
demodulator for demodulating an optical input signal, the demodulator being configured to split
the optical input signal onto first and second arms and provide first and second optical outputs; a
first dither circuit for establishing a demodulator dither signal; a controller configured for
providing a demodulator setting signal; a combiner for combining the demodulator dither signal

and the demodulator setting signal as a demodulator control signal for controlling an optical path

length of one of the first and second arms; a second dither circuit for establishing a demodulator
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intensity nodul ated optical strings, i.e. the
denodul ated "ones" and "zeros", are available at the
woripor®20f the DPSK Denpdul at or. Recoveri ng tPeT/Tbmok047318
directly fromthe data stream all ows use of relatively
w de-band Cl ock Recovery CR circuits, resulting in a
dither refergyioe igegjsiemtgn erdredetastion eireiit/for prIVEling an pfrostigeal ésresponse to a

Teedbacl g FRERRELLR DI T HELRITBhOGAAFEL CHOHDE PPLRI Py Pl

IARKE deth&tRAdtof Gittidd SeBRABIbR Abe bontEMPbSIEg b d foR providi
OutImts'df’niﬁop 400 as g Cl k i%put. é%%l?l’ou(tapir% of thegD@[f]i?%l%fl ogﬂm mg

the demetidihtoresetfingengnah irtreg@imse trethe deppdyator etrpresigned.oVbereds also

ot A P Gl 0 S s v
first and:s%kg)ng%[‘lj.%%)agﬁ gfo@?de%%‘dl B dp@cdl e, 112 Bethbl ‘Pr[bhﬁfirég

ignal to an assocCi at ed phot odet ect or an
providingafirstfdither @iaguit 61 Sstablishinguat deutodofatdriéthphsigmed etomtroling an optical
d [ifi ir 41
ot o S b S B T 0. COUPLSR 12, 8100 RS gl
£ N . I1: o ale ¢
demouBSHER B Rl SERL U RBUB R HIBli  aspoto
dither refdrérice sighdl andgerreatopitht dembdulatot settiig signad iptespomese teld feedback
i for reshaping the fjltered signal._ Wen the .
signal rogEaveE R aira S 1o VELOT 172t QoSS HERSt Bcksoand pptioal gyfgus and
: L m:ting anplifier 414 may be a periodic
the dem@cﬁx@%ﬁrﬁh@{gﬁ%@rgh&g&f@%@i ng a frequency equal to the
Adcoeignayanether epedasahe iveltion] e appargtus imefudilge a tunable optical
limting anplifier 414 may be coupled to_an el ectrical
band pagsdiltey fosireeaiving an eptienl inmwbsienalhgviag dat medulged thesgopacpeyding to

[ ith | ock ;si '
corsc SRS Bk R i s
demoduthiflg tiftopticdlapet stdnabthd Aethodusdtbd beindlconfigusddito wplid the optical input

_ recogni zed that the incom ng data stream may be { aPped
signal owtp futeitand seedndtarms and pervidedirsy a@é@pcpqgﬂg)p,tlﬁaltqv@lm;gﬁrs and second

ed dat.a path .to recaver the data cl . .
photo o555y 08 TPy PR BebP BRE ol ifurfoR Rl a T BiggPoutputin

hé fid) Quighebélag an KhdreINtR WcoRE pivtodktector bei
reSponS{e%EtDP%FK&Pgrlrrat Fggl Si g%al 1gﬁl\{/h%greirn t he clcockﬂ}imsm e_c orheme )
configured fanprrowidingraosecoibelocitipaltoutyfut irhigspsmee tube seeonel opfiepl output being
) lifier, pairs. 208, 210.. As.shown he el.ect.ri gal
imparted FRpsops St £ SHRBRD R aET A6 RGP Y P el Bypgponse o
feedbaci gi%gﬂﬁ%p@?enﬁeﬁ%%@ sthhBfovicn Adifistlaal secoiletattddboutpid for

combl ned by a coupler 500, e.g. a 6dB coupler. The

controllimgtapehten fvav¢length wib kerbahd Passefilteb.l heooriis|adse nrovidedamgthod of

controlllngzﬁq één&%&q@ﬂé&h&g@bﬁélha%ﬁﬁé% Tﬂé‘t’%{] Ln:eil xgiz’cei‘?/grdfo{fl rr1eceiving a DPSK

formatted optical signal, the method including: coupling an output of the filter to a demodulator

configured to split the optical signal onto first and second arms and provide first and second
optical outputs; providing first and second photo detectors, the first photodetector being
configured for providing a first electrical output in response to the first optical output being
imparted thereon, the second photodetector 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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clock input Clk to the D-flip-flop 400. Another
alternative configuration 200c is illustrated in FIG

W® 20060790OWN, inverted outputs of the anplifi ePCT/REN5/047318
242 associated with the photodetectors 228, 230,

respectively, may be provided, e.g. after the
pass filteydpitiog signal napsppnsese a feedback @lapaléﬁprsmtatw of the fiygt angdrsecond

C er cou to a band pass filter
elec‘[ﬂcajl?‘f"“%%’i ‘fﬂnltmﬁﬁlgr[ﬁ%ﬁ evlya‘%ge g0 an el ectrical del ay

Kddofdihg tofakbtied aﬁfe@ﬂéﬁﬁe ﬁw‘éhﬁ)&k thePiatprédilied n fffRratus including: an
D-flip-flop 400. For the best high fprequency jitter

optical wlﬁxeaﬁzr@nmﬂlfmg agopiseal sighaldiavingalatrangdudated ithasean aegording to a

P ry Gt et e 0 el RO Rl RGN B CR

recemng ﬁ{erb]dti%al' sﬁlgﬂal %I&%&ﬁ%&oﬁﬁleﬁ fide ahﬂ»lﬁ‘ié@ﬁlt@ﬁ fok H@mcs&g@ﬂmg the

There i's thus provided a receiver fo
optical wgrfat éheedrniadulgsbrolssing brinffiguiedyth plitithel albtataémp@bmgndlonto first and

sceond G LGNS S SRS DS peprviding

amplifiel 'é@dﬁééj ﬁgnaﬁ n RPSARUY S féé&ﬁb&l@élé’&l répré’s‘%ﬁ@ﬁ% ef anefl Power in the first
derodul ating an optical input signal having data

and secomidxpltiaalexdltmhsfoe oontadbing digaig of thecanitBier ndtiedeas alse provided a
forma denodul at.or, bei n onfi uredtos Jrot
method gfpqraialingife G580 AAPUGH S PREL ISR TE06R doLFHu v iag¢ DPSK
r A
formattegeog\g%%es p%ﬂg%, g%eel?lgfgltog ‘rﬁg&&gﬁg ?l?ﬁg 1R 1f thd &03p1if490 an optical

det ect or” bei ng
band passdfiiférpeaupling tre qutmt iofl thedfilter fto a E(PSKI Mcrduﬁzad)r aufigutedito split the

s S o A P B o
providlrg,:]aglvain‘fi o Qetﬁﬁg gﬁg Halgh ?%h{)hﬁ%% a%gdBHék é@‘gfl ¢ %ﬁ%ﬂrvé’ of signal

cond el ng ereon;
power it ﬂieﬁﬁﬁtanddewrﬂdptlaﬂcblﬂaﬁﬁfdr emﬁmﬂhlj{g thergam t coupl ed t 0
first and second el ectri cal outﬁuts the i ntegrated
/éP@é‘I’én& frjangales aﬁl@@b@%ﬁhy igsienten.tthese isRyovidad Py aplaaaa%mcludmg an

T LT T ——
for dem@dhﬂ@ﬁﬂ | dudd fromtthelbpticat ihubsiglf aOFEEdecalet cigeuiecbrfipured to decode

provi ding a denpodul ator setting si naI in response to
the datatand taspugiide a faylé undmmcpmtpowpcm¢ aylf ia deensing e data and a

controll$ ctog]flglgrrégltf%rvcf %aé) tl%‘&rﬂ@ﬁ'q &hetg ta%@gvlef fzeelvcﬁ)lnc% A gﬁtlca}_ﬁ{f){l? signal is

below aPREMREHHAcd thieitld abd 8 fhelt fdldator 3 HOPIel 0F s ¥1Ed decoder. There
optical input signal onto first and second arns and

is also gycp\odepcb@mﬁthodtof amjecgmg@g@{m@tman@]gntsmmmpgt sighal appli¢tbte an optical
0 a f .t he denodul at or
amplifce BF 8 PL B Re ity s P R OplpE PR § REver 19ve 0t the
input sigdl;885RERR Gl fRGIK cAFi SRS Lan FEC decoder for decoding data modulated on the
optical signal; and disabling the optical amplifier when the power level is below a predetermined

threshold and the fault condition of the FEC decoder is indicated.

