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the entire period and return to zero between
adﬁ‘ﬂmen@nlmmrspdemem baproblematidNRZ f or mat t he opti cal

pul ses ﬂ]&gﬁioﬁs S LBed waveform are influenced by design of the transmission

line, as well as the shape of the transmitted pulses. Known long-haul systems have been

implemented using On-Off-Keying (OOK), wherein the transmitted pulse is turned on
and off 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 imparted to the transmitted

pulses.
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Stable and accurate setting of the Mach-Zehnder bias points is necessary to

achieve a RZ-DPSK modulated signal that results in optimal system BER. In a RZ-
DPSK signal, the modulator imparting the RZ modulation may be biased at the peak of
the modulator transfer function, and the modulator imparting the NRZ DPSK modulation
may be biased at the null of the transfer function. However, factors including
temperature and aging can cause the modulator transfer function to vary, thereby
modifying the bias point necessary to achieve optimum performance. Bias control loops

have been developed in an attempt to ensure accurate modulator biasing. Known bias
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consistent with the present invention;

- FIG. 2 is a simplified block diagram of one exemplary embodiment of a system
25  consistent with the present invention;
FIG. 3 is a simplified block diagram of a system consistent with the present
invention including an exemplary controller consistent with the present invention;
FIG.4isa tifning diagram showing exemplary waveforms associated with an
exemplary transmitter consistent with the invention;
30 FIG. 5 shows plots of Q penalty vs. RZ error signal established by a controller

consistent with the invention;
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In the illustrated exemplary embodiment, each of a plurality of transmitters TX1,
TX2 ... TXN receives a datd signal on an associated input port 108-1, 108-2 ... 108-N,
and transmits the data signal on associated wavelength A1, A2 . . . Ax. One or more of the
25  transmitters TX1, TX2 ... TXN may be configured to modulate data on the associated
wavelength with a RZ-DPSK modulation format while providing bias and/or alignment
control in a manner consistent with the present invention. The transmitters, of course,
are shown in highly simplified form for ease of explanation. Those skilled in the art will
recognize that each transmitter may include electrical and optical components configured
30  for transmitting the data signal at its associated wavelength with a desired amplitude and

modulation.
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The output of the divider 218 may be provided to a known electrical phase
shifter/delay circuit 220. The phase shifter 220 may be configured to impart a timing
delay to the output of the divider 218 for purposes of adjusting the alignment of the RZ
modulation to the NRZ (DPSK) data modulation. Optimal performance is achieved
when the peak amplitude point of the RZ modulation is aligned with the center of the

data bits modulated on the signal by the NRZ (DPSK) modulator 206. The timing delay
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by a Phase bias 222 ut to the phase shifter 220
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the optical signal. The output 244 of the NRZ modulator 206 is provided as the
modulator 202 output and is a RZ-DPSK formatted optical signal. The modulation
amplitude and the phase transition crossing point associated with the NRZ modulator
may be adjusted using amplitude and crossing inputs to the RF driver 232.

Those of ordinary skill in the art will recognize that stable and accurate setting
of the Mach-Zehnder modulator DC bias points and of the alignment of the RZ
modulation to the data modulation are necessary to achieve a RZ-DPSK modulated

signal that results in optimal system BER. In the illustrated exemplary embodiment, the
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m)qlluJ[ ation anplitude and the phase transition crossing
p0|R ‘associ ated with the NRZ nodul ator may be

adj ustiederesdl e empbilérbe o@fiﬂts%@@ﬁbﬁ&eﬂ Bﬁ uie%oﬁt%lreh@sﬁﬁ
driver 232 Those of ordinary in the art wl

rEROG?A 12 Ehangst Ofébea@e@gaaww%meé@aéte@éthghtr@ ﬂl?foufHﬂIeOf the NRZ
WS&IM%&H‘&Q&&E&%&: J% | G HiRQL h% 3’?1@ cSiird F 34 amrPllﬁes,
ata no 10

alrgnment of the RZ nodulation tot
alow passcldtosseany seroplacthe eweenagmramw aphdioteteaar mgengla

BB ol T B s SRR O B el i Rgerrr

a\bdh@l“rai&&tenmig th&eneRy Hﬂfﬂﬂh@idd&@ctb&uh’éﬁ afladch ofd lélﬁtﬁér' on
are establlshed and controlled by a bias and phase

RAUPRSISS e Fhepropence ol epcsmt f}tama@culzsduﬂﬁr Beaugrey indicatss thtdls
OddbdRiHied sy \Ioﬁag%% ﬁ(ﬁ}%ﬁﬁuﬁahﬁhg&roﬁ’ 'vgigesoafre idg t%{ﬂbhs%nev% o

nodul at or 204 Bias output 238 to esta
Desasiadesl bigs spuﬁegsr\lmtmwublas $ttinEd Gay heachievith b mirBinézing the

0 he Phase Bias input 222 of the phase
#E# tted%él%r es'tléasbl ish timng alignnent between the RZ

204 aria theREisRe6d exuthplay emfbodiment, the average power in the light scattered
by the NRZ modulator 206 is derived from the output of the photodetector 242, which is
positioned in close proximity to the modulator Y-branch for detection of at least a
portion of the light scattered at the output of the NRZ modulator. In one embodiment,
the photodetector 242 may be integrated into the dual-stage modulator package It has
been recognized that use of a photodetector which monitors the light transmitted by the

modulator, as opposed to the scattered light, can cause the RZ bias control loop to fail at



