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communication systems, the optical transmitters are usually wavelength-locked to the
15  wavelengths channels of the preselected grid. Such wavelength-locking enables the optical
transmitters and receivers to communicate more predictably and enables wavelength-

selective optical routing to be performed in a more predictable manner.

BRIEF SUMMARY
Various embodiments provide optical transmitters configured to transmit over
20  multiple wavelength channels whose wavelengths are substantially stabilized in the face of
varying environmental conditions, e.g., temperature.

One embodiment of an apparatus includes an array of N laser light sources, an array
of N optical detectors, and a wavelength-selective optical router. The wavelength-selective
optical router is configured to receive light emitted by the laser light sources and to route

25  the light received from each laser light source to one of the optical detectors corresponding
thereto. The apparatus is configured to adjust output wavelengths of the laser light sources
based on light intensities measured by the optical detectors.

In some embodiments of the apparatus, the apparatus may be configured to control
each laser light source to output a data-modulated optical carrier in a different wavelength

30  channel than the remainder of the laser light sources. In some such embodiments, the

apparatus may further include an optical multiplexer connected to multiplex the data-
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In some embodiments of any of the above apparatus, the apparatus may be an
optical data transmitter.
One embodiment of a method includes driving laser light sources of an array, in
parallel, to output corresponding data-modulated optical carriers and during performance of
20  the driving, transmitting light emitted by the laser light sources to a wavelength-selective
optical router. For each laser light source, the wavelength-selective optical router is
configured to deliver part of the light in a different preselected transmission band
corresponding to the each laser light source to an optical detector corresponding to the each
laser light source. The method includes adjusting output wavelengths of the laser light
25  sources based on intensities of the light received by the optical detectors during the
transmitting such that the laser light sources output the data-modulated optical carriers
substantially aligned in the different transmission bands.
In some embodiments of the above method, the method may further include, during
the transmitting, delivering an electrical feedback signal from each optical detector to the
30  corresponding laser light source to perform the adjusting the output wavelength thereof.
In some embodiments of any of the above methods, the transmitting may include

delivering light in a first part of each preselected transmission band to a first light intensity
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20 In other such special embodiments of the above methods, the optically multiplexing
may include receiving light through first ends of the laser cavities of the laser light sources
in the optical multiplexer and receiving light through different second ends of the laser
cavities in a wavelength-selective optical router that performs the transmitting. In some
such embodiments, during the transmitting, the method may also include, during the

25  transmitting, delivering an electrical feedback signal from each optical detector to the
corresponding laser light source to perform the adjusting the output wavelength thereof.

An embodiment of a second apparatus includes an array of one or more laser light
sources, an array of one or more optical detectors, and an array of one or more free-space
dispersive optical elements. Each free-space dispersive optical element is an optical grating

30  oran optical prism. Each free-space dispersive optical element is configured to receive
light emitted by a corresponding one of the one or more laser light sources and to route the

received light to a corresponding one of the one or more optical detectors. The apparatus is
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connected to transmit light through the first end to the optical multiplexer and transmit light
20  through the second end to the corresponding free-space dispersive optical element. In such
embodiments, each optical detector may generate an electrical feedback signal that controls
the output wavelength of the corresponding laser light source. In other such embodiments,
each optical detector may include a first light intensity detector connected to measure light
in a first wavelength range and a second light intensity detector connected to measure light
25  in a second wavelength range, wherein the first and second wavelength ranges are mostly
non-overlapping wavelength ranges.
In any of the above embodiments of the second apparatus, the apparatus may

include an optical data transmitter.

BRIEF DESCRIPTION OF THE DRAWINGS
30 Figure 1 is a block diagram schematically illustrating one embodiment of an optical

transmitter;



20 through the second end to the corresponding free-space dispersive
optical elenent. In such enbodi nents, each optical detector may generate an
el ectri cavofeexdisasi si gnal that controls the out put wavelengteriofsuhe
correspondi ng | aser light source. In other such enbodi nents, each optical
detector may include a first light intensity detector connected to neasure
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connected to neasure |light 25in a secohd wavel ength range, wherein the
first and second wavel ength ranges are nostly non-overl appi ng wavel ength
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is a block diagram schematically illustrating an alternate specific
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schemat . A I . aodi: f .onti-cal _transmtter
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i nt egrated enbodi nent of  the . velen%;h-selective optical router of Figure
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analldg ewhichiwasnliengtbdodkives inaylbe bakgdlon dight emitted étoecbapksides ofHagus,es 1, 2A,
2B, and 3; Figure 5 schematically illustrates a specific analog embodiment for the individual
optical detectors of Figures 1, 2A, 2B, and 3;
Figure 6 schematically illustrates an example of light spectra that might be expected
to be received at three wavelength-adjacent optical detectors according to Figure 1, 2A, 2B,
15  and/or 3; and
Figure 7 is a flow chart schematically illustrating an example of a method of
wavelength locking, e.g., for use in the optical transmitters illustrated in Figure 1, 2A, 2B,
3, 3A, and/or 4.
In the Figures and text, like reference symbols indicate elements with similar or the
20  same function and/or structure.
In the Figures, relative dimension(s) of some feature(s) may be exaggerated to more
clearly illustrate the feature(s) and/or relation(s) to other feature(s) therein.
Herein, various embodiments are described more fully by the Figures and the
Detailed Description of Illustrative Embodiments. Nevertheless, the inventions may be

