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imparted tyihe dunsehittecn the same fiber, crosstalk between channels caused by the
20  fiber’s nonlinear index can be problematic.

Distortions of the received waveform are infiuenced 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 fransmitted pulse is turned on
and off with the ones and zeros of a data bit stream. On-Off-Keying may be

25  implemented in a variety of well-known formats, such as Return-to-Zero (RZ), Non-
Retumn 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

30 CRZ, a bit synchronous sinusoidal phase modulation is imparted to the transmitted

pulses.
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optical modulators disposed on a single substrate, such as lithium niobate (LN). RZ-

DPSK modulation may be generated by selecting appropriate driving voltages and bias
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points for the serially connected Mach-Zehnder modulators.

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. Ina 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 acourate modulator biasing. Known bias



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 30 modifying the bias point necessary to achieve
optimum performance. Bias control loops have been developed in an
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controlling the modulator bias points and timing alignment in a RZ-D
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poigﬁ Qﬁgg{gégd an apparatus for transmitting an optical signal, said apparatus
comprising: a modulator for modulating data on an optical signal with a
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Mach-Zehnder RZ modulator for imparting said periodic intensity

modulation in response to 2BFBIACKIGNEIIMNY a Mach-zehnder NRZ
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signal with a modulation format having a periodic intensity moduiation and a differential
phase shift keying (DPSK) data 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: a jow
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 detect light
scattered at an output of said NRZ modulator and provide an output representative of

power in said light scattered at said output of said NRZ modulator; and a controlier for
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intensity modulation and said data modulation in response to a phase bias
signal; 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 detect light scattered at an output of
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bias error value obtained by mixing a signal representative of said output of said
photodetector with a signal representative of said RZ bias dither, said controller being
configured to provide said NRZ bias signal in response to a NRZ bias error value
obtained by mixing said signal representative of said output of said photodetector with a
signal representative of said NRZ bias dither, and said controlier being configured to
provide said phase bias signal in response to a phase bias error vaiue obtained by mixing
said signal representative of said output of said photodetector with a signal representative

of said phase bias dither.
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obtained by mixing said signal representative of said output of said
photodetector with a signal representative of said NRZ bias dither, and
said controller being configured to provide said phase bias signal in
response to a phase bias error value obtained by mixing said signal
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al in response to said output of said low speed photodetector. Brief
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figures, wherein like numerals represent like parts: FIG. | is a simplified

block diagram of one exemplary embodiment of a system consistent with

the present inventionﬁ{@.mggﬁﬁimpgﬁg{g hiegtygiggram of one

exemplary embodiment of a system . consistent with the present invention;
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115 a simiplified block diagram of one exemplary embodiment of 2 sysiem

consistent with the present invention;

FIG. 2 is a simplified biock diagram of one exemplary embodiment of a system
consistent with the present invention;

F1G. 3 is a simplified block diagram of a system consistent with the present
invention including an exemplary controller consistent with the present invention;

FIG. 4 is a timing diagram showing exemplary waveforms associated with an
exemplary transmitter consistent with the invention;

FIG. 5 shows plots of Q penalty vs. RZ error signal established by a controlier

consistent with the invention;



FIG. 4 is a timing diagram showing exemplary waveforms associated with

an exemplary transmitter consistent with the invention; FIG. 5 shows pI(_)ts

of enalty vs. RZ error signal established by a controller consistent with
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plots of Q penalty vs. NRZ error signal established by a controller
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errqslanal esiphlishedpy.a controller consistent with the invention; and
5 FIG. 8 is a block flow dia%rgm illustrating an exemplary alarm bias and
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from a transmitting terminal 104 to one or more remotely located receiving
terminals 106. Those skilled in the art will recognize that the system 100
has been depicted as a highly Bi¢fpltideesssinties-point system form for
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transmitting or. receiving function. It is to be understood that a system and
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understood that a system: and method consistent with the tnvention may be incorporated
20 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 & plurality of transmitters TXI,
TX2 ... TXNreceives a datd signal on an associated input port 108-1, 108-2 ... 108-N,
and transmits the data signal on associated wavelength A;, %2 ... 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,



