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MULTIPLE WAVELENGTH OPTICAL 
SOURCE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

RELATED APPLICATIONS 

This application is a continuation of U.S. non-provisional 
application Ser. No. 10/923,455 filed Aug. 21, 2004 (now 
U.S. Pat. No. 7,054.517), which in turn claims benefit of 
U.S. provisional App. No. 60/497,410 filed Aug. 21, 2003, 
each of said provisional and non-provisional applications 
being hereby incorporated by reference as if fully set forth 
herein. 

U.S. application Ser. No. 10/923,455 is also a 
continuation-in-part of U.S. non-provisional application Ser. 
No. 10/653,876 filed Sep. 2, 2003 (now U.S. Pat. No. 6,829, 
417), which is in turn a continuation-in-part of U.S. non 
provisional application Ser. No. 10/229,444 filed Aug. 27. 
2002 (now U.S. Pat. No. 6,678,429), each of said non 
provisional applications being hereby incorporated by refer 
ence as if fully set forth herein. U.S. application Ser. No. 
10/229,444 in turn claims benefit of U.S. provisional App. 
No. 60/315,302 filed Aug. 27, 2001 and U.S. provisional 
App. No. 60/370,182 filed Apr. 4, 2002, each of said provi 
sional applications being hereby incorporated by reference 
as if fully set forth herein. 

U.S. application Ser. No. 10/923,455 is also a 
continuation-in-part of U.S. non-provisional application Ser. 
No. 09/811,081 filed Mar. 16, 2001 (now U.S. Pat. No. 
6,879,441), and a continuation-in-part of U.S. non 
provisional application Ser. No. 09/843,597 filed Apr. 26, 
2001 (now U.S. Pat. No. 6,965,464), application Ser. No. 
09/843,597 in turn being a continuation-in-part of said appli 
cation Ser. No. 09/811,081. Said application Ser. No. 
09/811,081 in turn claims benefit of: 1) U.S. provisional 
App. No. 60/190,126 filed Mar. 16, 2000; 2) U.S. provi 
sional App. No. 60/199,790 filed Apr. 26, 2000; 3) U.S. pro 
visional App. No. 60/235,330 filed Sep. 26, 2000; and 4) 
U.S. provisional App. No. 60/247.231 filed Nov. 10, 2000. 
Each of said provisional and non-provisional applications is 
hereby incorporated by reference as if fully set forth herein. 

BACKGROUND 

The field of the present invention relates to optical devices 
incorporating distributed optical structures. In particular, a 
multiple wavelength optical source incorporating at least 
one distributed optical structure is disclosed herein. 

Distributed optical structures employed in the multiple 
wavelength optical Sources disclosed or claims herein may 
be implemented with a variety of adaptations, such as those 
described in: 

U.S. non-provisional application Ser. No. 09/811,081 
entitled “Holographic spectral filter filed Mar. 16, 2001 in 
the name of Thomas W. Mossberg (now U.S. Pat. No. 6,879, 
441): 

U.S. non-provisional application Ser. No. 09/843,597 
entitled “Optical processor filed Apr. 26, 2001 (now U.S. 
Pat. No. 6,965,464); 

U.S. non-provisional application Ser. No. 10/229,444 
entitled “Amplitude and phase control in distributed optical 
structures' filed Aug. 27, 2002 in the names of Thomas W. 
Mossberg and Christoph M. Greiner (now U.S. Pat. No. 
6,678.429); 
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2 
U.S. non-provisional application Ser. No. 10/602,327 

entitled “Holographic spectral filter filed Jun. 23, 2003 in 
the name of Thomas W. Mossberg (now U.S. Pat. No. 6,859, 
318); 

U.S. non-provisional application Ser. No. 10/653,876 
entitled “Amplitude and phase control in distributed optical 
structures' filed Sep. 2, 2003 in the names of Thomas W. 
Mossberg and Christoph M. Greiner (now U.S. Pat. No. 
6,829,417); 

U.S. non-provisional application Ser. No. 10/740,194 
entitled “Optical multiplexing device' filed Dec. 17, 2003 in 
the names of Dmitri Iazikov, Thomas W. Mossberg, and 
Christoph M. Greiner; 

U.S. non-provisional application Ser. No. 10/794,634 
entitled “Temperature-compensated planar waveguide opti 
cal apparatus' filed Mar. 5, 2004 in the names of Dmitri 
Iazikov, Thomas W. Mossberg, and Christoph M. Greiner 
(now U.S. Pat. No. 6,985,656); 

U.S. non-provisional application Ser. No. 10/798,089 
entitled “Optical structures distributed among multiple opti 
cal waveguides' filed Mar. 10, 2004 in the names of Chris 
toph M. Greiner, Thomas W. Mossberg, and Dmitri Iazikov 
(now U.S. Pat. No. 6,823,115): 

U.S. non-provisional application Ser. No. 10/842,790 
entitled “Multimode planar waveguide spectral filter filed 
May 11, 2004 in the names of Thomas W. Mossberg, Chris 
toph M. Greiner, and Dmitri Iazikov (now U.S. Pat. No. 
6,987,911): 

U.S. non-provisional application Ser. No. 10/857.987 
entitled "Optical waveform recognition and/or generation 
and optical switching' filed May 29, 2004 in the names of 
Lawrence D. Brice, Christoph M. Greiner, Thomas W. 
Mossberg, and Dmitri Iazikov (now U.S. Pat. No. 6,990, 
276); and 

U.S. non-provisional application Ser. No. 10/898,527 
entitled “Distributed optical structures with improved dif 
fraction efficiency and/or improves optical coupling filed 
Jul. 22, 2004 in the names of Dmitri Iazikov, Christoph M. 
Greiner, and Thomas W. Mossberg. 