As is known, optical power fromthe two arns of a
Mach- Zehnder nodul ator is coupled to the output of the

woe@aloedseT Y- branch as the nodul at or out put. QptT/U82005/045215
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power fromthe two arns is also scattered/radi ated at
or near. the Y-ugaaanch coupl er and does not appear at

t heSPRBEE Rt Beduiniiop depthsaUsingsscatbrapcelight phterdetesteicR42 reduces or
| i é]ﬁ‘ﬁmaté”sriﬁls plrélﬂdiﬁ & I&ﬁdhetqffer@ﬁtﬁhréﬁ 19%%: R4y Qlfte{cﬁto the detector.
nodul at or, by a nodul at or a
opti calF I@oﬁ\éhsimtmntehgnplm canbodineht Gf arhm;*.mhdtphase (thaduldton

h d Y-
o e S (Rl E A BlnsRlen R 106 ARePRE 0B 8l ot R e
esmahilat&im)d Hlyoﬁei’@oﬁ Cthé t@ltoBér Zggfr%dtdbhﬁl%? tﬁﬁﬂ 53] glaF @eﬁﬁrtlgsaIt’hase
SCa ere |
f PR B N e
m’s‘ﬂéﬂaﬁ%ﬁse@bﬁ&r & bithg SNRZ_ hﬁth&ofétsﬁéeju%%; S8 s % g'hg Phase

|l ow pass filters and sanp es the current genera

a iabYeiing is edded toihp Phasedithgr spgmt ol msdededan dherphxssshlfter as the
t

5% FATBLAS 2602RL5I0u0 A0 RARE L E00ie S0 Rl e

p h‘o@dblwrélﬂﬁm the NRZembddatoicsh Tife RABiasl Béttigg is added to the RZ

f Th of, ene a_particul ar

i 7R g by Pl B BaRE s oo Beihecasti 2 of the
vV aoh@@Rr i sBtfthg HRRZAMBAulatBDiRPoll, ABHLASR 2 BE:s @%ﬁgg §Qdded to
establish new associated bias settings. Optinmum

sdhg NRgDithgysigral andiis eraviflegps Wmumuh@&qféhmmmweme NRZ
¢ RS 208 Sor sBink e 2R HBAUAD O SHHAID 1RE YorEG dtE Adiusts the

nmodkslsettiogs, Phde BiasBetting RV Bias Settlhg andib PIRZ, Bi&s Sdifing, in response to
phot od QSl&Eoned in close

D S b PV Sk R formpP P e AVar e RAueE Bripeight soattered

atbyltRASRZ anddalatdr 206 @ith tRatithéignacat tered at the
out put ggf the NRZ nodul ator. In one enbodi nent, the

phot oddhedlusiratediexemglareoniralies 3B4a gegerahy mchubles an amplifier 300, a

d e nize

1 ik 2 40 AR Ll R R e 0.«

t rdigitghdigrad grobgsser{BSRDING in¢luding :asamkmgd&-d(gltblocohfiﬁter (ADC) 308,
RZ bi as .contro

L A TN W R

s Gedtterzd @Hotod@Edtor A0 iy Be tQpledrto At AnipEEHCID. anrlety of amphﬁer
eli nates this probl em since a nuch different

s Hapevradionsyyg #{I%ﬂ toghqss of erdinawtskill in theart. 3n ong mlpqdanm the
?'&m%ﬁﬁé'f@lO@ Yoy @R ROCHIRA s QlogdrifihAStaR qu&ﬁﬁge amplifier. A

dul ati on
logarithmic trans-impedance amplifier allows the ADC and associated circuitry to

operate correctly over a wide dynamic range of monitored photocurrents.

The output of the amplifier 300 may be provided to the low pass filter (LPF) 302
and amplifier 304 configured to output an analog signal Pac containing dither signals
recovered by the photodetector 242, plus their harmonics and noise. In an embodiment
wherein the amplifier 300 is configured as a linear amplifier, the output of the amplifier

300 may be provided to a second low pass filter 314 and amplifier 316 configured to



alignment) controller 234a consistent wth the
i nvention coupled to a dual stage nodul ator 202. In

wop@casisen, the controll er 234a establishes i nPCT/ab52005/045215
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bi as settings, Phase Bias Setting, RZ Bias Setting,

and NRZ Bias Setting, and appli es | ow frquin%%/ di t her
s PEvideqn pralegsignal Ree: reptssemipliveal thelptrogntenh gt t onitored

r ! e laRkSred ) e ATSS 80BlaA$ sanffidd Bydhe DSP
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b Bt ser o e REE bl RUE U5 BOATRG By o
Sabinhdtige the eadtheduds o édsercfiat Bietehrer vaduey ikeaasohlp when tied
to the Rﬁ noduyl at or ZO%Fas the RZ Bias output 236 of
t 4ESOEIRIRE PBF FLNg Ppvesdr the pgon eﬁZ’nm)dul ator bias
poi nt, TROEgtined idBlaPS saffibd Bathé DspdgedTd @irﬂﬂﬁ%r M%ssmg, the

Di t her " si gnal and is provided as a NRZ out put
t lsemplingtmayl beepndustedisznokirpowshtitiathe rgemlm@f ﬂ?éhlleﬁ ﬁrgher signals

SRR o 2R o 15T L1 i

S&hcthl afthe thred genehiRl BihastofestRhased)ithien RZeRitloan SR Y. dither. The result

assocj at.ed error val ues deri.ved fro aring .t he. .
TR SEBRGT TEH RO TRV HEPERER BympE RRged Wit cach bias
”@&Hh?te @ mPERe ¥f BHAsd DRhed wWhith @lie éﬁin?ré’élbﬁ)duééb @n blrbruglueat ed
exenplary control | er 234a t%enera 'y includes, an

angnreseRting eswpin the Phase Bins Seifipg.maixing OPRY Dgthzr Wil the samples

ag;g&duéés &ﬁtg P Ya Si g#‘%%“féggo%;ebgélg‘?{& ?%égP?g 306 ] %&f‘]ﬂ&‘fl r%q{

armthegprbmoda; gi ¢radr veloe veprdsenting ADE)in BENRZA Biks &ettlng

cur'r et gtk S SBP AT ok BY el o SRR i

”Q)Yoﬂéﬁloﬁ@ltﬁﬂ{egﬁl-Hﬂ'fel‘eﬁhﬁal&ﬁﬁﬂrdlfet @D Ohch ATIY adaly @ﬁlyulatf: new values
I'i fier configurations are known to those of