25 transmitters TX1, TX2 ... TXN may be configured to modulate data on
the associated wavelength with a RZ-DPSK modulation format while
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20 Raried&npleiptieR@madulator 204 may be driven in a well-known

ggmanner bﬁ’or example, the RZ modulator 204 may be driven in a well-known manner by
the data clock to impart a periodic intensity modulation to the CW optical signal 208. As
shown, the data clock may be provided to a known divider 218 which provides an output
including a train of identical sinusoidal pulses at half the data clock frequency. In one
exemplary embodiment, the divider may receive a 12 GHz data clock signal and output 2
25 6(GHz drive signal,

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

30 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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the data clock to impart a periodic intensity modulation to the CW optical
signal 208. As shown, the data clock may be provided to a known divider
218 which provides an output including a train of identical sinusoidal
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the divider may receive a 12 GHz data clock signal and output a 25 6GHz
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elegificalphase shifter/delay circuit 220. The phase shifter 220 may be
configured to impart a timing dela#o the output of the divider 218 for
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of wihtsarenrndrporates) berenpley refdnavee DPSK encoder 230. The output of
the DPSK encoder 230 may be provided to an RF driver 232. The RF driver 232 may
drive the NRZ modulator 206 in response to the DPSK encoder 230 output to modulate
the phase of the intensity modulated optical signal 228 in accordance with a DPSK
modulation format, i.e. with ones and zeros indicated by differential phase transitions in
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.
These 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 resulis in optimal system BER. In the illustrated exemplary embodiment, the



The NRZ modulator 206 may be driven to impart a DPSK modulation to
the intensity modulated optical signal 228 in a well-known manner. As
shown, for example, a data stream and clock may be coupled to a known

Wrs)lg’gqgﬁgﬁ%fgder 230. The output of 20 the DPSK encoder 23%(:;?{5{926@/ 045215
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provided to an RF- driver 232. The RF driver 232 may drive the NRZ
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biaseathpbasachitrelten 234atheicanteler 33¢piovisienBRRZBIas:
ougg tlgr% to establish the DC bias of the RZ modulator 204, an NRZ

Bias output 238 to establish the DC bias of the NRZ modulator 206, and a
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MAILE R e ithe SRAsIiates e wtitper diheontolenaidramplifies,
Y-lranals akdhemheduatoheuipuh: Qpteaswehdamdhe 1Mo, 3l is
B S ol g

pear at the modulator ou As'used; herem
scatteratraentig Buperofia trrovhokatisteveitmaen othacitof, tshaitefer to

20 th@&@@ﬁéb@%@ﬁ%&ﬁ&é%@em‘%%@5@1&1@%@@éﬁ&%ﬁnmcaﬁs that its

25

30

scatter_ed/{gadiated at or near the modulator Y-branc
associate

bias voltage 1s not optimum. The error values are used to establish new
associated bias setfings. Optimum bias settings may be achieved by minimizing the
associated error values.

In the illustrated exemplary embodiment, 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

meodulator, as opposed to the scattered light, can cause the RZ bias control loop to fail at
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coupler. In general, the controller bias outputs are established by the
controller 234 in 15 response to changes of the average power in the
scattered light at the output of the NRZ modulator 206 when dithering the
ggias settings. The controller 234 amplifies, low p%%yﬂﬁzéwggﬁﬁls
samples the current generated by a photodetector 242, e.g. a photodiode,
and spixéfictREseodaluiie septpaiatisly avithteadHigithbnsignatie oltabnass or
errqy: ' ' tector current.at eac
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20 digital signal processor (DSP) 306 including an analog-to-digital converter (ADC) 308,

25

and a digital-to-analog converter (DAC) 310.  As shown, the current output 312 of the
scattered photodetector 242 may be coupled to the amplifier 300. A variety of amplifier
configurations are known to those of ordinary skill in the art. In one embodiment, the
amplifier 300 may be configured as a logarithmic trans-impedance amplifier. A
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

30 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



10 modulator 204 to the NRZ modulator 206. The RZ Bias Setting is
added to the RZ Dither signal and provided to the RZ modulator 204 as
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error values increase only en tine
SPI bus, which produces the new bias settings. The new bias settings, Phase Bias
Setting, RZ Bias Setting, and NRZ Bias Setting provided by the DAC 310 may be added
to their associated dither signals, Phase Dither, RZ Dither, NRZ dither, respectively, e.g.
by adders 320, 322, 324 and coupled to the phase bias port of the phase shifter, the bias
25  port of the RZ modulator, and the bias port of the NRZ modulator, respectively.
FIG. 4 is a timing diagram showing exempiary Pac, 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