25  embodied in various forms and are not limited to the embodiments described in the Figures

and the Detailed Description of Illustrative Embodiments.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

U.S. provisional applications 61/390876; 61/ 390837; 61/390840; and 61/390798,
which were all filed on October 7, 2010; U.S. application “FIBER-OPTIC ASSEMBLY
30  FOR A WDM TRANSCEIVER?”, which is being filed on Nov. 10, 2010, by David Neilson,
Nagesh Basavanhally, and Mark Earnshaw (Docket No. 807934-US-NP); U.S. application
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15 Figures 1 schematically illustrates an example of an optical transmitter 10 that is

configured to, in parallel, optically transmit data to an array of wavelength channels, e.g.,
approximately equally spaced wavelength-channels. The optical transmitter 10 includes an
array of N laser light sources 12; — 12x, a wavelength-selective optical router WSOR, and
an array of N optical detectors 20; — 20x. In various embodiments, the sizes, N, of the

20  arrays of laser light sources 12; — 12y and optical detectors 20; — 20y are larger than 1, e.g.,
N >10.

Each laser light source 12; — 12y of the array can output an optical carrier, e.g., a
digital data-modulated optical carrier, on a corresponding wavelength channel. The
individual laser light sources 12; — 12y may include, e.g., a conventional laser and electrical

25  drver that directly modulates the corresponding laser to output a digital data-modulated
optical carrier. Alternately, the individual laser light sources 12; — 12y may include, e.g., a
laser and a conventional external optical modulator configured to modulate a digital data
stream onto a substantially unmodulated optical carrier output by the laser, i.e., an
undithered or relatively slowly dithered optical carrier output by the laser.

30 In some embodiments, all of the N laser light sources 12; — 12y are directly

modulated lasers or are externally modulated lasers. In other embodiments, K laser light
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are electrical feedback may provide a low-overhead system for wavelength locking the laser
20  light sources 12; — 12y to their corresponding preselected wavelength channels.
Herein, a light detector is referred to as being connected to measure light over a
wavelength range that is the full width at half maximum of the optical filter connecting the
light detector to a light source providing the light for measurement by the light detector.
The wavelength-selective optical router WSOR provides wavelength-selective
25  routing of part of the light from the laser light sources 12; — 12y to their corresponding
optical detectors 20; — 20x. In particular, the wavelength-selective optical router WSOR 1is
configured to route part of the light in the preselected wavelength of each laser light source
12y to the corresponding optical detector 20,. With respect to each laser light source 12,
the wavelength-selective optical router WSOR optically filters light therefrom so that
30  substantially only that part of the light in the corresponding preselected wavelength channel

is delivered to the optical detector 20y.
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optical router WSOR. Example ways to monitor the absolute output wavelength of one of
the laser light sources 12; — 12y, are, e.g., disclosed in the above-incorporated U.S.

25  provisional application 61/390876, filed on October 7, 2010 and the above-incorporated
U.S. patent application “DIRECT LASER MODULATION” by David T. Nielson and
Pietro Bernasconi concurrently with this application. Alternately, a thermistor can be used
monitor the temperature of either the wavelength-selective optical router WSOR or a
temperature-sensitive component thereof, e.g., AWG(s).

30 Figure 1 illustrates an optical transmitter 10 in which the wavelength-selective

optical router WSOR both wavelength-selectively routes filtered light to the optical

detectors 12; — 12y and routes wavelength-multiplexed light to an optical output of the
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of the light from the optical multiplexer 14 is delivered to the optical output of the optical
transmitter 10. The optical tap 16 may be, e.g., any conventional optical tap or optical

25  power or polarization splitter, e.g., an optical splitter configured to transmit a much larger
portion of the received optical power to the optical output of the optical transmitter 10 than
to the optical waveguide 24.
The optical demultiplexer 18 receives the redirected portion of the multiplexed light
from the optical tap 16 via an optical waveguide 24 and optically demultiplexes the
30 received portion into N preselected wavelength channels that correspond in a one-to-one

manner to the N laser light sources 12; — 12y. For each of the preselected wavelength

channels, a part of the demultiplexed light in a corresponding preselected wavelength



121 - 12N. The optical tap 16 typically redirects only a small portion of
the optically 20multi pl exed Iight beamfromthe optical nultiplexer 14,
e.g., |essothmmeiddd7percent, preferably |ess than 5 percenr/Uses 1/ey5e6
preferably | ess than 1 percent of the optical intensity in the optically
mul tiplexed Iight beamis redirected. For that reason, a nmuch |arger
portion of the light fromthe optical nmultiplexer 14 is delivered to the
optical output of the optical transmttoer 10. The optical tap 16 nay be,
e.g., any conventional optical tap or optical 25 power or polarization

splittergha@nd.s dé}ﬂle%tthé:@eﬂe%peﬂ&lﬁléén&&f{flé %[&ﬁdét@ctéﬂs@@? b, diaBudle bAr ger
portion of the received optical power e optical output of e opti cal