Each of these applications and patents is hereby incorpo 
rated by reference as if fully set forth herein. 

SUMMARY 

A method for forming an optical apparatus comprises: 
forming a planar optical waveguide; forming at least one set 
of locking diffractive elements in or on the planar optical 
waveguide; forming means for routing an optical signal cor 
responding to at least one said set of locking diffractive ele 
ments; and positioning a laser corresponding to at least one 
said set of locking diffractive elements. The planar optical 
waveguide Substantially confines in at least one transverse 
spatial dimension optical signals propagating therein. Each 
laser is positioned so as to launch a corresponding laser opti 
cal signal into the planar optical waveguide so that the corre 
sponding laser optical signal is successively incident on the 
diffractive elements of the corresponding locking diffractive 
element set. Each locking diffractive element set routes 
within the planar optical waveguide a fraction of the corre 
sponding laser optical signal back to the corresponding laser, 
with a corresponding locking transfer function, as a corre 
sponding locking optical feedback signal, thereby Substan 
tially restricting the corresponding laser optical signal to a 
corresponding laser operating wavelength range determined 
at least in part by the corresponding locking transfer func 
tion of the corresponding locking diffractive element set. 
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Each corresponding routing means routes within the planar 
optical waveguide, between the corresponding laser and a 
corresponding output optical port with a corresponding rout 
ing transfer function, at least a portion of that fraction of the 
corresponding laser optical signal that is transmitted by the 
corresponding locking diffractive element set. The optical 
apparatus may comprise multiple lasers, multiple corre 
sponding locking diffractive element sets, and multiple cor 
responding routing means, thereby comprising a multiple 
wavelength optical source. 

The locking diffractive element sets may be formed in 
corresponding channel waveguides formed in the planar 
optical waveguide, or may be formed in one or more slab 
waveguide regions of the planar optical waveguide. The 
multiple corresponding routing means may comprise corre 
sponding routing diffractive element sets formed in a slab 
waveguide region of the planar optical waveguide, or may 
comprise an arrayed waveguide grating formed in the planar 
optical waveguide. The multiple lasers may be individually 
assembled with the planar waveguide, may be assembled 
with the planar waveguide as an integrated laser array, or 
may be integrated directly into the planar waveguide. The 
corresponding laser output signals may be routed to a single 
output port or to multiple output ports. 

Objects and advantages pertaining to diffractive element 
sets, planar optical waveguides, or multiple-wavelength 
optical sources may become apparent upon referring to the 
disclosed embodiments as illustrated in the drawings or dis 
closed in the following written description or appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates schematically a planar waveguide with 
multiple locking diffractive element sets and multiple rout 
ing diffractive element sets, and multiple lasers. 

FIG. 2 illustrates schematically a planar waveguide with 
multiple locking diffractive element sets and multiple rout 
ing diffractive element sets, and multiple lasers. 

FIG. 3 illustrates schematically a planar waveguide with 
multiple locking diffractive element sets and multiple rout 
ing diffractive element sets, and multiple lasers. 

FIGS. 4A-4D are schematic cross-sections of diffractive 
elements in a planar waveguide. 

FIGS. 5A-5B are schematic top views of diffractive ele 
ments in a planar waveguide. 

FIGS. 6A-6B illustrate schematically termination of a 
channel waveguide core in a planar waveguide. 

FIG. 7 illustrates schematically a planar waveguide with 
multiple locking diffractive element sets and multiple rout 
ing diffractive element sets, multiple photodetectors, mul 
tiple variable optical attenuators, and multiple lasers. 

FIG. 8 is a schematic cross-section of diffractive elements 
in a planar waveguide. 

FIG. 9 illustrates schematically a planar waveguide with 
multiple locking diffractive element sets and multiple rout 
ing diffractive element sets, and multiple lasers. 

FIG. 10 illustrates schematically a planar waveguide with 
multiple locking diffractive element sets and an arrayed 
waveguide grating, and multiple lasers. 

The embodiments shown in the Figures are exemplary, 
and should not be construed as limiting the scope of the 
present disclosure and/or appended claims. 

DETAILED DESCRIPTION OF EMBODIMENTS 

An optical apparatus according to the present disclosure 
comprises a planar optical waveguide having at least one set 
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4 
of diffractive elements. The planar optical waveguide sub 
stantially confines in at least one transverse dimension opti 
cal signals propagating therein, and is generally formed on 
or from a substantially planar substrate of some sort. The 
confined optical signals typically propagate as transverse 
optical modes Supported or guided by the planar optical 
waveguide. These optical modes are particular Solutions of 
the electromagnetic field equations in the space occupied by 
the waveguide. The planar optical waveguide may comprise 
a slab waveguide, Substantially confining in one transverse 
dimension an optical signal propagating in two dimensions 
therein, or may comprise a channel waveguide, Substantially 
confining in two transverse dimension an optical signal 
propagating therein. It should be noted that the term “planar 
waveguide' is not used consistently in the literature; for the 
purposes of the present disclosure and/or appended claims, 
the terms “planar optical waveguide” and “planar 
waveguide' are intended to encompass both slab and chan 
nel optical waveguides. 
The planar waveguide typically comprises a core Sur 