According to another aspect of the invention, there is provided an apparatus including: a
demodulator for demodulating an optical input signal having data modulated thereon according

to a DPSK modulation format, the demodulator being configured to split the optical input signal
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recovery circuit being configured to provide a signa
| evel output representative of a signal |evel of at
wo eas7oee of the first and second outputs; anPiCT/US2005/047318
provi ding a denDduIator setting signal in response to
t he signal |evel %@ut for controlling an éﬁtica

onto firgf ang se@nstaﬁn@ﬂn(bpr@v ﬁrﬁeanmse@mdmac@@@m yhgnd second photo
deteCtOIACt?lg rf%t g{oﬁef%@tgi‘ g@ﬁg ggﬁ%”ﬁ?ﬂo {% tpPOeVI %tr t%? ctric%%t?tp{ltsm

responsé ﬁﬂﬂh@ lﬂrﬁt figalash bbﬁl@ limipdeadt theleh), &he sdcbd gRoedetbabobeing
bei ng configured to split the opti ‘cal i nput si gnal

configugndtfr providinga élecgéé elgetrigaltpuidn paspense do thersseongheptical output being

e R -
the clock @Rl idetar-esbvesr mehﬁWeﬂig%nﬂﬁQ@Hst‘ﬂo@fd@ fanSoRikdult Fﬂ)ré’deﬁﬁﬁlve of the
a combi ner for combinin denpdul at or dithér signal

data; angdngl elﬁﬁew@ﬂeielﬁmll@uﬁ ﬁOEId@‘g betg/esm theaine 2§ elacwlenbdmplas and the clock
n ath len

L .
and dat R}Ry g B 0BG g s e P E0R s G B i gfetetermined
and pres§et eRebirical &Maﬁ@ﬂtﬁ@bé&&bMﬁ% eleomidall taf dh1hiRY to'tRe eﬂhelnélecmcal

signal; and "an error detection circuit for provid
output. drheey llsals0$rgv1ded & methedpd nempemsaang ﬁEdbhﬁkfeBﬂlaj nﬂalay between first

and sec?rr,fg rlg«%:elg%laot | V %%trcaé 65%{] )[a @5 ghaof;i?]c&]e?efoﬁ(tgs ?r? a re%elver for an
optical ﬁgﬁﬁ? qilﬂblﬁ% Ql'étaqh&hﬁéte& ﬂfe?éoﬁ"h‘é@orﬁin%qgh’thﬂi@ mfoRiafih k&nat, the

i ng configured for providing denodul ator setti ng
methodsncgmhhg | toning spahseftn etdeaiodbdaaiuling mrcompensatsfog tizd differential
re is also provided a thotg f stabili.zing
delay; aaé Sertine 25 Splve ?habmréeap?@%m g5t GpRspigtion ﬁﬁrei?nnance
r [ -
Abiting30 flother dhod BF RAEAROR, HBrcl o alSphibith inctuding: a
data pathrlmludingga d?erﬁd)dlﬂ;attoﬂfot Hemodulating d4n dpticaleiapadsigrmh haihgn@data
denpdul ator dither_signal; controlling an _optical at

modulajed {hgrronsacegriingto & Ré-I7h Yis mognlation feyme &h%‘emﬁdu #ep
ooy QPR3 5 A1ES 80 ABEA sr

second epticabbutphis/ghdafideatddist@idoshott ddiedtorsethe fies @ﬁoﬁ)ldeﬂéaﬂo'r being

and generating the denpdul ator settln%t3|gnal in
conﬁgureésfﬁbn@yldnag alirs eleptaicr] autpan respprsede Hedirsteptispl eutput being

1mpartea ltl%rﬂca S %«L,OI?J Sph%& od fe%’?orggﬁlg &%Fﬁ%lﬂgdg(% tp% 18&% esr%é?%{bdelectncal

output i Ir@pahse téﬁwﬁﬁbwoﬁt&aﬁmbﬁﬁfelr@,sme@fheiéaﬁ—l haieit tdtpled to the
an apparatus including: a tunable optical band pass

first and gecp eleeirlcelesn@m itlep erpugheingadonfigyad tcsp@mde aniaeleq&gcal output

dat a_nod ted reon accor atio
date sy g Rotleh e Srihe S ST b fElos byl GRaEb S lger
associate@&athfthé H&k; zilﬁlra clock path coupling a portion of a signal on the data path to the

circuit as the clock input. There is also provided a method of recovering data in an optical
receiver having a data path including a demodulator for demodulating an optical input signal
having the data modulated thereon according to a RZ-DPSK modulation format, the demodulator
being configured to split the 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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denodul ati ng the optical input signal, the denodul ator
being configured to split the optical input signa
wonioe/0f40e6t and second arns and provide first PEMUS2005/047318
second optical outputs; first and second photo
detectors, the first photodetector bein? configured
configurédfor pravididg adirst déatrical entput iniresponsa tothe firsh opisendenput being

t first ti I t put. bei [ d the .
imparted S5 GBSk SH B L SRR g S Rgohd Bcrica
output iSREINe & BE sédondlopQedi Ritput Beih® FREARA thétebih ehemeidd including:

optl cal output being inparted thereon; and a

providing arincait beuplédio the Givst dndgecandeleckripalamitiuts, tthe ciseitbeing configured
.signal i.n.response to a feedback signgl, representatiye, .

to providsyarilesiigal pBRSF dith stut reprserianep Sl e o BopaRef B clock input

represenfiilvBYf 2 cfo@% iaﬁ&gfrafzéal Wi he YakS AR ColfMR! LpHibn 6f a Eigﬁ%lfon the data

pand pass There is also provided a netho
path to the@citouid dsithgclbtleinpant er wavel ength of an optical band
ass filter in recei ver for, receiving a.DPSK . -
Thsrerbodimenspitig havediegh fFscriphara ol SOt P e igveral which utilize
i i i8h O r
tis invefHP Lo 30L Bt B Wi\ i fion bl Ay T IREMIS Many othe
embodirB@fQRehict will b ebagilpupheent ko thbseaskillsdodhalamtphaychd made without
'outputs;ffroviding first a?d second photo detectors,
departing peatgrially frqsm Shecwatiaed seonsat g B¥sHUGur ed for provi di ng
a first electrical output in response to the first
opti cal 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; and providing a
bandpass filter setting signal in response to a
f eedback signal representative of the first and second
el ectrical outputs for controlling the center
wavel engt h. According to anot her aspect of the
invention, there is provided an apparatus including:
an optical anplifier for anplifying an optical signa
havi ng data nodul ated t hereon according to a DPSK
nodul ati on format; an optical band pass filter coupl ed
to the optical anplifier for receiving the optica
signal; a denodul ator coupled to the anplifier filter
for denodul ating the optical signal, the denodul ator
bei ng configured to split the optical input signa
onto first and second arns and provide first and
second optical outputs; and a controller for providing
an anplifier setting signal in response to a feedback
signal representative of signal power in the first and
second optical outputs for controlling a gain of the
anplifier. There is also provided a nethod of
controlling the gain of a optical pre-anplifier in a
recei ver for receiving a DPSK
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formatted optical signal, the nethod including:
coupling an output of the anplifier to an optical band

w@aws/0f40kd er ; coupling the output of the filtePCT/OSH05/047318
DPSK denpdul ator configured to split the optical