t ransmi tpared botpuhmavegyides ©Wpt- QSN Oﬁ/&megmpdeiezmltlplexer 18THGe opmqa&: al

derul ti pée { 118err §ce| vbeset he g}edl ree ﬁ/ﬁsﬁ lon 1f let he errul tnl E{eexee% | i ght
from t he"OPtiR&r ' 80" P> & 4R 88‘%\’8 ‘Eﬁﬁ&%‘ P54 ‘ot daIce)

demul ti pirenges V\Iak)@g@@é’ £6LhY EUWIDIdptied] defufti JexRF els@heeispae\t»ﬁﬁedl gRgitn- channel s

t hat corre;g in a one-to-one manner to the N | aser t sources 121 -
12N. SForbased fevaee intyehiplh Bissinals eddaiad ereeng tavedvadmd W —O'Warandief thehe

demultip E@ g preselected wavel ength WO
2012/064%§¢ ‘%%Bg%fadﬁgg%%ggggPﬁa%ﬁe is delivered the correspondi ng one
of the opti caFigdetBCcidiemattully iROMavdsan Hamgirtegratep @imbedingiat poA ofieheegui des

OM- OWN of the optical demultiplexer 18. The opt| cal errultlE)I exer 18 may
be, e. g.oPtgALragmEst IO dlustratdiin Eigureidmlil tqrps enkodimgnts, the gpfiGahtrapymiitery

arrayed ygy ﬁﬁx ind %gglgcﬂﬂt%kﬂé&@\é\@%? Bt lvx\}rfc;)i’é ﬁﬂ%{}&ﬁ I‘n!af?slr QK &b s19£te§ifofr hWaGelRh ﬁe

optical grati ased” device I'n sl ng e or pal red opti
wav elgui dfebecm/\ieptGAl\IrcmltmI/WSORhmedmer optica\]/\mmgasllde MN,myl/dnehqompemelnt or

absent sche t| cal | | u tes anar integrated
oo metatecin2Br e ot Eteanpie soing hiblemabod BTl AR aom e ® - 11
sone embadiAmdatia cohderedt e U IS aspithii defORPIs ATRY RRGUSMPIrTER wmgmtped on

two or nore different materi al substrates for wavel ength- 10sel ective
opti cal €Ut MIOWVEORD EA&ER&WEEGMEBW@MAWUI%@MTM opti cal

it or o e nENEE R O SEATRH T RER  BNGRIEERERAVRES FlsSl PAEE pior

" OPTISCALin TRANSM (50n& a¥plithtfdal 617390758 MRAINGEED ctoboER T0R0) NTESRATEh ARRAYED
WAVEGUI DE GRATI NG WAVELENTH DI VI S| ON MULTI PLEXER' by Mark Earnshaw and

Fl avi o Pacesomrd yrrefiosenee besin wrtheir sitggll appl i cati on 61/ 390798, filed on

Cct ober 7, 2 L) dheir
ontirety.  Mine WAL BERE MA DOERRAOL Gl Pl AL ARSI IR sl o 14

i ncl udesorpicain@giohs eeAexfaac’emdphlamayed qgicansaeAide 204AingadW G Tatheayp@idalopt i cal
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may i ncl %}émattewg%ﬁﬁ %F%@%@ may|inglpdsra PEroRgicalpower splitter 16A with

20  asymmetric power splitting that directs most of the received optical power to the output
optical waveguide 22, i.e., towards the optical output of the optical transmitter 10A. In the
optical transmitter 10A, the optical demultiplexer 18 includes planar free-space optical
regions 26A”, 26A”’ and an arrayed optical waveguide grating AWG;. In some
embodiments, the planar free-space optical regions 26A” and 26A”” are vertically stacked

25  over and/or under the respective free-space optical regions 26A and 26B to reduce the
lateral footprint of the optical transmitter 10A. In other embodiments, components of the
optical multiplexer 14 and the optical demultiplexer 18 are not vertically stacked.

Figure 2B schematically illustrates an alternate specific embodiment of a planar
optically integrated embodiment 10B of the optical transmitter 10 of Figure 1. In some

30  embodiments, the optical transmitter 10B may be hybrid integrated on two or more

different material substrates for wavelength-selective optical router WSOR, the laser optical
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multiplexer 14, a wavelength-selective optical router WSOR, an array of N optical
detectors 20; — 20y, and an output optical waveguide 22.

The wavelength-selective optical router WSOR optically couples, in parallel, the N

laser light sources 12; — 12y to the corresponding N optical detectors 20; — 20y without

20  transmitting wavelength-channel multiplexed light towards the optical output of the optical
transmitter 10°. In particular, the wavelength-selective optical router WSOR receives light
from back surfaces of the lasers of laser light sources 12; — 12y. That is, the wavelength-
selective optical router WSOR receives light leaking from back surfaces of the transmitter’s
lasers for use in optical monitoring used for wavelength locking. In contrast, the optical

25  multiplexer 14 receives light from the front surfaces of the lasers of the laser light sources
12; — 12y, 1.e., for transmission to the optical output of the optical transmitter 10°.