rounded by lower-index cladding (often referred to as upper 
and lower cladding, or first and second cladding; these may 
or may not comprise the same materials). The core is fabri 
cated using one or more dielectric, semiconductor, or other 
materials Substantially transparent over a desired operating 
wavelength range. In some instances one or both claddings 
may be vacuum, air, or other ambient atmosphere. More 
typically, one or both claddings comprise material layers, 
with the cladding refractive indices n and in typically being 
Smaller than the core refractive index n. (In some 
instances in which short optical paths are employed and 
some degree of optical loss can be tolerated, the cladding 
indices might be larger than the core index while still 
enabling the planar waveguide to Support guided, albeit 
lossy, optical modes.) A planar waveguide may support one 
or more transverse modes, depending on the dimensions and 
refractive indices of the core and cladding. A wide range of 
material types may be employed for fabricating a planar 
waveguide, including but not limited to glasses, polymers, 
plastics, semiconductors, combinations thereof, or func 
tional equivalents thereof. The planar waveguide may be 
secured to a substrate, for facilitating manufacture, for 
mechanical Support, or for other reasons. A planar 
waveguide typically Supports or guides one or more optical 
modes characterized by their respective amplitude variations 
along the confined dimension. 
The set of diffractive elements of the planar optical 

waveguide may also be referred to as: a set of holographic 
elements; a volume hologram; a distributed reflective 
element, distributed reflector, or distributed Bragg reflector 
(DBR); a Bragg reflective grating (BRG); a holographic 
Bragg reflector (HBR); a directional photonic-bandgap 
structure; a mode-selective photonic crystal; or other equiva 
lent terms of art. Each diffractive element of the set diffracts, 
reflects, Scatters, or otherwise redirects a portion of an inci 
dent optical signal (said process hereinafter simply referred 
to as diffraction). Each diffractive element of the set typi 
cally comprises some suitable alteration of the planar 
waveguide (ridge, groove, index modulation, density 
modulation, and so on), and is spatially defined by a virtual 
one- or two-dimensional curvilinear diffractive element con 
tour. The curvilinear shape of the contour may be configured 
to impart desired spatial characteristics onto the diffracted 
portion of the optical signal. The curvilinear contours may 
be smoothly curved, or may be approximated by multiple 
short, Substantially linear contour segments (in some 
instances dictated by fabrication constraints). Implementa 
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tion of a diffractive element with respect to its virtual con 
tour may be achieved in a variety of ways, including those 
disclosed in the references cited hereinabove. Each curvilin 
ear diffractive element is shaped to direct or route its dif 
fracted portion of the optical signal between input and out 
put optical ports. The relative spatial arrangement (e.g. 
longitudinal spacing) of the diffractive elements of the set, 
and the relative amplitude diffracted from each diffractive 
element of the set, yield desired spectral or temporal charac 
teristics for the overall diffracted optical signal routed 
between the input and output optical ports. It should be 
noted that optical ports (input or output) may be defined 
structurally (for example, by an aperture, waveguide, fiber, 
lens, laser or other optical source, or other optical 
component) or functionally (i.e., by a spatial location, size, 
convergence, divergence, collimation, or propagation 
direction), or both structurally and functionally. In some 
instances a pair of corresponding input and output ports may 
comprise the same optical port (i.e., the diffracted portion of 
the optical signal is retro-reflected). In some instances the 
input and output ports may be interchanged (i.e., the action 
of the diffractive element set is symmetric). For a single 
mode planar waveguide, such a set of diffractive elements 
may be arranged to yield an arbitrary spectral/temporal 
transfer function (i.e., diffracted amplitude and phase as 
functions of wavelength). In a multimode planar waveguide, 
modal dispersion or mode-to-mode coupling of diffracted 
portions of the optical signal may limit the range of spectral/ 
temporal transfer functions that may be implemented. 
The curvilinear diffractive elements of the set (or 

equivalently, their corresponding contours) are spatially 
arranged with respect to one another so that the correspond 
ing portions of the optical signal diffracted by each element 
interfere with one another at the output optical port, so as to 
impart desired spectral or temporal characteristics onto the 
portion of the optical signal collectively diffracted from the 
set of diffractive elements and routed between the input and 
output optical ports. The diffractive elements in the set are 
arranged so that an input optical signal, entering the planar 
waveguide through an input optical port, is successively 
incident on diffractive elements of the set. For the purposes 
of the present disclosure or appended claims, “Successively 
incident' shall denote a situation wherein a wavevector at a 
given point on the wavefront of an optical signal (i.e., a 
wavefront-normal vector) traces a path (i.e., a “ray path') 
through the diffractive element set that successively inter 
sects the virtual contours of diffractive elements of the set. 
Such wavevectors at different points on the wavefront may 
intersect a given diffractive element virtual contour at the 
same time or at differing times; in either case the optical 
signal is considered “successively incident on the diffrac 
tive elements. A fraction of the incident amplitude is dif 
fracted by a diffractive element and the remainder is trans 
mitted and incident on another diffractive element, and so on 
successively through the set of diffractive elements. The dif 
fractive elements may therefore be regarded as spaced Sub 
stantially longitudinally along the propagation direction of 
the incident optical signal, and a given spatial portion of the 
wavefront of Such a successively incident optical signal 
therefore interacts with many diffractive elements of the set. 
(In contrast, the diffractive elements of a thin diffraction 
grating, e.g. the grating lines of a Surface grating, may be 
regarded as spaced substantially transversely across the 
wavefront of a normally incident optical signal, and a given 
spatial portion of the wavefront of such a signal therefore 
interacts with only one or at most a few adjacent diffractive 
elements). 
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6 
The set of diffractive elements provides dual functionality, 

spatially routing an optical signal between an input optical 
port and an output optical port, while at the same time acting 
to impart a spectral/temporal transfer function onto the input 
optical signal to yield an output optical signal. The curvilin 
ear diffractive elements may be designed (by computer 
generation, for example) So as to provide optimal routing, 
imaging, or focusing of the optical signal between an input 
optical port and a desired output optical port, thus reducing 
or minimizing insertion loss. Simple curvilinear diffractive 
elements (segments of circles, ellipses, parabolas, 
hyperbolas, and so forth), if not optimal, may be employed 
as approximations of fully optimized contours. Numerous 
short, Substantially linear segments may be employed to 
approximate a Smoothly curved contour. A wide range of 
fabrication techniques may be employed for forming the dif 
fractive element set, and any Suitable technique(s) may be 
employed while remaining within the scope of the present 
disclosure and/or appended claims. Particular attention is 
called to design and fabrication techniques disclosed in the 
references cited hereinabove. The following are exemplary 
only, and are not intended to be exhaustive. 