3¢ term “low frequency” refers {o a frequency thai is at least an order of magniiude (f.e. a

factor of 10} less than the modulaior data rate. The term “low speed”, as used herein,



associated bias setting moves in the wrong direction. The digitized PAC

signal is sampled by the DSP 306. To simplify processing, the sampling
Wrg%gglgﬁgor?]ducted synchronously with the generation of thePt It z%i(}h/&{'mﬁ

signals Phase Dither, RZ Dither, NRZ dither. The PAC samples are o
mixed (i.e. multiplied) with 10 each of the three generated dither tones
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setting, e.g. mixing of Phase Dither with the samples produces an error
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signals. As used herein, the 30 term "low frequency" refers to a frequency
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frequency is an integer multiple of any other dither frequency, and the period, Trz, Thzz,

Tenase, respectively, of the dither signals ate a factor of N.
In addition, to simplify the controller the phase of the dither signals may be

optimized with respect to the digitized Poc signal. The controlier may be configured, e. g
25 through software, hardware or a combination of software and hardware, to aliow 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

30 minimizes the error value,

10



(i.e. a factor of 10) less than the modulator data rate. Use of low frequency

dither signals, allows use low frequency/low speed components, e.g. the
scattered light photodetector 242, amplifier 300, LPF 302, ADC 308, DSP

W 10, etc. capable 5 of manipulating and/or procegﬁﬁgjﬁ%ﬂﬂ%&s

srgnals ThIS reduces the cost and complexity of the system compared to
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accuracy. In one embodiment, the bias may be changed by a constant multiple of the
error value. The optimum bias may be achieved when the same change in the associated
average power is achieved when the bias is changed in one direction and then back to the
optimum as is achieved when the bias is changed in the opposite direction and then back

25 tothe optimum. When the optimum bias is achieved 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. |
FIG. 8 is a block flow diagram of one example of a bias and alignment control

36 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,

11
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average power may still contain spectral components at harmonies of the
ditlgaptrol. In one exemplary embodiment, the apparatus inciudes a dual-stage Mach-

Zehnder modulator for modulating data on an optical signal with a modulation format
having a periodic intensity modylation and a DPSK data modulation. The moduiator
may inchude a Mach-Zehnder RZ modulator for imparting the periodic intensity

25  modulation in response to 2 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 af the output of the modulator. The low speed photo-

30 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

12



frequency. FIG. 8 is a block flow diagram of one example of a bias and

alignment control 30 process 800 performed by a controller consistent

with the present invention. The block flow diagram is illustrated with a )

W;?a%?f)cﬁmg%géquences of steps. It can be appreciated, 11 WECT/US2005/045215
2006/065887 PCT/US2005/045215 however, that the sequence of steps
mebEXL profititer.an ecwrnipterodshowr tfreagiene rale fftctiRAMity desdribetiRZ
" 1B GRR.D e P aCs BILRF B3R REANSIIAS AraieRglgRe, ot
have to be executed in the order presented unless otherwise indicated. In
the RBRERLESF - embodiment illustrated in FIG. 8, the process starts 802

with 5 initializing @4eachbiascprt akiogndheiniializalion MavBeilds

etting.the.RZ Bias Setting, N las Setting_and Phase Bias Setting .
el A B A S G Y e L ardes PHr e A
the Neaithrs eopbRIDittse vy i elovRh bs e ith episignals hthsiREBiate art, may
SetiopNRARIALSRH BheseBiassal i the
DAC 806. A delay Ogi?nga%%%?g\%ded to éﬁ%\%{ ?he iagssdé%til}ﬁt‘g%%gnéettle
into the DAC 10 analog circuitry and appear at the DAC output for addition
to the dither signals. Once the initial bias signals and dither signals are
added and provided at the associated ports of the RZ modulator, NRZ
modulator and phase shifter, N samples of the PAC signal maybe taken
810 by the DSP. The samples may be mixed with the dither signals to
establish the error values 812, and bias adjustments may be calculated 15
814 from the error values. If the adjusted bias signals are within a
predetermined expected range 816, they may be written to the DACS 806
and flow may continue. Otherwise, a bias control alarm may be set 818
and flow may return to the initialization step 804. There is thus provided a
method and apparatus for bias and alignment control in a 20 RZ-DPSK
transmitter that provides stable, accurate, and efficient bias and alignment
control. In one exemplary embodiment, the apparatus includes a
dual-stage Mach- Zehnder modulator for modulating data on an optical
signal with a modulation format having a periodic intensity modulation
and a DPSK data modulation. The modulator