The laser light sources 12; — 12y, optical multiplexer 14, optical detectors 20; — 20y,
and output optical waveguide 22 may be constructed as already described with respect to
optical transmitters 10, 10A, and 10B of Figures 1, 2A, and 2B. For example, the optical

30  detectors 20; — 20N may provide electrical feedback currents via electrical lines L; — Ly to
maintain center output wavelengths of the laser light sources 12; — 12y at the corresponding

pre-selected center wavelengths on a preset grid.
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10A 20maYORE, 1S AHalrPtoBflcal waveguides (owir, owir), ..., (oWxL, ownr). Then, each optical
waveguide owy delivers light in the left half of the k-th preselected wavelength channel to
a first light intensity detector of the k-th optical detector 20y, and each optical waveguide
owir delivers light in the right half of the k-th preselected wavelength channel to a separate
second light intensity detector of the k-th optical detector 20k.

25 In Figures 1 and 3, the various wavelength-selective optical routers WSOR and/or
the optical multiplexer 14 may also be constructed as free-space optical devices. In such
cases, the wavelength-selective optical routers may be conventional bulk diffraction
gratings, and some or all of the single or paired output optical waveguides OW; - OWy
and/or input optical waveguides IW; - IWy and/or IOW; - IOWy may be optional.

30 Figure 4 illustrates a further embodiment of an optical transmitter 10” in which
output wavelength control and/or locking is based on light emitted from backsides of lasers.

In particular, the optical transmitter 10” includes the optical multiplexer 14, an array of N



to direct light in the left and right halves of a preselected wavel ength
band to separate detectors in each of the optical detectors 201 - 20N
e.g., as wblwstmadsed in Figure 3A. I n such enbodi nents, PClmAIS2011/059546
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each | aseﬁferdﬂeg@g 50 Mt wife I%nﬁ@ﬁ/sny measured by the corresponding hght detector 20

depends significantly on the center output wavelength of the corresponding laser light
source 12x. Thus, each optical aperture OA and corresponding dispersive optical element

20 46 together function as a wavelength-selective optical filter. Indeed, in embodiments for
which N is greater than one, the array of N dispersive optical elements 46, — 46y functions
as a free-space wavelength-selective optical router WSOR, e.g., as described with respect to
the other optical transmitters of Figures 1, 2A, 2B, 3, and 3B. Each light detector 20k
generates electrical signals indicating measured light intensities that are fedback to control,

25  adjust, and/or lock the center output wavelength of the corresponding laser light source 12.

Figures 5 and 6 schematically illustrate how an example of the array of N optical

detectors 20; — 20x may be configured to operate in embodiments of the optical
transmitter(s) 10, 10A, 10B, 10°, 10A’, 10” of Figures 1, 2A, 2B, 3, 3A, and/or 4, .e.g., in
embodiments where the laser light sources 12; — 12y undergo direct laser modulation.

30  Direct laser modulation typically causes each directly modulated laser of the array to output
light of a first amplitude in response to receiving digital data of logic 0 and to output light

of a different second amplitude in response to receiving digital data value of logic 1. Then,
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the the two digital data values. In such embodiments, the left and right peaks PL, PR of a
single one of the preselected wavelength channels would typically have about the same
time-averaged optical power when the center wavelength of the corresponding laser light
25  source 12; - 125 is appropriately aligned in the corresponding preselected wavelength
channel. Then, a difference between the time-averaged optical powers in the left and right
peaks PL, PR of the same preselected wavelength channel is often indicative of a mis-
alignment of the center output wavelength of the laser light source 12; - 123 corresponding
to that preselected wavelength channel. For example, in Figure 6, the time-averaged optical
30  power of the left peak PL in the preselected wavelength channel 1 visually seems to be

lower than the time-averaged optical power of the right peak PR in the same preselected

wavelength channel 1 thereby indicating that a center output wavelength of the



15wavel engt h- sel ective optical router WoOR. Figure 6 also indicates by
thick horizontal |ines the presel ected wavel engt h-channels 1, 2, and 3

corr espomaipngitmw4dsne | aser |ight sources 121, 122, 123. PCT/US201Ems54©f t he

| aser |ight sources 121 - 123 is typically expected to transmt about equal
amounts of the two digital data val ues when averaged over |ong enough tine
periods, e.g., 20over periods of a fewmlli-seconds, and, in sone

enbodi ments, each laser light source 11 - 123 is al so expected to transmt
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of the correspon ing Taser sour ce propr
laser light source 12; would typlcally be mis-aligned. Thus, in these other embodiments,

differences between the powers in the right and left peaks PR, PL of the various preselected
20 wavelength channels 1 — 3 are typically still indicative of the alignments of the center
output wavelengths of the individual laser light sources 12; - 125. Indeed, the optical
transmitter may include control circuitry that accounts for the preselected values of the
measured relative power differences when the laser light sources 12; - 123 are properly
aligned to enable suitable estimations the positions of their center output wavelengths,
25 Thus, in the various embodiments, the difference between:

a time-average of the optical power received at the corresponding optical
detector 20; — 203, in the left half of the wavelength range for a preselected
wavelength-channel 1 — 3, and

the same time-average of the optical power received at the corresponding
30 optical detector 20; — 203, in the right half of the wavelength range for the same
preselected wavelength-channel 1 — 3,

is a measure that is indicative of the alignment of the center output wavelength of the

corresponding laser light source 12; — 123. If the about difference is greater than a
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laser’s optical cavity. The output electrical tap 30 may optionally include an electronic
amplifier 34. The photo-diodes PD;, PD; are otherwise electrically isolated from the
25  environmental controller 32 by capacitors C;, C,.