Diffractive elements may be formed lithographically on 
the Surface of a planar optical waveguide, or at one or both 
interfaces between core and cladding of a planar optical 
waveguide. Diffractive contours may be formed lithographi 
cally in the interior of the core layer or a cladding layer of 
the planar optical waveguide using one or more spatial 
lithography steps performed after an initial deposition of 
layer material. Diffractive elements may be formed in the 
core or cladding layers by projecting ultraviolet light or 
other suitable radiation through an amplitude or phase mask 
So as to create an interference pattern within the planar 
waveguide (fabricated at least in part with suitably sensitive 
material) whose fringe contours match the desired diffrac 
tive element contours. Alteration of the refractive index by 
exposure to ultraviolet or other radiation results in index 
modulated diffractive elements. The mask may be zeroth 
order-suppressed according to methods known in the art, 
including the arts associated with fabrication of fiber Bragg 
gratings. The amplitude or phase mask may be produced 
lithographically via laser writer or e-beam, it may be inter 
ferometrically formed, or it may be formed by any other 
Suitable technique. In instances where resolution is insuffi 
cient to produce a mask having required feature sizes, a 
larger scale mask may be produced and reduced to needed 
dimensions via photoreduction lithography, as in a stepper, 
to produce a mask at the needed scale. Diffractive elements 
may be formed by molding, Stamping, impressing, 
embossing, or other mechanical processes. A phase mask 
may be stamped onto the core or cladding Surface followed 
by optical exposure to create diffractive elements throughout 
the core and or cladding region. The optical or UV source 
used to write the diffractive elements in this case should 
have a coherence length comparable or longer than the dis 
tance from the stamped phase mask to the bottom of the core 
region. Stamping of the phase mask directly on the device 
may simplify alignment of diffractive elements with ports or 
other device components, especially when those compo 
nents may be formed in the same or another stamping pro 
cess. Many approaches to the creation of refractive index 
modulations or gratings are known in the art and may be 
employed in the fabrication of diffractive element sets. 

Irradiation-produced refractive index modulations or 
variations for forming diffractive elements will optimally 
fall in a range between about 10 and about 10"; however, 
refractive index modulations or variations outside this range 
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may be employed as well. Refractive index modulations or 
variations may be introduced by light of any wavelength 
(including ultraviolet light) that produces the desired refrac 
tive index changes, provided only that the photosensitive 
material employed is suitably stable in the presence of light 
in the desired operating wavelength range of the optical 
device. Exposure of a complete set of diffractive elements to 
Substantially spatially uniform, refractive-index-changing 
light may be employed to tune the operative wavelength 
range of the diffractive element set. Exposure of the diffrac 
tive element set to spatially non-uniform refractive-index 
changing light may be employed to chirp or otherwise 
wavelength-modulate the diffractive element set (described 
further hereinbelow). The sensitivity of planar waveguide 
materials to irradiation produced refractive index modula 
tions may be increased using hydrogen-loading, flame 
brushing, boron or other chemical doping, or other method 
known in the art, for example in the context of making fiber 
Bragg gratings. 
The curvilinear shape of the diffractive element contours 

may be determined by a variety of standard optical imaging 
system design tools. Essentially, each diffractive element 
contour may be optimized to image the input port onto the 
output port in a phase coherent manner. Inputs to the design 
are the detailed structure of the input and output optical ports 
and their locations. Standard ray tracing approaches to opti 
cal element design may provide a diffractive contour at each 
optical distance into the planar waveguide that will provide 
an optimal imaging of the input signal at the input port onto 
the optimal output signal at the output port. Simple curves 
may be employed as approximations of the fully optimized 
contours. Diffractive element virtual contours may be 
spaced by an optical path difference (as described above) 
that provides for the field image of successive diffractive 
contours to be substantially in phase at a desired wavelength. 
If the overall response of the diffractive element set is to be 
apodized with amplitude or phase modulation (to yield a 
desired spectral/temporal transfer function), the optical 
spacing of Successive diffractive element contours may be 
varied in a controlled manner to provide required phase dif 
ferences between diffracted components at the output port, 
or the diffractive strength of the elements may be individu 
ally controlled (as disclosed in the references cited 
hereinabove). 
An alternative approach to designing the diffractive ele 

ment contours for a diffractive element set is to calculate 
interference patterns between numerically simulated fields 
at a desired wavelength and with specified temporal wave 
forms entering the input port and exiting the output port. If a 
spectral transfer function is specified in a design, a corre 
sponding temporal waveform may be obtained by Fourier 
transform. In forming or writing a Summed pattern for the 
diffractive element set, suitable discretization is applied as 
needed for any lithographic or UV exposure approach that is 
utilized for fabrication. The holographic structure may be 
designed by interference of computer-generated beams hav 
ing the desired computer-generated temporal waveforms, 
with the resulting calculated arrangement of diffractive ele 
ments implemented by lithography or other suitable 
spatially-selective fabrication techniques. For example, 
interference between a delta-function-like pulse and a 
desired reference optical waveform (or its time-reverse) may 
be calculated, and the resulting interference pattern used to 
fabricate a diffractive element set that acts to either recog 
nize or generate the desired reference optical waveform. 