13



may include a Mach-Zehnder RZ modulator for imparting the periodic

intensity 25 modulation in response to a RZ bias signal, and a

Mach- ehn?er NRZ modulator for imparting the DPSK data modulation in
Wl?% ’ﬁo *NRZ bias signal. A phase shifter may be provided for

selegtively aligangrtihes Periogicrittansian aadiation.andithegataus
modulation in response to a phase bias signal. A low speed photodetector
“OMREPBE configured to detect scattered light at the output of the modulator.
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bias signal, or said phase bias signal, in response to said output of said low speed

photodetector.

2. An apparatus according to claim 1, wherein said controller is
configured for providing said phase bias signal in response to said output of said low

speed photodetector,

3. 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.

4. An apparatus according to claim 1, wherein said controlier is
configured for 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 providing 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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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

Wdata agg_ b,?ing configured to detect light scattered at an out u} of sai%45 .
NRPHSH ator and provide an output representative of po PP eyt
light scattered at said output of said NRZ modulator; and a controller for

previdingsatdgashseebapit Rehias 15,i%@feﬂgi@\é}%ﬁogié‘ﬁﬂﬂﬁ?}l’ﬂ?&ﬁﬁgmn isa
hase bias signal, in response to said output of said low speed
Pt s FS TR R GBS %ﬁé)‘éltaé’t?}% according to claim 1, wherein said
controller is configured for providing said phase bias signal in response to
said output of said low speed photodetector. 3. An apparatus according to

cldim 1, (WREPEATARIAEORTBALY RAER AR IO srih MRl rigder NRZ
moduignak isotpsabs CugRICLOWMRLEREEAEHAN, ROCRE RIAIRISIESIRE4nAR output of

. aratus.accaording to claim 1, wherein said controller is configured for
sid G 1 PR PR i oRESe 10

said output of said low speed photodetector. 5. An apparatus according to
clagim 1, wherein said conttoller i ,corgi red for providing each of said

RZ bias ‘&Iglr?gfajé%l RISF BRSS iyRaT 5t ket alidigis qaupled to said

Maclr@shodseRlD saithntdpfircthait thnatpeed phondrigeBheddiYWEd dulation with said
d 20&)6‘1/%65887 PCT/US2005/045215 6. An apparatus according to claim 1,
ata moadwuiation. . T . . .
wherein said periodic intensity modulation is a return-to-zero (RZ)
intensity modulation. 7. An apparatus according to claim 1, wherein an

ingut of said Mach-Zehnder N-RZ .madulator.is coupled to an output of
d Mo LR AT BRI H GRS BEREL T Agaapises en
electidalcraiaimderiNRZumodulator is provided as said output of said
modulator. 8. An apparatus according to claim 1, wherein said phase
shifter is coupled to said Mach-Zehnder RZ modulator for selectively

alifhing saidnperivdicintedisitytanbdul dtiomevit saitlcontrolier is configured for
providing said phase bias signal in response to said output of said low speed photodetector, and
wherein said phase bias signal comprises a low frequency phase bias dither, said low frequency

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

il.  Anapparatus according to claim 10, wherein said controller provides said phase
bias signal in response to a phase bias error value obtained by mixing a signal representative of

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

12, Anapparatus according to claim 11, wherein said confroller is configured to

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

13. Anapparatus 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.
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data modulation. 9. An apparatus according to claim 1, wherein said

phase shifter comprises an electrical variable delay circuit. 10. An

apparatus according to claim 1, wherein said controller is configured for
Wﬁf&ﬂﬁﬁ?ﬁ%éid phase bias signal in response to said output B LaieP w4213

speed photodetector, and wherein said phase bias signal comprises a

low frequency phase bias dither, said low frequency phase bias dither

having a frequency at least one order of magnitude less than said data

raﬂé‘.-‘ 11. Anppparssissedoriingleine binviberaiheidinostiollconteoliérs said RZ bias
signaP[RYidEss2ld PRIsePiassianal &{ﬁﬁ@&%%‘i&iﬁg%gﬁa? &%@@é%%aﬁ%ugf said