The pair of matched photo-diodes PD;, PD, may be connected to form a differential
configuration. For example, the matched pair may deliver a current to resistive heater R for
the corresponding laser light source 12 when the optically generated electrical current from
the photo-diode PD; is larger than the optically generated electrical current from the photo-

30 diode PD;. In such configurations, the matched pair also withdraws a current from the
resistive heater R for the corresponding laser light source 12 when the optically generated

electrical current from the photo-diode PD; is larger than the optically generated electrical



optical detector 20k includes a series-connected matched pair of

phot o-di odes PD1, PD2, i.e., light intensity detectors, and an out put

el ectri cavotapr/@®s3zocat ed bet ween t he phot o- di odes PD1, pPDAIS20ih@59546
phot o- di odes PD1, PD2 may be ordinary photo-di odes or aval anche
phot o- di odes. The output electrical tap 30 electrically connects to an

envi ronnental 20controller 32 for the corresponding |aser |ight source 12k.
The environnmental controller 32 may i ntlude, e.g., a resistive heater R
that is able to separately change the output wavel ength of the |aser of the
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exposed to a higher light intensity than the photo- di ode PD2. Thus,

t he opt idad pepeessiigor 20k of Figure 5 is able to maintain optical wavel ength
| ocking of the correspondi | aser Light source 12Kk via di rect .anal og

el ect 1o 1 eedtRERI B AL TenER Soni BB A AP ebRSrl Mo el A
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R R T
conf i gur@tthelséerdieht sounte/ 2, aadph opcd haveal éhee; [alivering to the other photo-
diode PD; light in the left half of the selected wavelength channel corresponding to the
20  laser light source 12;. In the embodiment of the optical demultiplexer 18 of Figures 2A and
2B and the wavelength-selective optical router 10A” of Figure 3 A, the optical waveguides
owir, and owgr may have input ends at neighboring locations on the same surface of the
free-space optical region 26A”’, 26B, 44, so that these ends receive light from separate
wavelength halves of the k-th preselected wavelength channel, which corresponds to the k-
25  thlaser light source 12.

Figure 5 also illustrates a construction for the individual optical detectors 20; — 20x
that may also be used in other embodiments of the optical transmitters 10, 10A, 10B, 10°,
10A’, and 10” of Figures 1, 2A, 2B, 3, 3A, and 4. For example, the construction may also
be used when the individual laser light sources 12; — 12y are externally modulated. In such

30  embodiments, the difference between the light intensity received by the photo-diode PD,
and the photo-diode PD; of the k-th optical detector 20y still depends on the center

wavelength of the k-th laser light source 12y, e.g., the intensity difference may vanish when



150f phot o-di odes P131, PD2 to the optical denmultiplexer 18 by a pair 0OV
of optical wavegui des owkR, owkL. The pair OW includes an optical

wavegui dewowkR/@ed3rveri ng t he phot o-di ode PD2 |ight in the/useghitsdsas f of
the presel ected wavel ength channel corresponding to the laser |ight source
12k and an optical wavegui de owkL delivering to the other photo- diode PD1
light in the left half of the sel ected wavel ength channel corresponding to
the 20l aser |ight source 12k. In the erbodi nent of the optical
demul ti pl exer 18 of Figures 2A and 2B and the wavel engt h-sel ective opti cal

rout er 1ot Fh@MRUSAprd Ry ANk &Fh HEVGAIRE OWklel Bch QUReiay have

i nput ends at nei ghboring l'ocations on the sanme surface of the space
optical ¢heginen 26A", 26B, 44, so that these ends receive light from

separate wav t al ves.of. . the k-th cted. wavel engt.h channel
separ at o wavelength el Mes 9 e e pLER b ekt aD S B el -

al so il ldsdrniahesousces NSt ilthié bptical BindnlifedsNdi WiAuaB, 091 i10Al adeloectross 201-
20N that nmay al so be used in other enbodi nents of the optlcal transmtters

10, T0A Figoms 119A, 2B.BASA, ardor1d" of Figures 1, 2A, 2B, 3, 3A, and 4. For

I th | i ght
cxample. L e FARLAHEShIMIR (AR U RO OB eRlahaser L1 o
di f f er enaepinel veedspbiding 'tighirnddmlmtséﬁty:ar etetr( k. pyfromehpheédight oslgcddDl and

t he photo-diode PD2 of the k-th optical_ detector 20k st|II depends on the
center whiel BagbisP of)- tfﬁ@ekthtﬂ ﬁowag%#ntqgiegwtls gesaies thappg equal o ong-he i ntensity