In an alternative method for making the diffractive ele 
ment structure, the core consists of a material of appropriate 
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8 
index that is also photosensitive at the wavelength of the 
desired operational signal beams. As in traditional 
holography, the input and output recording beams (same 
wavelength as operational signal beams of the envisioned 
device) are overlapped in the core and the interference pat 
tern between them is recorded. Subsequently the core mate 
rial is developed and, if necessary, a cladding may be depos 
ited or attached by other means. A specified spectral transfer 
function may be generated by imparting spectrally Sweeping 
the desired amplitude and phase variations on the recording 
beams, or the recording beams may be pulsed with temporal 
waveforms having the desired Fourier spectrum. 
The phrase “operationally acceptable' appears herein 

describing levels of various performance parameters of pla 
nar waveguides and diffractive element sets thereof. Such 
parameters may include optical coupling coefficient 
(equivalently, optical coupling efficiency), diffraction 
efficiency, undesirable optical mode coupling, optical loss, 
and so on. An operationally acceptable level may be deter 
mined by any relevant set or Subset of applicable constraints 
or requirements arising from the performance, fabrication, 
device yield, assembly, testing, availability, cost, Supply, 
demand, or other factors surrounding the manufacture, 
deployment, or use of a particular assembled optical device. 
Such “operationally acceptable' levels of such parameters 
may therefor vary within a given class of devices depending 
on Such constraints or requirements. For example, a lower 
optical coupling efficiency may be an acceptable trade-off 
for achieving lower device fabrication costs in some 
instances, while higher optical coupling may be required in 
other instances in spite of higher fabrication costs. In another 
example, higher optical loss (due to Scattering, absorption, 
undesirable optical coupling, and so on) may be an accept 
able trade-off for achieving lower device fabrication cost or 
Smaller device size in Some instances, while lower optical 
loss may be required in other instances in spite of higher 
fabrication costs and/or larger device size. Many other 
examples of Such trade-offs may be imagined. Optical 
devices and fabrication methods thereforas disclosed herein, 
and equivalents thereof, may therefore be implemented 
within tolerances of varying precision depending on Such 
“operationally acceptable' constraints or requirements. 
Phrases such as “substantially adiabatic”, “substantially 
spatial-mode-matched', 'so as to Substantially avoid unde 
sirable optical coupling, and so on as used herein shall be 
construed in light of this notion of “operationally accept 
able performance. 

Schematic plan views of exemplary embodiments of 
multiple-wavelength optical sources 1000 are shown in 
FIGS. 1–3. Multiple channel optical waveguide cores 1003 
are formed in a region of planar waveguide 1001. Each chan 
nel waveguide core 1003 is positioned to receive a corre 
sponding optical signal from a corresponding laser 1015. In 
FIG. 1, lasers 1015 comprise a set of individual lasers each 
independently assembled with the planar waveguide 1001. 
In FIG. 2, lasers 1015 comprise an integrated laser array that 
is assembled with the planar waveguide 1001. In FIG. 3, 
lasers 1015 are integrally formed on the planar waveguide 
1001. Drive current or electronic control signals may be 
delivered to lasers 1015 via electrical conductors 1019. Each 
corresponding channel waveguide includes a set of locking 
diffractive elements 1011. Each laser optical signal launched 
along the corresponding channel waveguide core 1003 is 
successively incident on the diffractive elements of the cor 
responding locking diffractive element set 1011. The lock 
ing diffractive element sets 1011 each route along the corre 
sponding channel waveguide core 1003 a fraction of the 
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laser optical signal launched by the corresponding laser 
1015 into the channel waveguide. The routed fraction of the 
optical signal is directed back to the laser to serve as a lock 
ing optical feedback signal. Each locking diffractive element 
set 1011 imparts onto the diffracted fraction of the optical 
signal a corresponding locking transfer function, which 
determines at least in part the operating wavelength range of 
the corresponding laser 1015. The spectral characteristics of 
the locking transfer function are independent of the operat 
ing current or other operating parameters of the laser, and the 
resulting optical feedback tends to substantially restrict the 
laser optical signal to a selected operating wavelength range 
in spite of variations in drive current or other laser operating 
parameters. 
The lasers 1015 may typically comprise semiconductor 

devices, wherein injection of drive current results in optical 
gain. The laser optical signals may be modulated by modula 
tion of the laser drive currents. The laser may include two 
reflectors (e.g. opposing facets of a semiconductor laser 
chip) and thereby form a resonant optical cavity for Support 
ing laser oscillation. In this instance the combination of the 
laser 1015 with the locking diffractive element set 1011 in 
the channel waveguide results in an external-cavity feedback 
laser, wherein a portion of the laser output from the laser 
oscillator is re-injected back through the output facet to sta 
bilize the laser within the wavelength range determined by 
the locking diffractive element set. In this instance, compen 
sation (active or passive) may be required so that longitudi 
nal modes of the laser resonant cavity and the external cavity 
Substantially coincide; otherwise, the laser output power or 
laser wavelength may fluctuate to an unacceptable degree as 
the respective longitudinal mode frequencies drift relative to 
one another. Alternatively, reflectivity of the front laser facet 
may be suppressed (by a suitable anti-reflection coating, for 
example, thereby diminishing or Suppressing laser oscilla 
tion Supported only within the laser chip), and the locking 
diffractive element set may serve as a laser resonator mirror. 
In this instance the laser 1015 and the channel waveguide 
with locking diffractive element sets 1011 together comprise 
a hybrid resonant optical cavity for Supporting laser oscilla 
tion within the wavelength range determined by the locking 
diffractive element set. Both of these scenarios shall fall 
within the scope of the present disclosure or appended 
claims. 