obtained by mixing a signal representative of said output of sali
ouipy pb paibrbetedsinmion ihariasiesrisastiasi vt ehrgip MG bitiakiteither. 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.
13-35an appreRaes AsrardE eI R L AviBrEtinsaid eomtrdits iygonfigured to

adjus@%ﬂmqﬁamgaa@véq{ﬁgim Ry Riasslgnabingarponse 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 frequengy Ableask B RIEe Ot MaoNIWEdass.thansaid9ata g deed for
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configured to adjust said RZ bias signal to minimize said RZ bias error

va#e. 16, An apparatus %;‘c;grdin to claim 1, wherein said a controller is

co iguré%ﬂrevpgﬂ%&}fa%ﬁ) F\?F?%Hl‘a]sﬁsmﬂﬂ Yaig sonte e sssyigetsand NRZ
bias GfEAith iRwnopead phRIdsiectes: ailde Wihenein baidiNRLNIBS S sentative of

g Som rises a low frequenc .tFRZ bigs dither, said low frequency NRZ bias
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data rate. 17. An apparatus according to claim 16, wherein said controller

royides said NRZ bias signal in.respgnse to a NRZ bias error value

gb gin ed‘%‘ﬁlar%))%rﬁ S95R5A %&Brglggﬁ?ﬁ;/g 6%1 sai controﬁer is configured to

adjust said NRZ bias signal to minimize said NRZ bias error value,

19, An apparatus for transmitting an optical signal, said apparatus comprising:

a modulator for medulating data on an optical signal with a modulation format
having a periodic intensity modulation and a differential phase shift keying (DPSK) data
modulation, said modulator comprising a Mach-Zehnder RZ modulator for imparting said
periodic intensity modulation in response to & 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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said output of said photodetector with a signal representative of said NRZ
bias dither. 18. An apparatus according to claim 17, wherein said

controller is confi ust said NRZ bias signal to minimize, said
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said controller being configured to provide said phase bias signal in
response to a phase bias error value obtained by mixiﬁg said signal representative of

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

20.  An apparatus according to claim 19, wherein said periodic intensity

modulation is a return-to-zero (RZ) intensity modulation.

21.  An apparatus according to claim 19, wherein an input of said Mach-
Zehnder NRZ modulator 1s coupled to an output of said Mach-Zehnder RZ modulator,
and wherein an output of said Mach-Zehnder NRZ modulator 1s provided as said

output of said modulator.

22, An apparatus 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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said output of said photodetector with a signal representative of said NRZ
bias dither, and said controller being configured to provide said phase
Wk())ias{}s!ignal in response to a phase bias error value obtained by mixin
S glgﬁr% 7representative of said output of said photodetecIfS WRA'S
signal representative of said phase bias dither. 20. An apparatus
acdnrdingdeysiaiatud Acvongrel tosaithb @910die 8L Ra L IR AUIRIP RIS Mises an
) “Eegjm-tqg%%o RZ) intensity modulation. 21. An apparatus according to
S AN 18" i nput of said Mach- Zehnder NRZ modulator is
coupled to an output of said Mach-Zeluider RZ modulator, and wherein
an%gutpu of said Mach-Zehnder NRZ modulator is'ii)rovided as said
output of SeiFABHIAT5Pr 922 AhClibat i areb Faim GaB s confisaredrio
adjussaitl phasebihifienis (cavpledAosarigiMachi=¢ehagdesiRZ modulator for
selectively aligning said periodic intensity modulation with said data
modulation. 17 WO 2006/065887 PCT/US2005/045215 23. An apparatus

acording tajgainmi cvendiritosdithphasershifiescoBupriessan «elagtiical;

. | elay circuit. 24. An a tus according to claim 19, wherein
adj m%slgairlc? g)gn?rlo gﬁ%%%nﬁ%ﬁ%&%%ﬁ??ﬁﬁ@ﬁé(éh‘%ias signal to minimize
said phase bias error value. 25. An apparatus according to claim 19,

wherein sai roller is configured to. adjust.said RZ bias signal to
Ml e PR S R R AR
adjust QliNBrelnas aigred rollemisze safiguRetiias adistbadd NRZ bias signal to
minimize said NRZ bias error value. 27. An apparatus according to claim
19, wherein said associated frequencies of said RZ bias dither, said NRZ
bidé dithén amdretisl sshashugiasdithet Greldifferenitiisesoctach BtheEnc?S.of said
2 I J claim. 2 herein sajd assogijated frequencies
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modulator for modulating data on an optical signal with a
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28.  Anapparatus according to claim 27, wherein said associated frequencies are not

integer multiples of each other.