orfer anasspeigfed|one phthe Riss satfings) Rhe;PD contielisramay be inpplemented in
a 0: t
t :{igénlgég» %%%3%&‘%%%? W\L&@&f{%@ﬁagﬁﬁ BQALE B 5SP 306 may
t rpaovade thpeeracangrobsegtirigivialyes wh a@;egc tnmfaﬁeDEl &tndhe DAC 310, e.g. an

a iated,circuit t o, .operate Qr r.ec ide
R i s o BRI R SRR E e e plrsbniss
ofSetting, Iazmlds Seging 300 thesmlﬁg/prd\aded 18 thé E)Alcow OpAgsbe added
filter LPF% 302 and a fier 304 configured to

oUiP Hhatr agRciated HEber iegals h@%@l‘é@h@% Witheg, Nik4 AitherSegprefively, e.g.
r %9%&&'%@@0%’22 84 8&9@0991@3 &4ho hagél@las ;%Urf"@f thdilae shifter, the bias

haf moni ¢cs and "'noi se. | n an enbodi nen
port of the RZ modulator, and the bias port of the NRZ modulator, respectively.

FIG. 4 is a timing diagram showing exemplary Poc, RZ Dither, NRZ Dither,
Phase Dither and sampling instants associated with an exemplary bias and phase
controller consistent with the present invention. In a controller consistent with the
present invention, the dither signals may be low frequency signals. 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. The term “low speed”, as used herein,



wherein the amplifier 300 is configured as a |inear
anplifier, the output of the anplifier 300 nay be

w@ewsiogss7 t o a second | ow pass filter 314 and popUsiN®045215

316 configured toprovide an anal og signal PDC
esent@tJvE of the DC content of the noni t or ed
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s s T e orpesredty Hshifhabenyy [hepiah gihe prder of the dat
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Settln%Pemxm RZ Dither. with the sanples produces

an®TEY Vpes Ag5aGE eldé‘ﬂFhe@% REibing, NRE bias; and Phese RiasBlespsctively.

Settin

vl ue oo 0 il BhePenllet 1A Bhe R HES TodtPheSt B contol

of 100D$ee®§ ditleed signalanayhaveiedifferyt foeuemyp leth etmbodlment 1nclud1ng a
i at ed i onal - |nte ral - ent

cont I oﬁ ﬁ%mllaaﬁ?# ﬁu?n%{a@ﬁ?%lo@h% CEEE N tbS h‘@% \}%{

f ohthalnfrelpsnwln&tyeﬁ aBdSl& 30dHzt i thi Psass @ittlet ﬂgﬁlggcéhﬁaﬂefabout 2

controllers nplemsnted in the DS

o‘a%%ma fhpse ﬂ%\gﬁwa Sringheu s eaoBBe thect Wity Ofieehiepmpling
3 t gl i
D%%d Irélﬁ%{eé* %eglgég@%i 1 ?b@ ?ﬁ#gﬁ%&/& CFIQ 1651& ‘irftér?egen\é@ g%%%n 8 dfher
whiraghensicachopvssert the ditker fisiquancisemay b@@tabmﬁed sk thé asdither

MR T T

t HBrhabe, @SyROMNeRt, @fithd idithe fsighalg mlalaifactcﬂh)we DI t hg(r]I RZ

Di t her dit her, respectively, adders 320,

322, sh%&%@m@b@#& @H%Olbhﬁ@@hbﬁe 2% ﬂﬁéﬂberéfgnﬁh anay be

PraemiRh Withiets ét'@@th@'d iR Qbnal A

t Wbl as Fl)ort p(e) %Z gu gl% or?hef%ggglg#l Vé/%%’co red, e.g.
through software, hardware or a combination of software and hardware, to allow for

deterministic low frequency phase differences between the dither signals and the
digitized Pac signal. The optimal phase value for.each dither signal may be determined
by purposefully misadjusting the bias signals and measuring the error values as a
function of the phase value. The phase value may be set for each loop at a value that

minimizes the error value.
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FIG 4 is a timng diagram show ng exenplary PAC, RZ
Dither, NRZ Dither, Phase Dither and sanpling instants

wasweoswsed Wi th an exenpl ary bias and phase cpeor/Ustolo®045215
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consistent wwth the present invention. In a control | er
consistent, wth the present jnvention, the dit
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us¥elpes arespipinneRd, 66 aaresinesely keFBO) for each iteration
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separat el y,
PHhe errddi Stmalrvahﬁﬁtosacgnm qatﬁrmnobtasaiemrge phroat embodiment, for
val ues §300|ated

prRa s RE S0 SARL iy B AR o TGP af Bl setings o

beicitieeda irtm A cBiofSA nbRBiBis@tingunely b afalaBidasd ¢omeh &) the DAC
| gops, each dlther signal may have a different

f rig éﬁ?@?ﬂ?ﬁ to ggeh %eam‘éir%r@avﬂ%ﬂhemgndaf Y the @ror pplize may establish a
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k Hcremend. Smellqprizosemantal hbangesrle mweawlﬁy lltweaawddllﬂs résolution and
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f reegreaiod. eTherwmhxm biaomiagBelachit@edwBindthé SRy dhes dg%riﬁ? the associated
bet ween the.difher freg]menm es, however, the t her

f PYGARTRA VS spglierd wiep dhy hiayie shanarchinone dirstien enskthen back to the
f ropEARCA id &chRVed WhEARE blgyfstch%fgd fﬁfth@épf)oﬁ{er}ﬁ{ect%l{ $38%hen back