The diffractive elements may be formed in the channel 
waveguides in any suitable way, including but not limited to 
those listed hereinabove, and including but not limited to 
those disclosed in the incorporated references listed herein 
above. Examples are shown in FIGS. 4A 4D, which are 
schematic side cross-sectional views of diffractive elements 
in a planar waveguide 11. The planar waveguide in these 
embodiments is formed on a substrate 9 and comprises a 
core 5 surrounded by cladding 1 and 3. Diffractive elements 
8 may be formed within the core (FIG. 4A), in the cladding 
(FIG. 4B), on the cladding (FIG. 4C), at the interface 
between core and cladding (FIG. 4D), or any combination of 
these locations. The diffractive elements 8 may comprise 
core material (FIG. 4B: FIG. 4D, if the diffractive elements 
protrude into the cladding as shown), cladding material 
(FIGS. 4A and 4C; FIG. 4D, if the diffractive elements 
extend into the core), or one or more materials differing from 
the core material and the cladding material (FIGS. 4A 4D). 

The locking transfer functions may be determined by the 
particular arrangement of the elements of the corresponding 
locking diffractive element sets in each channel waveguide. 
A particular transfer function is chosen to yield the desired 
spectral or temporal characteristics for the optical feedback 
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10 
signal directed back to the laser, typically to restrict the laser 
optical signal to an operating wavelength range, or to other 
wise optimize performance of the feedback-locked laser. For 
example, such a feedback-locked laser may exhibit reduced 
wavelength fluctuations (within operationally acceptable 
limits) despite modulation of its drive current. The spectral 
locations wi, W2, Ms. . . . Wv of these operating wavelength 
ranges may be chosen in any desired fashion. In one 
example, operating wavelength ranges may be selected to 
Substantially correspond to operating wavelength channels 
of a wavelength-division-multiplexing (WDM) telecommu 
nications system, Such as the ITU telecommunications grid. 
If the set of operating wavelengths is spanned by the gain 
bandwidth of a single type of laser, then all of lasers 1015 
may be substantially identical, with each operating wave 
length determined by the corresponding locking diffractive 
element set. 
To provide an optical feedback signal at a given vacuum 

wavelength w, a periodic spacing between the diffractive ele 
ments of mi /2n, may be employed (where m is a non 
negative integer diffractive order, and n is the effective 
index of the channel waveguide). An example is shown sche 
matically in FIG. 5A, wherein substantially identical, sub 
stantially uniformly spaced diffractive elements 25 are pro 
vided along channel waveguide core 23. Desired spectral 
profiles of the locking transfer functions differing from that 
produced by a simple periodic diffractive element set may be 
achieved by manipulation of relative amplitude or phase (i.e. 
apodization) of portions of the optical signal diffracted by 
each element of the locking diffractive element sets, in turn 
achieved by proper relative arrangement of the diffractive 
elements in the planar waveguide. An example is shown in 
FIG. 5B, wherein the transverse extent of the diffractive ele 
ments 31 varies (introducing amplitude variation), and the 
spacing of the diffractive elements along channel waveguide 
core 29 varies as well (introducing phase variation, as at 30). 
This is described in hereinabove or disclosed in the refer 
ences incorporated hereinabove. While the strongest diffrac 
tion of the optical signal occurs for a first-order set of dif 
fractive elements (i.e. m=1), any diffractive order may be 
employed for providing the locking feedback optical signal. 
The overall reflectivity of the locking diffractive element 
sets may be selected to yield desired laser performance 
(within operationally acceptable limits), and may typically 
range between about 1% and about 50%. The appropriate 
choice of locking reflectivity depends on several variables, 
including laser drive current, laser power, laser cavity round 
trip optical gain or loss, optical losses or spurious reflectivity 
between the laser and the channel waveguide, and so on. 
The locking diffractive element sets may be positioned in 

the planar waveguide 1001 so that the optical round trip time 
between the back reflector of the laser and the distal end of 
the corresponding locking diffractive element set is less than 
the bit modulation period to be employed when using the 
lasers as data transmitters. For example, if the maximum 
desired data transmission rate is 2.5 Gbit/sec and the average 
effective index within the combined laser and channel 
waveguide cavity is about 1.5, then the total length (from 
back laser reflector to distal end of locking diffractive ele 
ment set) should be less than about 4 cm, typically between a 
few millimeters and about 2 cm. The reflective bandwidth of 
the locking diffractive element set may be chosen to be on 
the order of the longitudinal mode spacing of the combined 
laser and channel waveguide cavity; Smaller reflective band 
width may result in unacceptably large laser power fluctua 
tions as the cavity modes shift relative to the reflective band 
width. The reflective bandwidth should be sufficiently wide 
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to Support a desired laser modulation rate or modulation 
bandwidth. Reflectivity of the interface between the lasers 
1015 and the proximal ends of the channel waveguides may 
be chosen to yield desired laser performance. For example, it 
may be desirable to provide an anti-reflection coating (a 
single W/4 layer, a W4 stack, or other) between the laser and 
the proximal end of the channel waveguide (on a laser facet, 
or on the proximal end face of the channel waveguide). 
Alternatively, it may be desirable to provide enhanced 
reflectivity between the laser and the channel waveguide. It 
may be desirable to manipulate the launch conditions 
between the lasers 1015 and the proximal ends of the corre 
sponding channel waveguide cores 1003. For example, Spa 
tial mode matching may result in less optical loss, a greater 
fraction of the laser power being launched into the channel 
waveguide, and a higher level of locking feedback optical 
signal getting back to the laser. This may be achieved (within 
operationally acceptable limits) by Suitable configuration, 
adaptation, or arrangement of the laser or the proximal end 
of the channel waveguide core 1003, or by additional optical 
components employed between the laser and channel 
waveguide, Such as gradient or refractive lenses. 