difference may,vaging s¥ifehude il ﬁ%ﬁ‘gﬂﬁﬁ%ﬁ%ﬂé%{ s i sjo%rée&bg cent er

wavel ength is proper a I gne rrespondi ng preselected vel ength
chanlfel . during the drifing lof gtefy 53 the mat/élemgth-yelletti\{stsipltlaalefsutar toetchoer @HOt(Ofof

operatin n, arr one re | aser t so r ces, ., In the optica
e e Man G N YigfRrend greslpere rgpsan s lengai SydEhp L eal " Hac OB | 5
3A, and/ @fiedor(s), e.g., th@%tl@ﬁtd@f%@to%)zolmid&d@@epdﬂ)vliﬁﬂl J)\btlcﬁlsé’é'tedtd)rght sour ce(s)

of the array, in paral to output N correspondi ng data-nodul ated opti cal
carri er (&@ytespongs; to & didfarett prdselseted Itnagﬂmlssomwae@emgll -band| @M t@sme pf B@)N Her e,

t he p05|t|v te reater .t ha

ot baesnd Teb Rty g At GRY B wh R: R eRbR e Mt 0TS odur  ng
the 16ri vperbrabd, Sh@@raﬁ’e’l Ecg dyWay whedgidih-setastiopecd Rbiutes3 W SORtiBlstiageddal i ver
part(s) of the lig in dlfferent presel ected transm ssion

maveleng%ﬁu%éﬁd%%)ﬂaﬁ RAoptd ¢al detector(s) e.g., the optical detectors
205, 200 (1P fhou SOr RLLIRL APREL AL SRLSRRIPER ORI T
sour ce( syourckl(® bdeddi onethy iménsither 1nt@httie€ﬂftﬂe&iéhb®fecﬂ part(spsthe lipghecebvadraze( s)
may be the N optical detector(s) such that each laser light source outputs a data-modulated optical
20  carrier substantially aligned in a corresponding preselected transmission wavelength-band
(step 56). Each laser light source has a preselected transmission wavelength-band that
differs from the preselected transmission wavelength-band corresponding to any others of
the N laser light source(s). The adjusting step may be performed by a single centralized
controller of the laser light source(s) or by individual controller(s), e.g., individual analog
25  controller 32 as illustrated in Figure 6. When N is larger than one, substantial alignment of
the data-modulated optical carriers typically implies that center wavelengths of the data-
modulated carriers are aligned with the wavelength-centers of the corresponding
preselected transmission wavelength-bands to within an error of 25 percent or less of the
average spacing between the preselected transmission wavelength-bands and preferably to

30  within an error of 10 percent or less of the average spacing between the preselected

transmission wavelength-bands.



15performed, in parallel, e.g., by the wavel ength-sel ective optical routers
W6 OR illustrated in Figures 1, 2A, 2B, 3, 3A, and 4. The met hod 50

i ncl udes wOj20tdeme37t he out put wavel engt h(s) of the N | agem/useghissaear ce(s)
based on the intensity or intensities of the delivered part(s) of the |ight
received at the N optical detector(s) such that each laser |ight source

out puts a data-nodul ated optical 20carrier substantially aligned in a
correspondi ng presel ected transm ssi onidwavel engt h-band (step 56). Each

| aser |ight source has a presel ected transm ssion wavel engt h- band t hat

differs from¢dge Bhes@healed il ARROA S6 R MaNE! fReddudraBeh £l £I6&REAdI Ng to
any others of the N laser |ight source(s). The adjusting step may be

per f or meigedhack sighaldrem ceit opiichlzdatiectario thef dostespsindinigd aseaight Jobglat i.sour ce( s)
11 o ot b R e F P gp b AR APl LRl Pl e

of the datatepsaul ated optical carriers typically inplies that center

wavel engt hs of the data-nodul ated carriers are aligned with the
waveldengt h- cekitaay of ge enrodipente shibha datepdotl dha teansmetting aten it $edydnclude

wavel engiie BaRdR G Wl L0 RLE 81 OF 23 RELEENL Bhoh 838y Ol LR, AYer age

spaci ng prsesel ec ansm ssi'on wavel eng

pr ef er abbandtte a Fowilight imtensite detocto0df the cpesspemnding bptl @b detedtot fogpradieeage
spaci ng between, the presel ected, transm ssion wavel engt h- bands.

2012/ 064B3FPETIIadmM 17te1595 25 thed irgoret BRsUFSFaRted t@psmﬁélopr&awel&nstbm%%agi

further ] i LOg:an ehectrical: € | opti cal
det ect or g h g i o BRGNS SR
t randm t presedecsddetpansdh)sston vperefengtit-bdnd tadjseystrata gedoné lightt iptensivyadeéaorgith

t her eof t%n the step 56. 5In any of the e .d'krr.ent S. of thhe rretdhod ? , the
transni t 0F A1 PRYFAEASREYT SOREPLSS AdRTaSYE ﬁglg Fgfnsitpobthe sesond Rat &f Bifgt h
part of @afh ieReRldarhedistioARPRALAbNEY BbeAGhIp DA dnBigBratibh oF thel ght
intensity detector of the corresponding optical detector to produce a
measur e aftical dategiher 20pirehigiteyo iblustraies fuich gh ephpdingate presel ect ed