frequency, and the period
to the optimum. When the optimum bias is achleved the average power no longer
contains a spectral component at the fundamental of the associated dither frequency. The
average power may still contain spectral components at harmonics of the dither
frequency. l
FIG. 8 is a block flow diagram of one example of a bias and alignment control
process 800 performed by a controller consistent with the present invention. The block

flow diagram is illustrated with a particular sequences of steps. It can be appreciated,
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respect to the digitized PAC signal The controller
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| ﬁ t4 fiere sheerpoir yalug Of b adjpsiedbisssjgngls arq ‘M@lmﬁazreeiﬁtﬁmmed
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e@l!gd ¥a§l é’@ & ‘?ﬁeg 8%)5/%? %\%ﬂ@( o tP?D&% SrOtg ﬁ.lé& Bﬂvg Sn{eag‘ ecPlrzt(l)nrue
s Oyrbasklls@' aﬂ lms costiral alairs meag bb yett8he amrbﬂldiw olay esturn As the ltitialization
for g CSR of 7.5 dB the Q penalty associated with the
38R P% or bias settings is bel ow about 0.02 dB when

the ertRire fitBRIrSvidadll dUBShGY Sid AppirdthZ@F biaSarfdl alignment control in a
E proxi mtely zero. Those of ordinary skill in the art

Dpge @gmﬁrrzl@erﬁhmm@s sahipgasirale, apd tfiviont bigs andelignment
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In~one e exa e error signa
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T RN S SR
r ﬁﬁp%ﬁﬁetawmmhﬁdeg REAn®Jula@dr fyreinperting (R piiedic (ntenity

the error value may_establish a
modulation in response to a RZ bias signal, and a Mach-Zehnder NRZ modulator for

imparting the DPSK data modulation in response to a NRZ bias signal. A phase shifter
may be provided for selectively aligning the periodic intensity modulation and the data
modulation in response to a phase bias signal. A low speed photodetector may be
configured to detect scattered light at the output of the modulator. The low speed photo-
detector may have a bandwidth of at least one order of magnitude less than a data rate of

the data and be configured to provide an output representative of power scattered by the
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direction of change in the associated bias signal. The
bi as may be changed in any increnment. Snaller

WO p@6o6m8t al changes in the bias | ead to i ncr eBEEUSINRB45215
resol uti on and accuracy. In one enbodi nent, the bias

n2$82e chgigegiby a constant nultiple of the error
mogilato & GRHelsT By peoyids @t lsash prseftheR 2 bias signalatlie NRZ
) of ﬁh@ pRESQRIsAIRA, AYEHAAE PRYBLpL oA IR Btk
e bias is changed in one dlrect on an
ba@@“ﬁ@ﬂﬂﬁ@ optimum as is achi eved when the blas is
change Lrection.and. th n _ba
opti nu %hb&wgﬁﬁgﬁ g{g g%{t B?veq) 1 degeriogd g%rﬁm RIERPIIG g%lgﬁlsgyfg which
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R s SePieg S PR Wik st preent 4 eyl Ge g may

h a:l’el hdde G)ﬁth@ﬁt P@mﬂg hﬁ%ﬁaﬁ}f B ﬁfé%ﬁlrlt Eﬂﬁcoﬁb éisth@mb«lzrﬁi%h
fl ow di agram of one exanple of a bias and alignnent
control process 800 performed by a controller
consistent with the present invention. The bl ock flow
diagramis illustrated with a particul ar sequences of
steps. It can be appreciated, however, that the
sequence of steps nerely provides an exanpl e of how
the general functionality described herein can be
i npl enented. Further, each sequence of steps does not
have to be executed in the order presented unless
ot herwi se indicated. Li the exenplary enbodi nent
illustrated in FIG 8, the process starts 802 with
initializing 804 each bias control |oop. The
initialization may include setting the RZ Bias
Setting, NRZ Bias Setting and Phase Bias Setting
values to levels |located at the mddle of the bias
ranges, and activating the RZ Dither, NRZ Dither, and
Phase Dither signals. The RZ Bias Setting, NRZ Bias
Setting and Phase Bias Setting may be witten to the
DAC 806. A delay 808 nmay be provided to allow the bias
settings to settle into the DAC analog circuitry and
appear at the DAC output for addition to the dither
signals. Once the initial bias signals and dither
signal s are added and provi ded at the associated ports
of the RZ nodul ator, NRZ nodul at or and phase shifter,
N sanpl es of the PAC signal may be taken 810 by the
DSP. The sanples may be mixed with the dither signals
to establish the error values 812, and bias
adj ustments may be cal cul at ed
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814 fromthe error values. If the adjusted bias
signals are within a predeterm ned expected range 816,
W0 b@g/o6asy7 be witten to the DACS 806 and fl ow PEI/US2005/045215
continue. Otherwi se, a bias control alarm may be set
818 and flow may return to the initialization step
What B@taim$hére is thus provided a nmethod and apparatus for
bjas and alignment control in a -DPSK transmitter .
t hat &B&P%gwénﬁ%ra@?m&%& ﬁ%%t}%gian%lf §31¢ PRIRFATHT emptiing:
al i gn ¢ SR [ t .
ppar oy iodFRRl e mod g@Pa A BB BhucaP AR B mddlfion formas
havingwperiogicintehsity modulation agd 8 differaiiabphaep shiGiddey g PISK) data
w.th a nodul ation format _having a periodic intensity
modulgtion, saifl peluaier ‘&WF@%M@%@SE‘F‘E{ nodatopfimpaiing said

. i . - r i I ti
pecdShel) MRS EREE 2 IR S S PR
modulbtoa forsingaaing said DRSHVaafa-rdafuldidn ilNREpomedub alNRZ bk signal;

inparting the DPSK data npdul ation in response to a
NRZ 15 RhgSesshifien for selemiively aligningspidipgtiogis infiensityanadylaiion and said