_signal onto first and second arns and provide first

What is glatineibisond opti cal outputs; and providing an anplifier

setting signal in response to a feedback signal
representative of signal power in the first and second
Ot CRh afHriUs Sothpisig@nt rol ling the gain. According to
anot her ‘aspect of the invention, there is provided an
apparadeansodutatbuidi dglméltﬂamg am@tlcalmbuﬁmgral gm\ring data modulated

TR I Y 1 RN M T ——

optical 1%1@1% siial 6b fHrfRUE séécﬂlﬁ%ms &l frevide e adan s@écfn@llﬂphcal outputs

figured to decode the data and to provide
i ndi cfspandgeomdpittiodetavims, cshldaﬁrsmhdtodetecﬂndxmgr@nﬁgued for

o A SN g W e
said sec?ﬁcgﬂ%tod e st b%Yi’lgaco'ﬁ'fgov' ngBrH@iq%r{%fH &85 HedRbartdy ut in response

| cat or FEC decoder. There
to said sesoral cpticalr cuitpul deing 1mphftexb|ttmfeom ot ecti ng agai nst

transients in_an inp signal applied to opti cal .
anpl %nfmf@gra&ﬁd %Wq%@m dein regwﬁ%?ﬂ Qkconpleft o fif 2R 5e79Rd electrical
[ 18 1
outputs, sﬁﬁf IH% %kr %r%dageg con éfle%(el%o%gg an dFE y(}jvé%eoa %ﬁg nal leve
output rﬁp’éséﬂxﬁa@ﬂé Ioﬁ G sipatblenaicf Iaaleaﬂ ona of swid fipst andibecond riektricalnahtputs;
'S

abling the optical anplifier when the power | evel
and s bel ow a predeternined thr eshol d and the fault

Co S A B i S e

said sighdl 1&RPBHBLLST bélﬁkdlﬂhgl@n o%tldiﬁmﬂi Wnathosf dnerof daidditsd aatlisagond arms.
an optical input signal having data nodul ated thereon
according to a DPSK nodul at i on format, the denodul ator
ei ng,configured t [it.t C [
? ir stAﬁﬁBp%r%t ﬁ&coég %ﬁl 1mrbw %éfnfslgirds 0511&8&@151'5 %Qﬁ%ﬁﬂé@m control

said opﬁ{ﬁl b&BlerdH RHchievE 'a%hs@@ﬁtlﬁmq:ﬂ@f lehetheredetsda an Iiﬁtegdr Relue,
first photodetector bein conflgured for providin

betweef hglsttraselmgwn wéd onuefraid fivst anskigoendearms copwaredrty thggt traveling on

ut b i nparted thereon, the second
themheﬁﬁg?ad@gfsg Fec‘rS’EgﬁHg%onfi gured for providing a second
el ectrical output in response to the second opti cal

out put being inparted thereon; a clock and data
B.ecov enyappiarates dccowsting toclaim ¥, iwhsteimpaid ptesh gath length is configured

el ectri cal t he cl ock and, dat a
to vary {1 1ESRATES BeeiL0 PO T S e DO SO SR gither signal
representative of the data,; and a electri caI del ay

circuit coupled between the one of electrical outputs
dand t Aa apbaratus according to claim 3, 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.



and data recovery circuit, the electrical delay

circuit being configured to provide a predeterm ned
wanaeprsset el ectrical delay of the correspondP@mUS2005/047318

el ectrical output relative to the other electrical

gutpq%ibl There is a&so(?royided a met hod of ) )
tonpent APPHEUP Becording 14 elpiant whergin)said agairplers penfigured to adjust
said delﬁ&ﬂlla&@lcéé&ﬁlge%ﬁﬁﬁ td BlimPA I forRlauBSGURRLEflaf | FSt and

second photodetectors I n a recelrver for arroptica

si gnal having data nodul ated thereon according to a

é)PSK dul ati on fo({,rmt, the nethod including: tuning a

al ue "BFPRARALEF BCOFqipg fo ¢lainhg: Wheseinsaidesiop dpfsetien ¢itpuit comprises

a synchiohSusdithtedqntdal del ay; and setting its value to that

corresponding to the best transm ssion perfornmance.

According to another aspect of the invention, there is

roviu%(led an apparat.us including: a data path
‘ncl APAT AU G EOEING Fotlaid, sg giagrsicagpaining st firstdither circuit

for estaBlRRME sSi | - ted.thereon according. :
or estal Rt SRR AN O B B KB B SR DBl hyne saie
demodubatmfdither efbrémesiynal. t he optical input signal onto
first and second arns and provide first and second
optical outputs, and first and second photo detectors,
he f}j L or bei confiqyred for providin
471 A ShpeBa: REREE BLOR T ERs h8l SR it g ana

said denoaulata! dithst REredRisiihal ARAEHBIEHEN 8Y 848 firdtHd 366 Wither circuits,
phot odet ect or bei ng configured for providing a second

respectivsly di Fespense b e gommon oleskdopie to the second opti cal
out put being inparted thereon; a circuit coupled to
the first and second electrical outputs, the circuit
hei AL Gifat-gul RRBoidhPIoQWAAI7, HheRliR64ill s6hnd AthAUirR
streamrepresentative of the data in response to a
configurgd fukmpaiting arselscieblerrelativey phasé differ¢nwe betreen shidtdethodulator dither

. the. dat a: . and clock path coupling a portion of a
signal ansnsgnae %“?%@‘ﬁ%&r%%rﬁﬁ%seﬁ% e circuit as the clock
input. There is also provided a nmethod of recovering
data in an optical receiver having a data path
10nc| Jdi anparetuservoodingt torcldimr7, sidwerednbad fing and saphd dither circuits
. 1 nput  si.gnal.. havi ng the data nodul ated thereon
comprlsea%e%Wm ‘#1‘%0? élgggw-n &odul ation format, the
denodul at or being configured to split the optical
i nput signal onto first and second arns and provide

1i r s tAreapmpasitisaedordpty toalaim, paitl appands firtiet canpriSee am Smplifier
he first, photqdetector

ot o detectors, ) C
configur R %‘L&%ﬁo Lﬁ%t%ih&%ﬁr gigay andeptablisheaneamplitede of said
i j I i | t . . bei
demodulth Bk RS B il SRl B B8

configured for providing a second electrical output in

espgnse to the second optical output being inparted
1fzher ASAPPRIREIS RS ETE Nt ¢lairilpyherein said DPSK format is a RZ-DPSK

format.

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

Zehnder demodulator.
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providing a circuit coupled to the first and second

el ectrical outputs, the circuit being configured to
w@e@siod®2@n el ectrical output data stream PCT/US2005/047318

representative of the data in response to a clock

I nput representative of a clock associated wth the

data; and coupling a portion of a signal on the data

th I
DL AR B L U £ ORI T kg s
recoverydirdulitds senfiguadd wtprevidel fitst bd®sdcbhd® ohd%ﬁ@hlki%igrﬁnﬁvélfcﬁltputs and
set. forth here by way of illustration but not of

wherein)spidi qontrpler is pemfigusrchior peavisiag said demodiHteon setiing sigral in response to
ggp! ose skilled in the art, may be
SMdfh#%a ee®¥Fﬁ§%@ﬂ pa§@?%% materially fromthe splrlt and
scope of the invention.Wiat is clained is: 1. An