The fractions of the laser optical signals that are transmit 
ted through the corresponding locking diffractive element 
sets constitute the outputs of the lasers. The transmitted frac 
tions propagate along the corresponding channel waveguide 
cores 1003, exit the corresponding distal ends thereof, and 
enter a slab optical waveguide region 1002 of the planar 
waveguide 1001 (FIGS. 1–3). In this region the transmitted 
fractions of the laser optical signals each propagate in two 
dimensions and impinge on routing diffractive element sets 
1027, which serve (along with distal portions of channel 
waveguide cores 1003, and channel waveguide core 1007) as 
means for routing the transmitted fractions of the laser opti 
cal signals between the corresponding laser and a corre 
sponding output port. The transmitted fractions of the laser 
optical signals are successively incident on the diffractive 
elements of the routing diffractive element sets 1027. The 
multiple routing sets of diffractive elements are each 
arranged to route at least a portion of the transmitted fraction 
of the corresponding laser optical signal to a corresponding 
output optical port. In the exemplary embodiments of FIGS. 
1-3, the distal ends of the channel waveguide cores 1003 
function as the corresponding input ports of the correspond 
ing diffractive element sets 1027. All of the routing diffrac 
tive element sets may route the corresponding optical signals 
to a single output port, or the routed optical signals may be 
routed among multiple output optical ports in any desired 
combination. An output optical port may comprise the end of 
a channel waveguide core 1007 formed on the planar 
waveguide 1001 (FIGS. 1 and 2), or may comprise a spatial 
beam size, beam shape, beam position, and beam propaga 
tion direction at an edge of the planar waveguide 1001 
(designated 1008 in FIG. 3). The routed portions of the cor 
responding laser optical signals may enter an optical fiber 
1023 positioned at the output port 1008 or at the end of 
channel waveguide core 1007, as the case may be. The out 
put port(s) may be located on the same edge of the planar 
waveguide 1001 as the lasers 1015 (FIG. 1), may be located 
on an adjacent edge of planar waveguide 1001 (FIGS. 2 and 
3), or may be located in any other Suitable location on an 
edge of planar waveguide 1001. If multiple routed portions 
of the laser optical signals are routed to a common optical 
output port, then the corresponding routing diffractive ele 
ment sets function as a multiplexer, and enable injection of 
multiple wavelength channels into a common optical fiber 
output. 
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The multiple routing diffractive element sets 1027 may 

comprise sets of curvilinear diffractive elements, with 
shapes chosen to route at least a portion of a diverging trans 
mitted fraction of the corresponding laser optical signal to a 
corresponding output port, within operationally acceptable 
limits. The selection of suitable diffractive element shapes is 
described hereinabove or disclosed in the references incor 
porated hereinabove. The distal end of the channel 
waveguide cores 1003 may be tapered (FIG. 6A) or flared 
(FIG. 6B), as desired, to yield desired divergence of the laser 
optical signals in the slab waveguide region 1002. The end of 
a channel waveguide core 1007, if present, may be tapered or 
flared, as desired, to accommodate convergence of the 
routed laser optical signals in the slab waveguide region 
1002. Within each routing diffractive element set, the dif 
fractive elements may be arranged to yield Substantially uni 
form phase shifts and substantially similar diffracted 
amplitudes, or may be arranged to yield various phase shifts 
and amplitudes to in turn yield a desired routing transfer 
function (i.e. desired apodization). The routing transfer 
function will typically overlap spectrally the corresponding 
locking transfer function imparted by the corresponding 
locking diffractive element set. The spacings or other 
arrangements of the routing diffractive elements are analo 
gous to those already described for the locking diffractive 
element sets, and are described hereinabove or disclosed in 
the references incorporated hereinabove. The multiple rout 
ing diffractive element sets may be longitudinally displaced 
relative to one another (i.e. 'stacked') and therefore occupy 
separate areal portions of the slab waveguide region 1002 of 
the planar waveguide 1001. Or, the multiple routing diffrac 
tive element sets may occupy overlapping areal portions of 
the slab waveguide region 1002 of planar waveguide 1001. 
Such overlapping sets of diffractive elements may be over 
laid or interleaved as disclosed in the references incorpo 
rated hereinabove. 

It is typically intended that the fraction of the laser optical 
signal transmitted by the corresponding locking diffractive 
element set is diffracted only by the corresponding routing 
diffractive element set (and a portion thereofthereby routed 
to the corresponding output port). In this way multiple laser 
optical signals at multiple corresponding, differing wave 
lengths from multiple corresponding lasers may be routed to 
the corresponding output ports, or to a single output port, by 
diffraction from the corresponding routing diffractive ele 
ment sets, even if the optical signals must propagate through 
other routing diffractive element sets. 
An exemplary use of a multiple-wavelength optical 

source, such as the exemplary embodiments of FIGS. 1-3, 
may be transmission of multiple wavelength-differentiated 
data channels into a single output port or into a single output 
optical fiber. Another exemplary use is Switching of a single 
data channel among multiple carrier wavelengths, by elec 
tronic Switching of an electronic modulation signal among 
the various lasers of the multiple-wavelength source. These 
uses or other uses of the multiple-wavelength optical sources 
shall fall within the scope of the present disclosure or 
appended claims. 