31 Welgl ri,0dic intensity nodul ation
datan%_ﬁglgﬁg%ﬂl g?@%r%%@%%ﬁ%ﬁ%@éponse to a phase bias
si gnal lowApkalplspedeieplostserdab e Ghedd %Yo-@@ce&@f‘ﬁé\ghg £6adRvidth of at
detect scattered |light at the output of the nodul ator.

least oy ardenof mpeaErdp fess divatacdataratanfisaidadatn andozeimpattfigusdd taprovide an

I [ der of ni Lud ess than a rat e of
oupuF3Elen % B 6Gko O HERETALHT o Sr bt s AR D arotufacsk and
r epr esfirallér\er floviRRNESt [SERbALSREIdNZ b Mg N P bias i
A controller maglf provi de at | east1 one %?%&RZ bi as%las signal,
or saidgthgseabias sigral NRZedponse ®isgidatutpu of sdié lph sizeed iphadsiegioal |
in response to the output of the | ow speed
phot odet ector. The enbodi nents that have been
descr i DR gpdhedial SocditlinS R aiR] 1 ! | i
Ui [ R Recing R GaiR  IRr QRSB RontiN G b Lhdoh R for
providinig|saistphasd kins figbaliwtrespbnseitorsdidbipot ofMaid/loot dpeed photodetector.
enbodi nents, which will be readily apparent to those
skilled in the art, may be nmade wi t hout departing
mat er i gl Ly -1 -SPj It .qf .
_inventi onﬁp\?\}h g? y%égﬁgqng% {r(r)edé&}ngg%ﬁ 962’29%1% pc)gltrng@llfsr aia figured for
providingaagiRZ bias gigaal iapéspoate toisgidalutpus af shi@RivakFded photodetector.
conprising: a nodulator for nodul ati ng data on an
optical signal with a nodul ation format having a

riodi @&%ﬁ%ﬁcﬁ%g@gﬂﬂﬁﬂ v&l%geir? sadlh Egrﬁgﬁpetr iisaclzo 1%3%?1 for

shi ft "keyi'n
providing said RZ bias signal and said NRZ bias signal in response to said output of said low

speed photodetector.
5. An apparatus according to claim 1, wherein said controller is configured for

p¥oviding each of said RZ bias signal, said NRZ bias signal, and said phase bias signal in

response to said output of said low speed photodetector.
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nodul ati on, said nodul ator conprising a Mach-Zehnder
RZ nodul ator for inparting said periodic intensity
woe@aloetsson i n response to a RZ bias signal, apdr/as2005/045215

Mach- Zehnder NRZ nodul ator for inparting said DPSK

data nodul ation in response to a NRZ bias signal; a

pdhas e Ahiapparatus accosdihg td ¢luieh ¥, whérginisaig preaiodicigtehsitli @odulation is a

ensgg nodul at i o and sai d data nodul ation in
muﬂn?%%ﬁ@ﬂ Fgﬂaﬂﬁnag@ °Bs signal ; a | ow speed

phot o-detector, said | ow speed photo-detector having a

bandw dt h of at | east one order of magnitude | ess than

a7.dat aAnapearatiis scdogdidgtaclaing 1 behdrein@@nhpg of 6ld Mach-Zehnder NRZ
provi de an out put representative of power in |ight

modulgf@étwpgl& 4 anputpk ¢ seido¥lachsZ ehnder R doaed vator, an@mdneeem an output of
sid VESRARMIE NP RBE Y 50,00 hE 094 o8 sabBhif B o

signal, in response to said output of said | ow speed
photodetector 2. An agParatus according to claima1,
wher ei &ngnpaaa@@mmmln@ ¢laint brihegein saidfpbasqhifikrds peppled to said
hesponse, to. ai.d out put ,of . . .
Mach-ZEhiS1eP K230ty s B RureBe AR 5 pSig et oaacion with sai
data madglefishi.ng to cl ai m 1, wherei n said controller is
configured for providing said RZ bias signal in
response to said output of said | ow speed
ot odgt ect or ratps .according to.claimil,
her o1 41 Bt fiepBitnE B AR, by RGtiR sa RpsSshiter cprghises an
electricad v akidRTe @é@sc@ugtnal and said NRZ bias signal in
response to said output of said | ow speed
phot odetector. 5. An apparat us according to claiml,
ere| said control.ler iis configyred for providin
dﬁgn aRRaTpLREsaq5P n%togqll%tm Sehegeinrad spaféoléqrgmnfg igyred for
id Igdqmaaeb Bd g |
provid T S, Sl R Ao 1§ SRABRG: Shatftofl S fictsotor, and
Whereln(saldlpdiam Higs sifyenl eomprisis@ lpwriteqdencyiphhstsad Jithep Cbaicﬁlbbxﬂﬂﬁequency
h % hurnt -zero (R2) |nten3|t9’yty1 nodul ation. 7.
phase l%tﬁsp ther having a dreanensy @bleastanaonder ghmegnifidgrdessriban satﬁ data rate.
sai d Mach- Zehnder NRZ nodul ator is coupled to an
out put of said Mach-Zehnder RZ nodul ator, and wherein
dn. outAniappatatssacdotdirghtoZtdimdiy, WhB&inHad b@ﬁtﬂﬂlek §r0v1des said phase
vi ded as said output of said nodul ator. 8.
bias Sl%ﬁg@rrstmsea@@ovltﬁﬁn Bias grrer valye abtainpd by hrixisg |a<$1gmhh®presentat1ve of

sid o of Bfid pRo SIS R BB RO < i g e

m)dulatlon vvlth sald

12. An apparatus according to claim 11, wherein said controller is configured to

adjust said phase bias signal to minimize said phase bias error value.

13.  An apparatus according to claim 1, wherein said controller is configured for
providing said RZ bias signal in response to said output of said low speed photodetector, and
wherein said RZ bias signal comprises a low frequency RZ bias dither, said low frequency RZ

bias dither having a frequency at least one order of magnitude less than said data rate.