]z;\%opar atus co i si ng denodul at or for denodul ati ng
recthod %%mbﬂsmgmnem«mln@r configurastialspliceDPSE: bonatted

optical i é&or dnlapgnt%) %6%' dul at Pr8v1216rﬁ§t’ agélsaco&&qugal outputs, said
method toWapisifig:gnal ont o f | r st and second arnms and provi de
first and second optical outputs; first and second

p h otcoueh@m@pu@ef iseidfdemotiulatoy toaeintegraed bleck gnd data recovery

i, GSULABREE 00 Y 4 005 i b S5 s oot e

output r&ﬂ}ereﬁe@ive %Ph digagaend oPBOLAYBhE6F Qid RRL BEH §RBAd BEHE; and
f'or providing a second electrical output in response

to smovidmg(aoiomcxdptartcu‘asbttmgtsmnal meespgn:smtpaatdemgnah Eveboytput for
i nt egr.at cl and_ da rec CI rcuit coupl ed
controlfig epibpBPHIRui efesf at 0B ehiard Bt SBReOAG A o

i ntegrated clock and data recovery circuit being

configured to provide a signal |evel output

Yeepr eA emithdd aceonfingtosilgimal 5, kaid demotiulator ketting signal ioEonfigured to
first and secon electrlcal out puts; and a

establisigg Hg gssrelationsir g wheredris ip 6‘%“6‘?&?5 valugdisbienodiaht traveling on
said onesrﬁ{sﬁqugfstsdrﬁﬂrk@}:oﬂdrhrﬁﬁ %Bﬁﬁéﬁ%d t&vé]tl%‘@i# tHe DRk fo? Ui ?rst and
sal

or controlling an opti one 0
second drinsst and second arms. 2. An apparatus according to
claim1, wherein said controller is configured to
control said optical path length to achieve a phase

{f' - A%ﬁﬂ%ﬁ aQ{orJﬁB WOEE 1K dafi E‘thé‘&‘ﬁ}rﬁ{ Méihg*e
et ween rav I|n on ’sal one Pi%'3% and
SECQﬂl@Vl&fn@’& deprgdarast dirhexl digkll; dndavel i ng on

combining said demodulator dither signal with said demodulator setting signal for

controlling said optical path length.

18. A method according to claim 17, 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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the other of said first and second arnms. 3. An

apparatus according to claim1l1, wherein said optical
w@adok/orwegt h is configured to vary in responseP€DUSENNH047318

denodul ator setting signal and a denodul ator dither

S|gnal 4. An apparatus according to claim3, said
18 parAaméhqdmcs:wdtngd@ eHAingi8 ngalémegqu&mtb@t@e}nr@ﬁlg providing a first

dither mgcg?tgurs?stabzllsh]lgg %X]Id {A‘[ ﬁl&ﬁér 2%%2 %1{5\/{&12%) ? Ee%gnctl fither circuit

for establighi@s @ﬁa@eﬁioaﬁmor d&n@k refeedRE Bigaall d denpdul ator setting
signal is provided by said controller in response to
sai d denodul ator error S|gnal 5. An apparat us

ccordin t claimd, wh sai d ntroll.er .
oot 1R st ® R uReRH SiERLERIRE iy sigpat and seid
demodufaﬂ)rrﬂ'lﬂibﬁefe@er&@s%n@?ﬁﬁ @yﬁtﬁésﬁ)z"ed%rsﬁfd {50l secéhd dither circuits,
apparatus according to claim4, wherein said error
respectividy, 61 t4sponseite alspptmmmnimksleguta sy nchronous phase
detector. 7. An apparatus according to claim4, said
apparatus conprising a first dither circuit for
Bt abl inflih s Bidh BRI B, 94id tHelhur fuﬁh&r@tabﬁﬁlﬂnéan amplitude of
second dither circuit for éstablishing sa
said denateluteden dither sighdlhe respetiserte aic empligpda lof sa@d dﬁmoélpipf@r settisg signal.
according to claim7, wherein said denodul at or dither
signal and said denodul ator dither reference signal
2e e&%&@é&@r&ﬂ%ﬁ%ﬂm‘: 19, $4id 3eh RPEAREr HnkftBing imparting a
clrcuits, respecti In'response to a connon cl ock
phase differemte b&webm sap riamadulatoa ditloer digngl amel saichdamﬁula/&medlélenreference
said second dither circuit is configured for inparting
signal. 3 sel ectable relative phase difference between said
denodul ator dither signal and said denodul ator dither
reference signal. 10. An apparatus according to claim
2. whamssthodaicdrding ®t claindl 5 eheredh sthid heegraied cldcksand data recovery
conpri se separate direct djgital nt hesj zers.

circuit inppsiearaddo pEde g andsesong ?Hﬁ’B of sai dieaphlay {oiptfy apdhperin
said congr%ﬂglgls %bl?@og@gd ?(ﬁ%lrr&\tsllaﬁg a%lﬁ ?9)6 %&uh& Qﬁhéﬁem‘?@%pglase to said first

andggﬁﬁdé@ﬁdﬂéﬁﬂnmﬁmhatOr dlther S|gnal in response to an
anplitude of said denodul ator setting signal. 12. An
apparatus according to claim1, wherein said DPSK
format is a RZ-DPSK
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format. 13. An apparatus according to claim1l, wherein
sai d denodul at or conprises a Mach- Zehnder
walesotizdoad or . 14. An apparatus accordi ng to cl aP@T/1$2005/047318
wherein said integrated cl ock and data recovery
circuit is configured to provide first and second ones
aﬁ@a@W§ﬁE$C@@P@$n&utputs and wherein said
cont r o{iérﬁ(gddleﬁo f&?%@&g&ﬁg‘%x{go?rlh & 1%\3/' 1'%1'3 ntgs1%r%.ll dsgld ddefmodu%ator being

demodt or S€
configueddo ssiianid @tl@ﬂahpdlt%igﬂal Ontb Bt and d&vond afiRd AeDproVide first and
stabilizing a denodul ator configured to split a DPSK
Second@RiWﬁbelttEHS,optl cal input si gnal onto first and second

d t d t { put
oot ot P80 oBie? VtlBr fok R AR SRR iy S
dermacignabhér dodfighirel To1OSo ARG Ldcsdduinel Watd sarovery

circuit, said integrated clock and data recovery
cir mﬁqrnbmrrfgr mbln@ngrseul dequubmrdlethar %g@h and s@d demodulator

ST LRI MG ——

ﬁrstancps%a&g}grﬁisor setting signal in response to sai d signal
| evel output for controlling an optical path |ength of

one asfeceral dithfer cigeuitifod estelolishthgaa desnodubatoradithet teference signal; and
according.,to ¢ enodul at or, settin i gna
o B B Tert by PN At el e Brefepuback
signal réﬁf@sreﬁtaﬁvé §fd ﬁgﬁaﬂ 1wl Sgﬁtr leéé%ﬁt'eof SARE MREd deBbid optlcal outputs and
travel i ng on one of said first and second
said demmadybaoreditheo rdferghd:e mgmt,edaﬂ@ntmlld:ﬂhelr[g dvafigofeddar pkoﬁfldnrg said
nd second arns. A nme cor di n to, cl aim 15,
demodulaforseftnerrign mr@ﬁ@mi‘: B’rﬁ?%‘f E%f%@ia T oh AR }%@ah
denodul at or dither signal; and conblnlng sai d
denodul ator dither signal with said denodul at or
2etti Ag appayatak afcordiagng clainh Phgvisacid saidtdeamidulasdridither signal and
18. A net had accordlﬂgxéo claim17, said

said derﬁ%%q%zggr ({1{}}6{ ng?reg%;'n%gmag ,aﬁzges thync,@dgirawoqﬁ:p%%qlther circuits,
reSpeCtlg‘ﬂg’qg r%jgrgrg% arbohﬁia&?ﬂg?( fng said signal level output

ator Ference si gnal , and wherein
sai d denodul ator setting signal is prOV|ded in
response to said
26.  An apparatus according to claim 24, wherein said second dither circuit is
configured for imparting a selectable phase difference between said demodulator dither signal

and said demodulator dither reference signal.