o ansm =1 o0 b GLAIANT: BERY AR L AU, D ELSR A SRRl A T @
wav el se ngyfthBaiRelutl® opti GE P ki §leSia g erddatd-gldtulafddepst i agRi €6t 13fthé hgersame
optical detector to produce a neasure of a light intensity of the second
part of lighs sources, e.g., in the optical multiplexer 14. In some such embodiments, the
transmitting may include performing the optical multiplexing and then, optically
demultiplexing the optically multiplexed light, e.g., in the optical demultiplexer 18, to
deliver the parts of the light in preselected transmission wavelength-bands to the optical
20  detectors. The optically demultiplexing may include, e.g., delivering light in a shorter-
wavelength part of each preselected transmission wavelength-band to a first light intensity
detector of the corresponding optical detector to produce a measure of a light intensity of
the short-wavelength part of the wavelength-band and may include delivering light in a
disjoint long-wavelength part of the same preselected transmission wavelength-band to a
25  second light intensity detector of the same optical detector to produce a measure of a light
intensity of the long-wavelength part of the same wavelength-band, e.g., as illustrated in
Figure 6. In other such embodiments, the optically multiplexing includes receiving light
through first ends of the laser cavities of the laser light sources in the optical multiplexer,
e.g., the optical multiplexer 14 of Figure 3, and receiving light through different second
30  ends of the laser cavities in a wavelength-selective optical router that performs the

transmitting, e.g., the wavelength-selective optical router WSOR of Figure 3. In some such

embodiments, during the transmitting, the method includes delivering an electrical



sanme presel ected transm ssi on wavel engt h-band. For exanple, the
configuration of the optical detector 20k in Figure 6 illustrates such an
enbodi mernwo 2bre/oemi3adi nents of the nethod 50, for which RCraisgrieasesne t han
one, the nmethod may 15further include optically nultiplexing the

dat a- nodul ated optical carriers output by the laser light sources, e.g., in
the optical multiplexer 14. In sone such enbodinents, the transmtting may
i nclude perform ng the optical nultipl®xing and then, optically

demul tiplexing the optically nultiplexed light, e.g., in the optical

dermul ti plegatick %f%naltf?mﬁi%ﬁdhvﬁftlcﬁlrkfet&%rtt@ t@c&ﬂ%@pdn‘dﬁ’@laéeﬁ‘ 1iBhESEIRGS ed
transm ssi on wavel engt h-bands to the optical 20detectorsS. The optically
demul ti pp%ffqrmghmuﬂmglthdempet \gavelflﬂlgth therephg.d..i ihtheietectriachbnesdri— wavel engt h
part of each re_& g d transm Ss

P el oo R RIS bR SRR et B Bs iyeBfigh b

nmeasur e Kﬁap@a}dngf&thbﬁtsﬁﬂ&utlﬁ(t}féfart he short wavel engt h part of the
wavel engt h-band and may include delivering light in a disjoint

| ong-wavel ength part of the sanme preselected transm ssion wavel engt h- band
to a 25 second light intensity detector of the sane optical detector to
produce a neasure of a light intensity of the | ong-wavel ength part of the
same wavel ength-band, e.g., as illustrated in Figure 6. In other such
enbodi nents, the optically nultiplexing includes receiving |ight through
first ends of the laser cavities of the laser light sources in the optical
mul tiplexer, e.g., the optical nmultiplexer 14 of Figure 3, and receiving
| i ght through different second 30ends of the |laser cavities in a

wavel engt h-sel ective optical router that perforns the transmtting, e.g.,
t he wavel engt h-sel ective optical router W5 OR of Figure 3. In sonme such
enbodi nents, during the transmtting, the nmethod includes delivering an
el ectrical 20 feedback signal fromeach optical detector to the
correspondi ng | aser light source to performthe adjusting the output

wavel ength thereof, e.g., via the electrical lines L1- LN. From t he
di scl osure, draw ngs, and clains, other enbodinents of the invention wll
be apparent to those skilled in the art. WD 2012/064637PCT/ US2011/ 059546
21 What is clained is:



1. An apparatus conprising: an array of l|laser |ight sources; an array of N
optical detectors; 5a wavel ength-sel ective optical router configured to
recei ve Iwohizmsidived by the | aser |ight sources and toPcoatseotiiosdshé ght
received fromeach laser |ight source to one of the optical detectors
correspondi ng thereto; and wherein the apparatus is configured to

adj ust out put wavel engths of the laser light sources based on |ight
intensities neasured by the optical detectors. 10 2The apparatus of claim
1, wherein the apparatus is configured to control each laser |ight source
to output a data-nodul ated optical cariler in a different wavel ength
channel than the renmai nder of the laser |ight sources. 153. The apparatus of
claim1, wherein each optical detector is configured to generate an

el ect ri ¥hat selametti: si gnal that controls an out put wavel ength of the
correspondi nﬁ | aser |ight source. 4. The apparatus of claim2, further
conprising ah optMtHPAHISCPBPEKEF connected to nul tipl ex the data-modul at ed
optical carrjefsyeplRiticRysobfigs;| aser light sources. 20 5. The apparatus of
claim2, wherein the apparatus ’is an optical data transmtter. 6. A nethod,
conpri si ng: anarray of N optigah defgeteds] el , driving laser |ight sources of an array
to output co i ta t i . | : ing the
i ving. 1 A P S Ao P B P Rl AL AT by the s I

wavel enspunees ehdeotroue thepightmbei vadutar ¢ach taserdgghhsduasao ohd gfithe epigalcietectorse

wavel engt h- sel ecttﬁ'avet optical router being configured to deliver a part of
the lig (frrels%ongméi efr%f),enp transm ssi on band corresponding to the each | aser
| i ght sour cewheeiamtheapparaidh isdehgiral toadiusespondavilenizths ohthe éaehidhaseices i ght

source;  an . . .. .
basecii on light intensities measured by the optical detectors.