15



data nodul ation. 9. An apparatus according to claim1,
wherein said phase shifter conprises an electrical
WO 200668867 del ay circuit. 10. An apparatus accordi/ng2®045215
claim1, wherein said controller is configured for
provi di ng said phase bias signal in response to said
out put of said | ow speed phot odetector, and wherein
sai d phase bias signal conprises a |ow frequency phase
blhs dipiepparaiaperordivg fo elgive heywhsiieis saidicastrolileripspvides said RZ bias

. hay| ency at |e .ong. order of. ni tude . .
signal esesSB (tq}]Sg Fﬁg éal l%a%%orrvglué %%&ail.le % %?@@%8@8?3&?%]& of said
outputtod s&idghBtoliBiectol it akigail ebpedaBhtadld 6f saRl RY ibiasifhet. d

phase bias signal in response to a phase bias error
val ue obtained by m xing a signal representative of

sai d oyt put of said,.photgdetectaor with a sjgnal.
- Chr eseRpIrols Aoy 0. faty T shergip g ontgglict g configured to
adjust BEARABHS si2hA1 2 HifighibOshd RZBidslerrobRaLLI N said
controller is configured to adjust said phase bias
signal to mnimze said phase bias error value. 13. An
apparatus _according..to claim1, wherejn said_ .
cgfgt r of P @pPPFratuy S?FP?(B% 36"1?16‘?“11 PRRIFIRiSAl acqngrober igicgufigured for
idRdoHaf NRZ HifSHORS & fe@pciRe B O i
provi pr%aodet ectlor,gﬁd \AA%)%r el n sg\i g&%%p%flsgig lg}ylgsﬁgv?dsﬁ% %’detector, and
whereinaapt NBEdizs signal Eoreppires ayowrFrequary NRA bias dithérdsdidlow frequency
f.reguency .RZ hias dither having a_ frequency at | east
NRZ bigsliiopiivieg o Erﬁ@vﬁnem alelepst o8e priEROSmAgnItRde dess dhaw. spul dajgyrate.
apparatus according to claim 13, wherein said
controller provides said RZ bias signhal in response to
al’RZ bAaspparatos axeldisg abtlainne6] wherdth xaid@ontrslldpadvides said NRZ
X _reqr,esent ative_of said OUtaE\zet of, sai d phot odet ect or )
bias sigial pn respons 40 a NEG Riaw pirer Yalue Qitained by mixipg asigapk yepiesentative of

sid o AR B PSRN0 UM PSPl

to mnimze said RZ bias error value. 16. An apparatus
according to claim]l, wherein said a controller is
cbinf i gyp eppareips pecevding foclaiat B, Nierein said spateller imconfigured to

. . 10 sai.d out put o } d | ow speed
adjust 13RI ot PR G rIHERA ef NG Ber SRR gna
conprises a low frequency NRZ bias dither, said | ow
frequency NRZ bias dither having a frequency at | east
otfe ordeepparatuntprittansieitliesan otical sighal, it appashes. cohiprising:
An apparatus according.to, cl aim16, erein said )
cont r of 1‘185‘_%&?06%?%%&%33}% %f@ffb%%v@ﬁ Hapa !VY%ﬂ’rae%lBS‘H%téon format
havingﬁeﬁe)%e?ié)glgﬁ?%;n{ﬁ\%eﬁggﬁﬁtim @BfeANRSIbHRAYe it kBGing (BPSRTHata
modulation, said modulator comprising a Mach-Zehnder RZ modulator for imparting said

periodic intensity modulation in response to a RZ bias signal, and a Mach-Zehnder NRZ
modulator for imparting said DPSK data modulation in response to a NRZ bias signal;
a phase shifter for selectively aligning said periodic intensity modulation and said

data modulation in response to a phase bias signal,;
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sai d output of said photodetector with a signa
representative of said NRZ bias dither. 18. An

w@ppaneisss according to claim 17, wherein sai dPCT/US2005/045215
controller is configured to adjust said NRZ bias
signal to mnimze said NRZ bias error value.. 19. An
apparaltousspeed photanistector, sagl ow sppéd pladto-ge@o@k haviag @ bandwidth of at

agp%{?at S conpyri si gﬁj: a_nodul at or for npdul ati ng data ]
least o oxier ghagfudsileidiiang daie rteptahéateand beingeonfiamertogprovide an

i adi. g i BE ' idfer ial ase
s e U R A
conprd aintgller Mppfovitihg sidd RRDinDdpihAf aid NREZ bi all,8hd said phase
. .said periodic intensity nmodulation in response to a RZ
bias sighaldn &5sponse to said oniDNk e arblHRRee kR tdtedtan sd R bias signal
| i ' hONn in response to a
comr\ A% 7, RERS b AR b ol GUBRERA R Prcqency
NRZ tias djthier)@ng 8aid phase tial sigrial temptidivg ARG GdGheRy PhskeIRsMither, each of
data nodul ation in response to a phase bias Signal;a

said RZWSSCB@@H sgﬁ(}{l@z biss dithers andssgidiphasevbiag déthier having an associated
- C Vin angwi dt.n of at |east one
ﬁequeg%%t?eagfsﬁ%%ﬁl&_t c{ﬁgagn%g@e {%ﬁ% a4 S%}gtdQ{aFQtFe of said data
and beld@naendr ieiesbnFiguiRt 9 bR iR SRR 2 Blas sigtnala irr]l response to a RZ

) representative of power in |ight scattered a
bias ergaytviglie abfaines by migingro sighaltrepreseatediva of said ootpueof $ait photodetector