27.  An apparatus according to claim 24, wherein said first and second dither circuits

comprise separate direct digital synthesizers.
28.  An apparatus according to claim 24, 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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denodul ator error signal.19. A nethod according to
claim 18, said nethod further conprising providing a
WO Roosto74924 her circuit for establishing said deP@HUSZD®047318
di ther signal and providing a second dither circuit
for establishing said denodul ator dither reference
29. gnafin apparatns aeaorbag sedaim2hgvheseis Isaidrerrps detgpiéqnegireuit comprises
hrsaid q$nn %I%tor di t her signal and said denodul at or
a SynChgrPY R P e fereice signal are synthesized by said first
and second dither circuits, respectively, in response
to a common clock input. 2 1. A nethod according to
#0.ai n\n 2pparaiiug agaordiog td elainh a4, velwreibIspidiiemydalator comprises a Mach-
anmpl i e of said denodul ator dither signal in
Zdﬂmb?égﬁﬁééék%o an anplitude of said denodul ator setting
signal. 22. A nethod according to claim18, said
nmet hod further conprising inparting a phase difference
bt wedmethodlotitatnlizing e denibdiletor sonfiguredaodsplitdmioptical input signal

empdul ator dither reference signal.. .23, A netho . .
onto frS{ BB SERoR S BICHTAYILS SHABH 8rord ApHcal QLisyapa Pt comprising:
and A8tidideeL@éedivhe? bi&H! for eStaBIRRd G-I duPathf @MeH Signal;
first and second ones of said signal |evel outputs,
and asihgpBing asaiptica patirlehgtbof bse ¢itsaid fjrst et feoond arms in response to

X rovi di saj d denodyul ator . setting. signal in response
said derhotlagpreifhr §1tgn%1_r?al3° Bt anE SR out put s. 24. “An
app i i
SePYPHEORREL NG, e Bl St R B e
signal; amdnfi gured to split said optical input signal onto

first and second arns, and provjde first and secgnd
opt i c&neriing saig-degrodplatar sgfting signgl ip gespensedp 2 teedback signal
o r . * . .

ropresci s PR R of QU T Bl 06 oA Wt 4 i
demodudateodittien esferende si@tibi ni ng sai d denpdul at or dither

signal and said denodul ator setting signal as a

denodul ator control signal for controlling an optica

path I ength of one of said first and second arns; a

second dither circuit for establishing a denodul at or

8.t heA rhehed eneadisg @dhim 3N daidm&hsdfurthet eshpriNing imparting a

circuit for providing an error signal in response to a
phase dfffeseriga brtween said demodulator dither signal and said demodulator dither reference

signal;

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

comprise separate direct digital synthesizers.

34. A method according to claim 31, said method further establishing an amplitude of

said demodulator dither signal in response to an amplitude of said demodulator setting signal.

35. A method according to claim 31, wherein said demodulator comprises a Mach-

Zehnder demodulator.
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signal representative of a signal |evel of at [|east

one of said first and second optical outputs and said
waoleowodzdoad or dither reference signal, said conP€DUBEN5/047318

bei ng configured for providing said denodul at or

setting signal in response to said denodul ator error

signal. 25. An apparatus according to claim 24,

erej.n_sai enodul- at.or dither signal and said

3§2m) Qpﬁ&agﬁ Y1 &f er ence signal are established by

sai g thidbsd oite]l 58@QPack HitdrT6¥ re6ditimgiahoptitASARE signel Baving data

in response to a comon clock input. 56. An appar at us

modulated theregnragearding) taaMESK maduletiom faymat second di t her

i t PuingRlef RobdHl Kt SmnaartoBa Brd FuRe B gl oAlRR e seia
optical iAftQighENRAH | dREREuELdr Being cBARSREE B plidBAl opdal it signal onto first

apparatus according to claim24, wherein said first
and secosd e gudhprovidefgst anidrseedndoptiostpuimes; separ at e di r ect

cl o iRl i ag idors iR BT ERFPing ookumed for

providin%%ﬂs{ d18¢trieA lr&)ﬁlt;gl't' Erﬁl‘ésﬁd?ﬁsé ﬁ)ﬁs%'id/ Brsbhistad gﬁ@dﬁﬁéﬁ@fénparted thereon,

er signal and est'ablish an anplitude of sai
said secalehminhid detestordietrigaronfiggmd ffori providing arsseontdoel ertricatpitputitheresponse
enpdul at or, set l.29. An apparatus

., of said t] sign
to said Sﬁif@gl‘o_@ltlﬁ Ocug"’_él ﬁin&llﬁlﬂ?ﬂ?f\jﬁg‘gr@f)‘i’f 8§1§i d error detection
CI 1 GWohtr 6 RGN ?%%ic@n%s% BC ;@r@néjg%erpﬁﬁr;n? s?é?fa?ﬁf%ﬁpon@to d¥eedback

appar at us accor di ng , Wherein sai
signal repesyentatied of sigmipoweeia saidVistend Zedumdeslectiérab dutpatsdpr cadtrolling a

A net hod of stabilizing an denodul ator configured to
center“@pgqalplggﬂa,qf%gii)e@qus,a I.signal onto first andgsecond
arms and provide first and second optical outputs,
said nethod conprising: providing a first dither
3. CUMh aprates hedokdisfionglaian 3¢ witkidiakaid cdhtrblbar iscapfighred to

. controlling_an optical path | ength of one of said
provide said bendspessSuienFRITeE sianal 0 ale%wfg@nfeé vRFlnebnbdn aevslength of
. [ signal and a denodul ator setting signal;
Sald()pt%?fog\}/glgﬁl'ng a second dither circuit for establishing a

denodul ator dither reference signal; and generating

sai d denodul ator setting si %nal in response to a .
3% e db Adkappprgties according to claim 36, wherein said center wavelength is

configured to vary in response to said band pass filter setting signal and a band pass filter dither

signal.

39.  An apparatus according to claim 38, said apparatus further comprising an error
detection circuit for providing an band pass filter error signal in response to said feedback signal
and a band pass filter dither reference signal, and wherein said band pass filter setting signal is

provided by said controller in response to said band pass filter error signal.

40.  An apparatus according to claim 39, wherein said controller is configured to

adjust said band pass filter setting signal to minimize said band pass filter error signal.
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representative of a signal |level of at |east one of
said first and second optical outputs and said
walesotizdoas or dit her reference signal. 32. A nep¢diDUS2005/047318

according to claim 31, said nethod further conprising

i mparting a phase difference between said denodul at or

di t her signal and sai d denodul ator dither reference

i gn I

oD Ay TR g R A b0 Sl U Tt AR Aifbuit comprises
a synchmapey pitase détetot. di gi t al synthesizers. 34. A rret hod

according to claim 31, said nethod further

establishing an anplitude of said denodul ator dither

gnah, iy

OO Thp er PG RahR FHARTE, ol BpanS Aoy HH M M

circuit ﬁnhmtaéihﬂhmg saidcﬂ:and)ﬂadsaﬂm dilestpignalemda bt didednotieit for
| at or. 36, apparatus conprising: a tunable

eStath]@J‘Bg ?%lglb PR$S @@Edlﬁhqrtr%fﬁmp%? sighddei vi ng an opti cal

i nput signal having data nodul ated t hereon accordi ng

to a DPSK nodul ation format; a denodul ator coupled to

48) ouApupparhtus atcdrdiag ¢ams 41 iwHtepsin i Bdﬁdfpdéﬂfﬂtdr @8her signal

sai d optical |nput signal , sai d denodul at or_ bei
and Saldclmi.p@@ﬁrfélép tdéth grpuefqre@auswnébarﬁ exirblishpdiby said) dast a@ﬁ ﬁ@pond dither

flrst and second
oircuits, IJe psé&waeng Is%:s?&%efl FsP %%C‘éclc}n phot o detectors,
sald first photodetector belng configured for

providing a first electrical output in response to
4hi d Anrapparétps peearding tgpelpinbé?, n’ghqrwpamd@gcqndech@@hclr@di ig]

hotode con ure for din
configu B BBl f sl e S P G b el bl st
dither si2RAl ﬁ@'sal‘éllﬂaﬁ&' bafiailng ditﬁ&%&fe%ﬁcé fighgon; and a
controller for providing a band pass fllter setting

signal in response to a feedback signal representative

signal power in.said fir C. el ctr aJ.
St puRE el oS iR il S Beroid see ther cireuits
compr1£%@§§rﬁé§§reét'd1é1@di symifesiA¥s, appar at us accor dl ng t o claim
6, wherein said ctontroller is configured to provide

sald band pass fllter settlng si gnal to align said

2 .nt eknva‘l%f)’a%t%? %ccor ng to claim )3(8 lv%‘e%eln said DPSK format is a RZ-DPSK

format.