29. A method of operating a moduliator for modulating data on an optical signal with a
modulation format having a periodic intensity modulation and a differential phase shift keying
(DPSK) data modulation, said modulator comprising & 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
signai, and having a phase shifter caupied 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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modulation format having a periodic intensity modulation and a differential
phase shift keying (DPSK) data modulation, said modulator comprising a

WM%ch-%e;grsjn?der RZ modulator for imparting said periodic intensig )
RSHHELSH in response to a RZ bias signal, and a Mach- zIGidEr iR 45218
modulator for imparting said DPSK data modulation in response to a NRZ

bias sigraidandhizuine: phase shiierieswpied, HRIHS 0ESEIBRIVEIaid NRZ
bias Saltliggliﬂgrgsaid geﬁodi.%gntensit mggulation and said data modulation in
[ESPONSE 10 & phace ?&?ﬁdﬁﬁﬁl P PRSI EERIFRRTg: detecting power

in light scattered at an output of said modulator using a low speed

phgto-dejector, said low speed phqto-detector having a bandwidth of at

Iebaﬂs}t' one}“or%%&ocﬁ)facrﬁ%rg ﬁ%@eﬂéﬁg a?‘f”é& FiRed compLsiaeey Khreisaif ghase
bias spmflgureshtaspriovidie antpuitpitaié prespesathinofipewsy, at said output of

said modulator; and 18 WO 2006/065887 PCT/US2005/045215 providing

at least one of said phase bias signal, said RZ bias signal, or said NRZ

bid$ signalrinthesponselingsaidaint 39t of saidtod anesdRRRRALINARBR 7 bias
. : cording, to.claim said method, comprising providing said
Slgna?k%}gég%%i%i%ﬁapm r%tscﬁ?osr?ls%%c‘);v B0 éﬁ‘fﬁdgfeﬂ% low speed

photodetector. 31. A method according to claim 29, said method

cofmprisi foll ' ias ~signal in response to, said output of ,
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signahsgthesirQORepbisitgued vidieweraid iR Z2biastmiguasan thsaigdyRghbiageecior.
signal in response to said output of said low speed photodetector. 33. A
method according to claim 29, said method comprising providing each of

sald- RZ4fastedrrarcsdiveNRalding Sigrdmatindaidnptisise, biasidignahif of said
bl QU ' .photodetector. 34. A method .
D B S oP S fhe By of sid
low spred AlipiepwAke to said output of said low speed photodetector, and
wherein said phase bias signal comprises a low frequency phase bias
dither, said low frequency phase bias dither having a frequency at least
oné-ordet BrEfhedaradingss ahimsdicddmetie! 8snprinethndvadegrditigphase

bias sigraRiM Ao saltb matas oRRdRnG PudiBg saidohase  igs slgnalin
. response to a phase bias error value obtain y mixing a Slgnaf
bias S}%’Eﬁje%ﬁ?gﬁ%adf’w frequency phase bias dither, said low frequency phase bias dither

having a frequency at least one order of magnitude less than said data rate,
35. A method according to claim 34, said method comprising providing said phase
bias signal in response to a phase bias error value obtained by mixing a signal representative of

said output 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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said output of said photodetector with a signal representative of said
phase bias dither. 36. A method according to claim 35, said method
Wféi:;f&%g %OSSPr|S|ng adjusting said phase bias signal to minim Cze Ss?z'e()ju 045215
phase bias error value. 37. A method according to claim 29, R
comprising providing said RZ bias signal in response to said output of
signalSeithiplacspeed phalodstadiaatihefetrinosafeREdiaR 2 Didé@ither having a
2006/065887 PCT/U 2005/0 SFf‘? nal c mprlses a low frequency RZ
ﬁequ%’f%‘éa& i3 0&8@?8{9\? % sbtlléasgﬁmﬁie %{ﬁﬁg a frequency at least

one order of magnltude Iess than said data rate. 38. A method according
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sald RZ bias error value. 40. A method according to claim 29, said method
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said low spee tor, an W"hereln sal bias
RZ bigompris és mitowifespid RE/DMNR Zrisinwadiither, said low frequency NRZ bias
dither having a frequency at least one order of magnitude less than said
data rate. 41. A method according to claim 40, said method comprising
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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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