10
2. The apparatus of claim 1, wherein the apparatus is configured to control each laser
light source to output a data-modulated optical carrier in a different wavelength channel than the
remainder of the laser light sources.
15 3. The apparatus of claim 1, wherein each optical detector is configured to generate an
electrical feedback signal that controls an output wavelength of the corresponding laser light source.
4. The apparatus of claim 2, further comprising an optical multiplexer connected to
multiplex the data-modulated optical carriers output by the laser light sources.
20
5. The apparatus of claim 2, wherein the apparatus is an optical data transmitter.
6. A method, comprising;

in parallel, driving laser light sources of an array to output corresponding data-modulated
25  optical carriers;
during the driving, transmitting light emitted by the laser light sources to a wavelength-
selective optical router, for each laser light source, the wavelength-selective optical router being
configured to deliver a part of the light in a different transmission band corresponding to the each

laser light source to an optical detector corresponding to the each laser light source; and



WO 2012/ 064637PCT/ US2011/ 059546 22 adj usting out put wavel engt hs of
the laser light sources based on intensities of the light received by the
optical dwpeotmssssduri ng the transmtting such that theprcaamseoihiogdsic sour ces
out put the data-nodul ated optical carriers substantially aligned in the
different transm ssion bands. 57. The nethod of claim®6, wherein the
transmtting includes delivering light in a first part of each presel ected
transm ssion band to a first light intensity detector of the corresponding
optical detector to produce a neasure of a light intensity of the first
part of the sane each presel ected transhi ssion band and nmay i ncl ude
delivering light in a disjoint second part of the sanme each presel ected
transm ssion band to a second light intensity detector of the sane

cor r espondi mgliuspeg edput vodeleesthsor thedager baht@@uraesma@mnen@ﬂsﬂeps lof gietlichint ensity

of the %%QQQ%BPQE B%t%l 4% 7 ERin g%ﬁé‘tr%ﬁﬁ&‘ éﬁfcﬁﬁ;a{ chQ &ﬂré@@@tﬂput?%eaﬁn

apparatus co an array one or aser sour ces

array oﬂatan@d@latedoptecabmmaaIsubdtanmlly@hgned in the dlffacntananal}dsmn londs. or nore
free-space dispersive optical elenents, each free-space di spersive optical
el enent being an optical grating or an optical prism and wherein
eachs free- space dihepetisidve claph boahereh ﬁrmmhsﬂlistir(gdﬂélhcgﬂ ldel(i‘k/etiﬁg ligleréh ¥ @irsk i ght

emtted correspondi ng .one of t he.on nor e | aser ght sour.ces and
Lo 1 out B M LUER YRt RSS! gt b Rb L HUTRED SHE Oror N oBRo o o

opt i cal ostRbEdERIE to @BEuce a measurVBEA BEM idt&RitRAPPBE Btk Bart S tBOGHni I EILpleictecrd] USt
t he out put mavele th of each |aser |jght source based on a |ight |ntenS|ty

measur eBIS{II08 bavt 3elapryriasings dhvsing leheingdiveint sgeonpart 9 Higsae8acsf ¢l ai m

8, wher giefidcha tﬁl‘hﬁﬁ‘%m@ﬁ bé?l'a% PLecBRY Bgtlt ﬁﬁ&fsﬂ b@btor PGB Re 2P bikiESopiRsIe
than one of the laser light sources, and the apparatus is configured to

cont® ol deseasor tp arndrce 4 measurs of p iahtiintersity ofi the secwad aarhokthe sanekashpicedéctedar r i er
in a different wayel ength channel than any other of the |aser [|ight
sour ces.

8. An apparatus comprising:
an array of one or more laser light sources;
15 an array of one or more optical detectors;
an array of one or more free-space dispersive optical elements, each free-space dispersive
optical element being an optical grating or an optical prism; and
wherein each free-space dispersive optical element is configured to receive light emitted by a
corresponding one of the one or more laser light sources and to route the received light to a
20  corresponding one of the one or more optical detectors; and
wherein the apparatus is configured to adjust the output wavelength of each laser light source

based on a light intensity measured by the corresponding optical detector.

9. The apparatus of claim 8, wherein the array of one or more laser light sources
25  includes more than one of the laser light sources, and the apparatus is configured to control each
laser light source to output a data-modulated optical carrier in a different wavelength channel than

any other of the laser light sources.

10.  The apparatus of claim 9, wherein the apparatus is an optical data transmitter.