47.  An apparatus according to claim 36, wherein said demodulator comprises a Mach-

Zehnder demodulator.

48. A method of controlling the center wavelength of an optical band pass filter in a
receiver for receiving a DPSK formatted optical signal, said method comprising:
coupling an output of said filter to a demodulator configured to split said optical

signal onto first and second arms and provide first and second optical outputs;
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said optical signal. 38. An apparatus according to
cl aim 36, wherein said center wavel ength is configured

WO 006@ar4p20 n response to said band pass filter BEL/UBIWG5/047318
signal and a band pass filter dither signal. 39. An
apparatus according to claim38, said apparatus
f ur proeidingofmst arsl segorhpleto detectetsesaid Hrst photedgtectpipheing configured

for provifl iy Hesapsm Pyl Griarromniosabiral sl FpihehiRHRSd
thereon, 5424 SIcBRE Fhib@@tor Btk _8311%{%@&@ fePprdvidah RRE8d ElebfiiRhl output in

setting signal is provided by said controller in
responselt@sgid ssend opteil dutpahbeipg gspdrtedtteere@rmod si gnal . 40. An
appar at Us accordi ng . to c|aim39, wherein sai .
c PRI P T el e PRy gk siena
h . &'CQIFH&J:I SR RIS ®r EStebIRANShidB&iter wavelength.
represett Jlﬂﬁgiisagﬁﬁ%ﬁ}gji gha .4%. ,%\n apﬂp:ﬂ'zglr a{us actgl?)%]di ng to g
claim 39, wherein said error detection circuit
conprises a synchronous phase detector. 42. An
apparatus according to claim 39, said apparatus
OmpIA S I8k 8 bl 4 ClalEMbthofl HirtiRs LBRbHSIRENY
EP b S G e e R
di tﬁﬁvicﬁﬁg@bhﬁdlﬁasﬂ fittst dilHet sighalgarshi d band pass filter
dither reference signal. 43. An rafus accorgding to .
cl apembining i kand pags faltes efp%%%a?g%ts F‘Wﬁ’éf*s ’g]itf‘é %‘éﬁ%mg signal
apd sai.d ilter dither reference signal are
for Contrggltnggslldscﬁlgtgpg’f}g%%?%ﬁ’fi rst and second dither circuits,
respectively, in response to a common cl ock input. 44.

An apparatus according to claim éé wherein sajd )
59ec orfumgthodeecarfingup claim 49od Bgthed frghericRpppsing geaerating a

selectabl e relative a [ LR ' .
band pasﬁ?’é@r P2 a0 1 ’i%’%l?ongf'?g"n aﬁ?d %ﬁégag g?%%gla%@ pasg1 1%9% ?lé%}%ﬁ‘tﬂer
referencébibRA! arldel R 6iAGRIdH88 %hss_ fifer séiting pigaslds povideddn déspondedo said
claim42, wherein said first and second dither
band passifilteuetrer tgmapr i se separate direct digital
synt hesi zers. 46. An apparatus according to claim 36,
wherein said DPSK format is a RZ-DPSK format. 47. An
APpar Aidéth AR diHpdo il 5, i hethdeugthér cdaiptising providing a first

denodul at or conprises a Mach- ) s .
dither circuit for establishing said band pass filter dither signal and providing a second dither

circuit for establishing said band pass filter dither reference signal.
52. A method according to claim 51, wherein said band pass filter dither signal and
said band pass filter dither reference signal are synthesized by said first and second dither

circuits, respectively, in response to a common clock input.

53. A method according to claim 48, wherein band pass filter setting signal is

provided to align said center wavelength with a wavelength of said optical signal.

54.  Anapparatus comprising:
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Zehnder denodul ator. 48. A nethod of controlling the
center wavel ength of an optical band pass filter in a
WO e@eioveo f or receiving a DPSK formatted opti cBCT/US2005/047318
signal, said nethod conprising: coupling an output of
said filter to a denodul ator configured to split said
opt arcentice} apnplifies ferrmplifging an dptieal siamabhayingdata podyiated thereon

. fjrs d s nd ti.cal outputs;providing first and
ac“ﬂmn%ﬁh%ﬁﬁggﬁa?ﬁﬁﬁgwggﬁBWg, said first photodetector being
confd Gilc8Obdndpaky BYdrEotfled td sid® bptﬂiaﬁﬁlhgliﬁ@ foPtécpiving said optical

response to said first optical output being inparted
signal; t hereon, said second phot odetector being configured

for providing a second .electrical output.in.response ;..

to aladdebRe i e am G Blrr/gY M R REPIRfat senal
said demB@Elatdt B¥%h b%@n%@pﬁﬁﬁd bptida®inpsesibhd) @nf fiRGAnd second arms

response to a teedback signal representative of said

and providerfatt saddecmdmpticalomtuts; @add out puts for control ling
said center .wavel.ength. 49.. A nethod according.to .
c1 af FPHEICE G0t PG 0 At SO St 1 fogdeck signal
bivbei sHatfel andl SORd oAl SRPRS Mrkensalliflg a gain of
represen%’gg%jo%gg%lhbkter Sgilther si gnal (wﬁlth sai d band passg s
said ampliffiet.er setting signal for controlling said center
wavel ength. 50. A nethod according to claim49, said
nmet hod further conprising generating a band pass
i ter . | BANSHA hfhs Al ihB8A&AHrising first and
5éigna §%%R%F%%g glggckﬁﬁtef§§?tﬂ%r reference si ﬁ%l, _
second pAO debRi@Rh, BaRidinst fimasieprts bbingtcenfigwtd forgrevidingla first electrical

rovided in response to said band ss filter erro
output irgnewe tosspid frshapHeal O%Eklfobeé‘?gwl&lﬂa&eg fhsvsAns peid seqogd Photodetector

_ hod -f ur el S el .
being cof TSR ot SEPRI AR BHEEL Bchonld ool sctiq opical
output b&h? ﬂﬁ#@rﬁd@h&é&%!aﬂﬂ Mehefeiss 6410 fiebdtadkhstgnat isrrepriesentagive of a DC bias in
establ i shing said band pass filter dither reference
said firstzingrsa¢ondsdectticahp¥B- accordi ng to clai m 51, wherein
said band pass filter dither signal and said band pass
filter dither reference signal are synthesized by said

6l 1 staRRshasREPRRoriidOIclaln P inherein QA eaitiollel i, configured to
response to a comon clock input. 53. A nethod
adjust sead emplifiergaintoghainisimspid sigesl@owepalrronsest levelt er
setting signal is
57.  An apparatus according to claim 54, wherein said amplifier comprises an erbium

doped fiber amplifier.

58.  An apparatus according to claim 54, wherein said DPSK format is a RZ-DPSK

format.

59.  An apparatus according to claim 54, wherein said demodulator comprises a Mach-

Zehnder demodulator.
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provided to align said center wavel ength with a

wavel ength of said optical signal. 54. An apparatus
wa@omvpTeeng: an optical anplifier for anplifyi NBCENS2005/047318

opti cal signal having data nodul ated thereon according

to a DPSK npdul atign format; an optical band pass

40-1 t e meclgsd %@m&ogmgdh%&m oha opligsl Pre-apphitisy | m a geseipenpr

g RS LR et R AR, L2, °0 S
sai Godplivdad &itpit d@ %alﬂmmﬁ%t Mﬁq)ﬁb@l 1t iphassSfli;

optical input signal onto first and second arnms and
pr ovuelig ths putpyoSwibilierdpeilRIK d@mpdulgtor aertfigared to split said

optice 1§ bl e Bl A B B oo g0 s anc
Si gRbvididgeh aniplFRl setfing SiknAMtrespep g 8 Rddbalk @gﬁal)icgpiesentatwe

- for controlllng a gain of said anplifier. 55.
of signabpgyserdn said dusindisaepnd @paicaliontrss, fox aomirollipgsaid g&:,m
further conprising first and second photo detectors,
said first photodetector being configured for