. rovidin ai_d Qi signal, said NRZ bias signal,
with a§1 alerPrgg%‘ﬁ%‘kvg OE%%\@ @B‘ﬁ%gﬁ # response to said output
of sapfd dooB&RRthIOAHIARHSS %ide%ﬁ%ﬁ%ﬁsgsz%r%i %Q%Lponse toa

conprising a | ow frequency bl as
NRZ higseegros ivalua obtaineg iy snimingesal dosigrial ea]nlmmemyttiWZf fiaiidaéutlput of said
[ ther, and said phase bias sjgnal conprising a | ow
Photoagieggﬁ Sk e senspssatatiye picraid MR biat Qi Rz bi as
di t hehid SatrdIdREIHY BRfEl gcg rodR <5 fha
di t her having an dssocfate Prequenc a
phase binslerorofalueedhtiinetdiey mixdag sdid sigaali rdprdsdnativa o€ said duthut of said
control.l er being configured . to provide said RZ bias
photodgfegios withp signal srpsesepigtise afsai phase biag dithett ue obt ai ned
by m xing a signal representative of said output of
sai d photodetector with a signal representative of
). d R¥n bppasatal ddeerding@i dai o1y, Fdletedt sdi@b&Godi Hftérﬁ;ﬁ&%%dulation is
to provide said NRZ bias signal in response to a
a returstorgerg (R4) infepsite magpkationd by mi xi ng sai d si gnal
representative of said output of said photodetector
wWth a signal representative of said NRZ bias dither,
@1d s aAlaaRdtiPdesrdiktelonhifOrY, Wihdfditlad BipBf OMafEME8h-Fehnder NRZ

phase bias signal in response to a
modulator is coupled to an output of said Mach-Zehnder RZ modulator, and wherein an output of

ég ssi?h%zré response to a

said Mach-Zehnder NRZ modulator is provided as said output of said modulator.
22.  Anapparatus according to claim 19, wherein said phase shifter is coupled to said

Mach-Zehnder RZ modulator for selectively aligning said periodic intensity modulation with said

data modulation.
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phase bias error val ue obtained by m xing said signa
representative of said output of said photodetector
wowaok/065887 gnal representative of said phase bi BST/US2005/045215
di ther. 20. An apparatus according to claim 19,
wherein said periodic intensity nodulation is a
r 81.ur nAn@ppanis AR ding teclairh 119 nwhktbiatshidphage shiftéitomprises an
1 tr.agpar.%ua ccording to claim 19, wherein an input o
clectrea VAIRRIE A 2E FREE NRZ nodul ator is coupled to an
out put of said Mach-Zehnder RZ nodul ator, and wherein
an output of said Mach-Zehnder NRZ nodul ator is

p24vi dad apparsias decudipto clhing 89,0viteeld saidQontraler iMBonfigured to
wherei n said phase

. .appatatuys according to claim?19,.
adjust §ﬁﬁﬂ’§1@‘r€ 135 Sgah fminipize-sid Misenbize pmerevallez nodul at or
for selectively aligning said periodic intensity
nodul ati on with said data nodul ati on.23. An appar at us
azk or dAngpparatus acovrdifg tord1aiel 9, vihéln BAIELEneHdri®Eonfigured to
. .caonprises an electrical variable delay circuit. 24. "An
adjust é%ﬁ!a‘flé%ﬂ&%%@ Hipgizesaid BZhiaserrogivaluei n sai d
controller is configured to adjust said phase bias
signal to mnimze said phase bias error value. 25. An
adfpar aAn apReans siddedih®toCdlainM 9 Whethif 58H RoR@d1fhr is conficured to
. controller is configured to adjust said RZ bias si gl%lf
adjust paid WR+ bing signalite nimingre said NRY biesemer. vab@. An appar at us
according to claim19, wherein said controller is
configured to adjust said NRZ bias signal to mnimze
. d - NR appadstu®sidoBf diNoteain? 19, wiidrdh i a&%éia?eﬁcf?éqgk&qes of said
to claim19, wherein said associ ated frequencies
RZ biag ditherrsid NRY. bins digher, avdi sdidyiR@sebias dither gy diffaresit fainteach other.
phase bias dither are different fromeach other. 28.
An apparatus according to claim27, wherein said
agsoci i [ . | 1.4 pl of .
o b BN ORA R B, kR g Tk are not
integermpeltibkes ohepctiattlzeron an optical signal with a nodul ation
format having a periodic intensity nodul ation and a
di fferential phase shift keying (DPSK) data
dul & i | Si .a Mach- Zehnder. . .
B oau R Fpe e BRkIATRE LR YA E 0pHEA signal witha
modulatiodfbatdthaving arpesipdiosetehsityan f¥ldtiodend iafiffbren@d hase shift keying
Kg/a(:h- ehnder NRZ nodul ator for inparting said DPSK
(DPSK) dptg tiop; sl medplatos spmprisiag 4 Miwh-Zibader RZ modulator for

imparting said periodic intensity modulation in response to a RZ bias signal, and a Mach-
Zehnder NRZ modulator for imparting said DPSK data modulation in response to a NRZ bias
signal, and having a phase shifter caupled thereto for selectively aligning said periodic intensity
modulation and said data modulation in response to a phase bias signal, said method comprising:
detecting power in light scattered at an output of said modulator using a low speed
photo-detector, said low speed photo-detector having a bandwidth of at least one order of
magnitude less than a data rate of said data and being configured to provide an output

representative of power at said output of said modulator; and
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signal, and having a phase shifter coupled thereto for
sel ectively aligning said periodic intensity
wore@aloetsson and sai d data nodul ati on i n responBET/US2085/045215
phase bias signal, said nmethod conprising: detecting
power in |ight scattered at an output of said
nodul Brosidingsit iepstonenf ssivkphdspbios signtd) eid R, bissasighal, @#/said NRZ
. Sheed phot o-det.ect or havi. a bandwi dth of at [ east
bias siPRAY pegppnsg 1o §muﬁwa af said vy pegd Bhofadeledten o of sai d
data and being configured to provide an out put
Lg&resentative of power at said output of said
ul atignsthedhagoudingliongaiat 29,saisitmethed esmpiidifly Ploiing said phase
bmsﬁ%% ) signal, sai,d RZ bj as Fignal or said NRZ bias
agﬁl?;\res PSP £Q frd QutpPhoksseidiiopinsed pagtodatecton ow speed
phot odet ector. 30. A nethod according to claim 29,
said method conprising providing said phase bias
s3gnal Aimethabpenstng o dainRuiidubetbdd &ﬁhﬁidiﬁgf\pt‘éggﬁ% said RZ bias