&1, oVi Ainfdhéd ddcbfdin@tordiifd 67 kai@ Wdikdd futhbesROREdhd Roviding first
said first optical output being inparted thereon, said

and secg@qﬂmb @ﬁt@ﬁt@tﬂesaectﬁtst pwodﬂjeqtmﬁen@mmﬁgﬁmd for wvmlmgga farst

electrl res nse to sai,d seco
cletriod] fRUIn TsSRanat Ko ts o] eB RS tgp e FRU second
photode?e‘%tdii bE ?%ﬁﬁgur%li ro{flaln%%%@cﬁﬁlrglé&ﬂlé’a‘? oﬁ{puﬁmqgs Indstd Aid
said st and sec el ectrical outputs.
second qpmahmtpm bmrgmlpartgd theretolnasamd fﬂédbamhsrgllahbemg d:presentatlve ofaDC
. controller onfiqured to adjust said anplifier gain
bias in Sla@nﬁ‘;é ﬁldaﬁeﬁo@a‘?lac e o4Puower at a constant |evel . 57.
An apparatus according to claimb54, wherein said
anplifier conprises an erbium doped fiber anplifier.
&8. AA mxbhed axicb&hm:ttmlai'rm@) twhecdimbaid rhplifitiesetting sSgiatlis provided

DPSK for 59. An appar at us
to contralsaist emg? @) fa.rwsf&m w@@ﬁpewoataé&% Q%eﬁ-
conprises a Mach- Zehnder denodul ator.60. A nethod of

controlling the gain of a optical pre-anplifer in a
6xcei Xeappaatus comprising:

an optical amplifier for amplifying an optical input signal;

a demodulator coupled to said amplifier for demodulating data from said optical
input signal;

an FEC decoder circuit configured to decode said data and to provide a fault
indicator upon occurrence of a fault in decoding said data; and

a controller configured for disabling said amplifier when a power level of said
optical input signal is below a predetermined threshold and said fault indicator is provided by

said FEC decoder.

64.  An apparatus according to claim 63, wherein said amplifier comprises an erbium

doped fiber amplifier.
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receiving a DPSK formatted optical signal, said nmethod
conprising: coupling an output of said anplifier to an

wopitcoadozband pass filter; coupling the outputPOf/USENNH047318
filter to a DPSK denodul ator configured to split said
optical signal onto first and second arns and provi de
first and second optical outputs; and providing an

6§ Irrg lnlé.]fl |a1§é%$t§% tgﬁl:.ﬁr(])g 1?1!% gong,lfurrlé 5% ng?e?%g \Sﬁglgtf‘ng? glfgfcgg)? i‘”i'sﬂépresentative
ofmnmﬂ%?%aiggg?ﬁggghical outputs for controlling said gain.

according to claime60, said nethod
further conprising providing first and second photo

detectors, said first photaodetect.or hejng .configur )
69.0r PR SVPURNG ascordlipgfo Hen 8?. ‘@%ﬂrelaﬁf“gﬁe“?’ﬁ“faé"sf ﬁgﬁ?glg?soa Mach
Zehnder g&ﬁ(gdlﬁdét&ﬁt optical output being inparted thereon, said
Se p

con ot odet ector bei ng configured for providing a
second el ectrical output in response to said second

optical output being inparted thereon, said f.eedhack

621 gnéi pBiAS repFUOR R Sy £ ot hetcpert) cqtpfler S RHIRE fapfigured

and. Seco Ishi [ VERali0ste dt6tiHéd hreshold.
for enabif g RSF i b HouRUIRUR Borcils By BRI te BRI Hlsho
provided to control said anplifier gain to maintain
sai d signal power at a .constant | evel.

. 63. An Hed ¢ tical
6&ppaAgpgt§o@ eRPIOteSting gg@ﬁstwp§1elgp 115%}@}1} %gnq:l gpplied to an optica

.. amplifying.an | Ny j : denodul at or
amPhﬁerccgpL?BIo@éc{i%l@g} %eéollk%?lg?llhg% Oéifd ggrrggﬁa ating data from
sai gloﬁmﬂi,g&aépb\naubvaiogeﬁainlﬁmsigm; decoder circuit
configured to decode sai d data a(gcfﬂrto Cf?rg%iiedg a féfgﬁllt d
i ndinoaiteringp Ewltcendition st an BECeredar for deeadipg dpiagnadiyigied on
. .data; and.a controller configured for disabling said
SaldoPu%qjﬁ’rgnf‘]l?@?dv\hen a power |evel of said optical input
si gpRhblins el Gical /AR evliEhREd poeeiivel id balusy 5 predetermined
fault indicator is provided by sajd FEC decoder. 64.
thresholdsmdapjbfaatt eondition of paid FEE decedamivmdicgisdr ei n sai d
anplifier conprises an erbium doped fi ber
anplifier.65. An apparatus according to claim 63,
wherein said fault indicator is representative

69. A method according to claim 68, wherein said amplifier comprises an erbium

doped fiber amplifier.

70. A method according to claim 68, wherein said fault condition is an out-of-frame
(OOF) fault condition.

71. A method according to claim 68, said method further comprising enabling said

amplifier when said power level increases above said predetermined threshold.
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of an out-of-franme (OOF) fault. 66. An apparatus
according to claim®63, wherein said denodul at or

W@ opH7ees a Mach- Zehnder denodul ator. 67. AnPCT/US2005/047318
apparatus according to claim®63, wherein said
controller is further configured for enabling said
7anpl iAn sppavdtencaaprisigower | evel i ncreases above said

predet erm ned threshold., 68. A nethod, of protectin

ag aP@WOH]PQ _ ife&éegnqqalllaéwg iaﬂﬁmlﬁﬁl_@méﬁlga VS fatp ‘a‘ﬁflulated
thereon Q&E#}cﬁﬁg o BPS kI 6 dhti oAt S aShSRBhiof BGRE ¥Gfigupdd  split said

nmet hod® conprising: nonitorihg a power |evel of said
optical ihypsignal @na lfirstrmais¢cont agnaaridyprbride finstiahd seconfl opticdtBGputs;

decoder for decoding data nodul ated on said optic

si gndfTst addeernsmiot detedtpr. Wit ﬁ@gph%ﬁ%ﬂt?q?fgrellg&%ﬁlgaﬁeé for

e qs | 2) .

provis AN R ST il RIS M dron
said sec@fl phdtatRtdeast batipasodfipget forglravidingd, sevdrel deatrisd iodtput in response

_anplifier conprises an erbium doped fiber anplifier.
to said sgepnd AptiealwEpul dewednpartieddheleaim 68, wherein said faul t

o R T SRR e i
clock and QRN reSdviegy Eifal belgp conifidu@dnd pidvide athwitpu abstespavive of said data;

| evel increases above said predeterm ned threshol d. 72.
and An apparatus conprising: a denodul ator for

denpdyl at. | n _opt.ical i [ ' .
oSt R SOk e st AR TR Bl and seid clock

and datd 1RESREy cis¥id s4l6 eRAtcal @layngicat beigfdodfis@ed t@p@Ridetan electrical
said opti cal | nput signal onto first and second arns

delay ofzaid fpstoaleatdcdliontut sfativede eaid seqoni electrisat putpat. i r st
and second photo detectors, said first photodetector
bei ng configured for providing a first electrical
It PUA phFhd E6PRERnbRingFbcth diffefdntialddl Sobet@udiist Bl Rgond
?ynparted t hereon, sai gésecond phot ode?gl{):tor_ bei ng i )
electricat onfputuofedsdotatedfint il segoral photestetectdren & teseivenior pupplial signal
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comprising:

tuning a value of an electrical delay line to compensate for said differential delay;
and

coupling said electrical delay line to one of said first and second outputs.

74. A method according to claim 73, wherein said tuning said value of said electrical
delay line is performed before said coupling said electrical delay line to said one of said first and

second outputs.
75. A method according to claim 73, wherein said tuning said value of said electrical

delay line is performed after said coupling said electrical delay line to said one of said first and

second outputs.
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a clock and data recovery circuit coupled to first and
second el ectrical outputs, said clock and data
WO e@oM21090 ci rcuit being configured to provi de BOT/O81008047318
representative of said data; and a el ectrical delay
circuit coupled between said first electrical output
and said clock and data recovery circuit, said
el ectrical delay circuit being configured to provide
an electrical delay of said first electrical output
relative to said second electrical output. 73. A
nmet hod of conpensating for a differential delay
Bet wedn apparstus aomipsisiognd el ectrical outputs of
assocjated, first, and second photodetectors in a
recéﬂ%ﬁ?P? BEOWPLgBE; cal signal having data nodul at ed
t her [ '
ot Hd b tol Gk bl (RS B WPl 88 pfbdulated
thereon dedoadang itone RZeDeSKpaodditinf formatasaid déthddulatot beihg denfipured to split
upling sa d electrlcal delay line to one of said
said optical iputignal og bndsgeand apms apd providsdiingtansk grongd ergical outputs,

claim73, mhereln said tuning said val ue of said
electrical delay line is perfornmed before said

cou pI firsgasdhsedord pladto idettotbehAd fikdt pRotodetsatbbeing c@iifigured for
said first and second outputs. 75. A nethod accordin

providing firsheleetyigal outrttdq Fesaense ta said Aest ontien! puipykbeing gmparted thereon,

said secgﬁfglﬁdt#&é%ctgr% %3{%&% [F'?mllea fgre o%dfﬁtgua %fc&% ?1%&519%1%%:@% 'tlnn %sponse
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to said s%ﬁtﬂl(ﬁ(ﬁﬁﬂﬂlcbmplﬁtﬂiéhfg 1?rﬁ)artéﬁ1th@w@ﬁf atus conprising: a data
path conprisin denodul ator for denodul ati ng an

opt |a:<arcuiltr¢|supleg itepead firsd onchepcand eleefvigal] aatps, tshigrcdisnit being
du ation for

configniTR B AR By Ui Y i bt bRl of Gl gatamresponse to 2

clock inbiX¥épreSér@anale oI odkl dssdciARPwRE SAAWaRE Ald and provi de
irst and second optical outputs, and first and second

photacloek path epuplingai pprifion efia igred od szid clatarpatetorgid circuit as said

clock lnponf i gured for

77.  An apparatus according to claim 76, wherein said clock path is coupled between

an input to said demodulator and said clock input.

78.  An apparatus according to claim 76, wherein clock path is coupled to said data
path for receiving a portion of said first electrical output and a portion of said second electrical

output.

79.  An apparatus according to claim 76, wherein first photodetector is configured for
providing a third electrical output in response to said first optical output being imparted thereon,

and said second photodetector is configured for providing a fourth electrical output in response to
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providing a first electrical output in response to
said first optical output being inparted thereon, said
W@ ewondiophot odet ect or bei ng configured for proRCTHURPOR047318
second el ectrical output in response to said second
optical output being inparted thereon; a circuit
said Sece’éafb ppticgl pepybbheing wmrteé Hheerens ardiwhensint saicdelbclopath i eoupled to said

d I I
cun oA P PR BB el BBl 0
response to a clock input representative of a clock

associated with said data; and a clock path coupling a
$or t i Hn apparatus pegeading to elaine 76.avkergatshidtabockaiath cnmpnﬂes an

aid cl ck 1 nput ratu accor
elecricft i ot ff dpofitg an ddise GBI BE TS 53 B! Bk ek
an input to said denodul ator and said clock input. 78.
An apparatus according to claim 76, wherein clock path
85 cotiplapparatys gedoddidataclpim A6 f\dlerclmsmld\ulcmg mtlpoomhprises a band
fltof said first electrical output and a portion of said
pass &lacond el ectri cal output. 79. An apparatus according
to claim76, wherein first photodetector is configured
for providing a third electrical output in response to
i d Anhmppareips poairdiog topeltinb 26, vghereip aaitletbdkpatteamprasesia limiting
sai d second photodetector is configured for providing
amplifiel. ¢ o th el ectrical output in response tosaid second
opti cal output being inparted thereon, and wherein
said clock path is coupled to said data path for
8% cei Wnappsmitwh dchordihgeto dlaim 765 Whedercdaid ciaduitasehpisss a D-flip-flop.
80. An apparatus according to claim76, wherein said
clock path conprises an electrical delay circuit for

g41pa r‘f\ n[I%ll@c{‘%n a%’\%rrﬁg li8taq8 Iaﬁ%}g%&l §e§:'egfep ﬁa{\ﬁfﬁg’ % (d)Qtfa pﬁﬁl' 1ﬁclud1ng a

si'gna tus acco
demoduWn@Tfer derﬁédtdatﬂig@&i‘omﬁhlhnplﬁmtgﬂalsl@a/n@g Mldat@ aswlufatdd thereon

according t@@ﬁ{n%%? K oo agglg ocrgg}lap %]pe; q?q%cﬁﬁp{‘?m@@o%&lupe@g Isght said
optical 1ﬁgﬁasﬁ%a}%g§nt§9%_ a?]d@g?c{ng F?%Jng%[ﬁﬁ é% d\[éﬁ% S?‘g;é%v Itlcap,ll“(')uttputs and
first and%t:@hd phodd) d@tﬂétbﬁa{he fegighvidefeart Being cdﬁgﬁn&ﬁfdﬁ prov1d1ng a first
electrlce{l gﬁtlplljlg {nnr%sp%nse to said first optical output being imparted thereon, the second
photodetector being configured for providing a second electrical output in response to said
second optical output being imparted thereon, said method comprising:

providing a circuit coupled to the first and second electrical outputs, said circuit
being configured to provide an electrical output data stream representative of said data in

response to a clock input representative of a clock associated with said data; and

coupling a portion of a signal on said data path to said circuit as said clock input.

85. A method according to claim 84, wherein said coupling comprises coupling a

portion of an input to said demodulator to said circuit as said clock input.
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denodul ator for denodul ating an optical input signa
havi ng said data nodul ated thereon according to a
WRZs0BRSK20modul ation format, the denodul at or beP@mUS2005/047318
configured to split said optical input signal onto
I rst,and second arns and‘Provide first and second )
%épt i c%|m%h?<§%ﬁ09¥d%@ H31ps§4, yrheredn said goyBE somprises eupling a
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porion b st L DIRARARNREhPS pRlA 2 skiloieckoy B 4 il as saia
clock inppt i cal out put being inparted thereon, the second
phot odet ect or being configured for providing a second
el ectrical output in response to said second optica
t pu j ' . L.d hod. gonpri sin
O i A aadPadcBRES BB Oty Ry 39610 B8Rt R Higured for
providing| eethird iebstricalibyptiisin réspofisettb fsgidifirstupitionl suemiftbeitgahphed thereon,
ovide an_ el ectrical output data stream
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and saidrseppnelphietodetspior ds capdigureddprpronidingp et elestricat buipkt in response to

. j . Y cl ock, associ ated w.th said .
sid seclfiPichPAERIRE it L R B0 TRERG I Bnblie s ifses coupling
at least Ppdrtioh Of seddl chifd drtlublirtislesivicsl sRRKtd ARMEircuds sAidBRdRAfput.

according to claim84, wherein said coupling conprises

coupling a portion of an input to said demodulator to

idgircuit as said ¢l.o i nput ..86 nmet hod. . . .
88 cortirietid e &5t PR Sheby T donprisinermesing an
adjustableOdidhyt dGaR] @l on of said first electrical output and
a portion of said second electrical to said circuit as
said clock input. 87. A nethod according to claim 84,

erei,n said first phagtodetector. is .configured for_ .
8 ov s o maiad pror g PLObR Sl isrip srciearens SgRdass 2> flie-tlop.
said first optical output being inparted thereon, and
sai d second photodetector is configured for providing
a fourth electrical output in response to said second
opti cal output being inparted thereon, and wherein
said coupling conprises coupling at |east a portion of
said third and fourth electrical outputs to said
circuit as said clock input. 88. A nmethod according to
claim 84, said nmethod further conprising inparting an
adj ustabl e delay to said signal. 89. A nethod
according to claim84, wherein said circuit conprises
a Dflip-flop.
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