. hot odet ectoy. 31. met hod according to claim 29,
signal 5‘5?6813‘??@? %b@l{BWBP‘i iSAlYl I8Wopeed phytedsiegta®z bi as si gnal
in response to said output of said | ow speed
phot odetector. 32. A nethod according to claim 29,
s3.d ndvtniatich dcaneprdirsd 10G:144MOYY, 8416 6hetiad e oRdorRiRSy oV RINA said RZ bi
. lg%fl sq?.'g RZ hias signal in response tog%srai%s%ut p%sg% RZ bias
Signa. H1 %ﬁﬁ%ﬁg% &1 tdpense topaid guipuirofiseidhlow speedplbitodetector.
to claim?29, said nmethod conprising providing each of
said RZ bias signal, said NRZ bias signal, and said
MAtase Aineshal @0aldirgtolcRERTIYS Saill TreHRIdhoRR i i
.l ow speed phot odetector. 34. A nethod Ogg%o%ﬁr%gv@gigdemh of said
RZ biag signah, sed Piasraighd danslosapst plise biap sigualdh neppemiedo phidsmtput of said
' ' in response to said output of said | ow
IOWSpgérgg%g%%%?{g&et ector, and wherein said phase bias
signal conprises a |ow frequency phase bias dither,
said | ow frequency phase bias dither having a
¥equehaigthed dceerdingdn elaim @8y said metgdicotpeisingBotibiag said phase
easald data rate.. 35 A nethod according to claim34,
bias si gl 8t Bl Bis M 08 SBHIO aberd Pbalodsmiscangwsrein said phase
bias siglaDEsthprises b &SP BR§Een 42 i 191804 | ue o
_ o ses L fow et a9§’?%ng’?acsfdé%?g?%lﬁtlg‘tgif{/eéa%Wé’gﬁ%? bias dither
having g\freguencyfat kastcbngloda o€ neghiidededsitha Sidaah rate.,
representative of said phase bias dither. 36. A nethod
according to claim35, said nethod further conprising
3g] usty RGirsaiad ' i m nim.ze sai. :
. phase bi as e!ra1 r%@ﬁi\ﬁ}gﬁ%gaﬁgéﬁ, %ﬂfrllepf: {l?gg ‘38 u§]8g|9§°‘?%ng said phase
bias signhhinrepOnsestaiacbhast biadereanaliesibigndd BVinghiRg a SRSl Bresentative of

. las, . . .
said ou%u?of said photodetector with a signal representative of said phase bias dither.

36. A method according to claim 35, said method further comprising adjusting said

phase bias signal to minimize said phase bias error value.

37. A method according to claim 29, said method comprising providing said RZ bias

signal in response to said output of said low speed photodetector, and wherein said RZ bias
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signal in response to said output of said | ow speed
phot odet ector, and wherein said RZ biassi gnal

wa@eopnsses a | ow frequency RZ bias dither, saiBCT/O82005/045215
frequency RZ bias dither having a frequency at | east

one order of magnitude |less than said data rate. 38. A
signal mp@s admm ﬁ@qm;lcy RZchias aitlsT, saghiow finesuency B4 asi dsthaghaving a

r ssinllnresonsetoaRZbias
freque%ryr% {{%togz %Béf’ ]ﬁ?&tﬁ%s dQ?@E‘%}F- representative

of sai d out put of said photodetector with a signal

representative of said RZ bias dither. 39. A nethod

a&&: or dh nptlicd acba@iding38 clami X7, sed hwthddnohtpeisinggnpyidiigrsgid RZ bias

ustln RZ bias signhal to minpimze said RZ hias

signal o AL i e}sromlft}sagf&ws WiTHEINEG S8R ?mpz@en@avaof said
output SELN@ BnGiBHRELSH W B's %\ﬁh cPibsithl Lo RIEs biak Ay, | 1

response to said out sal | ow speed

phot odet ector, and wherein said NRZ bias signal

conprises a Iowfre uency NRZ bias dither, said, |ow
f3r9eque$1€§¢ﬂm2°6‘?ré§l Ptk %a%lg geshady fueibe royrpasingeisting said

RZbla%Qige@rtgngﬂﬁlzéTgﬁﬁ? Ss %:I‘F&SV LE:‘?‘” said data rate. 4 1.

accor arm sai d nmet hod conpri sing
provi ding said NRZ b| as signal in response to a NRZ
bi as error val ue obtai ned by m xing a signal
At dxﬁécmilrgarp&laémt ﬁaléme&mdcpommr@@ﬂm said NRZ

bias s@!l?‘i ﬂ}&% néc}ngg %)l s‘% Cor : ﬁcgts? dI IX sgﬁgd}%fgod\l ge%g)? \gf&argl%rsald NRZ
bias signial EGBprised am@w&gggmgﬂm 'bﬁlﬁ dsiBérd sdNRlo v Fraguehcg N 7 bi@s dither

m nim ze said bi as error val ue.
having a frequency at least one order of magnitude less than said data rate.

41. A method according to claim 40, said method comprising providing said NRZ
bias signal in response to a NRZ bias error value obtained by mixing a signal representative of

said output of said photodetector with a signal representative of said NRZ bias dither.

42. A method according to claim 41, said method further comprising adjusting said

NRZ bias signal to minimize said NRZ bias error value.
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