Since the locking diffractive element sets and the corre 
sponding routing diffractive element sets are all formed on 
the same planar optical waveguide, it may be possible to 
form them in a single lithographic step or sequence. For 
example, all of the locking and routing diffractive elements 
may be defined on a common mask used to form the diffrac 
tive elements on the planar waveguide. The spectral charac 
teristics of each locking diffractive element set and its corre 
sponding routing diffractive element set, as well as the 
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relative wavelength offsets of the various locking diffractive 
element sets (e.g. to match a corresponding wavelength 
channel spacing of a WDM system), may be very precisely 
set during the fabrication of Such a mask. Once formed, any 
shifting of spectral characteristics of the various diffractive 
element sets due to environmental influences (such as 
temperature-induced wavelength shifts due to thermo-optic 
effects or thermal expansion of the planar waveguide) are 
well-correlated with one another, since all are formed on a 
common planar waveguide. If precise control of the absolute 
wavelengths is desired, a single temperature control mecha 
nism may be employed for temperature stabilizing the planar 
waveguide, and all the diffractive element sets thereon. Such 
temperature control may be achieved by any suitable means, 
including any Suitable temperature sensor, heat source, or 
feedback circuit, or other mechanism. The multiple 
wavelength optical source may then be temperature-tuned to 
the desired wavelengths, or may be stabilized at a desired 
temperature or operating wavelengths. 

In the exemplary embodiment of FIG. 7, each locking 
diffractive element set 1011 includes at least a section of 
higher-order diffractive elements 1051 (not visible in FIG.7: 
shown in the schematic cross-section of FIG. 8), for redirect 
ing a portion of the corresponding laser optical signal out of 
the planar waveguide. While the redirected portion of the 
optical signal represents optical loss during propagation 
along the channel waveguide, this redirected signal portion 
may be useful for monitoring the optical power level propa 
gating along the channel waveguide. Photodetectors 1047 
may be positioned above the higher-order section of diffrac 
tive elements 1051 for receiving the redirected portion of the 
optical signal. While any higher-order diffractive element set 
(i.e., higher than first order) will redirect a portion of the 
optical signal out of the planar waveguide, even-order dif 
fractive element sets redirect at least one portion vertically 
from the planar waveguide, which may then be more effi 
ciently collected by the photodetector. In the exemplary 
embodiment of FIG. 8, most of the locking diffractive ele 
ment set 1011 is first-order (element spacing of /2n), and 
the higher-order section 1051 is second-order (element spac 
ing of Wn). 

Photodetectors 1047 may be assembled individually onto 
the planar waveguide 1001 over the corresponding higher 
order sections 1051 of the diffractive element sets 1011, or 
the photodetectors may comprise an integrated photodetec 
tor array assembled onto the planar waveguide 1001. 
Alternatively, photodetectors 1047 may be integrated 
directly into the planar waveguide 1001, above or below the 
higher-order section of diffractive elements. The signals 
generated by the photodetectors 1047 may be used to mea 
Sure the optical signal power propagating through the chan 
nel waveguides for monitoring, diagnostics, trimming, sig 
nal normalization, feedback control, or for other purposes. 
For example, the planar waveguide may further comprise 
multiple corresponding variable optical attenuators 1043 for 
controlling the optical power level propagating through the 
segments of the corresponding channel waveguides distal to 
the attenuators. The attenuators 1043 may be operatively 
coupled to the corresponding photodetectors 1047 through a 
feedback circuit for maintaining the laser optical signal level 
reaching the corresponding routing diffractive element sets 
1027 within a selected operating range. Alternatively, the 
signals generated by the photodetectors 1047 may be used as 
a feedback signal for controlling the laser drive current to the 
corresponding lasers 1015. These and any other suitable 
feedback mechanisms shall fall within the scope of the 
present disclosure or appended claims. Higher-order diffrac 
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14 
tive elements (for redirecting portions of the laser optical 
signals) or photodetectors may be positioned elsewhere 
besides the locking diffractive element sets. For example, the 
routing diffractive element sets may include higher-order 
sections, or other portions of channel waveguide cores 1003 
or 1007 (instead of segments thereof having the locking dif 
fractive element sets) may be provided with a higher-order 
set of diffractive elements for redirecting portions of the 
laser optical signals onto photodetectors. Any Suitable loca 
tion for positioning higher-order diffractive elements for 
redirecting portions of the laser optical signals to corre 
sponding photodetectors shall fall within the scope of the 
present disclosure or appended claims. 

In the exemplary embodiment illustrated schematically in 
FIG. 9, the locking diffractive element sets 1011 comprise 
curvilinear diffractive elements formed in the slab optical 
waveguide region 1002. The laser optical signals emerge 
from the distal ends of channel waveguide cores 1003, 
propagate in two dimensions through slab waveguide region 
1002, and are successively incident on the locking diffrac 
tive elements of the corresponding sets 1011. The schematic 
cross-sectional views of FIGS. 4A 4D may represent curvi 
linear locking diffractive elements sets 1011. The curvilinear 
diffractive elements are shaped to redirect a fraction of the 
laser optical signal back to the laser with a locking transfer 
function, in a manner analogous to that described herein 
above for locking diffractive element sets formed in channel 
waveguides. Suitable curvilinear shapes may be determined 
in a manner analogous to those used for determining the 
curvilinear shapes of the routing diffractive element sets, as 
described hereinabove or disclosed in the references incor 
porated hereinabove. The fractions of the corresponding 
laser optical signals transmitted by the corresponding lock 
ing diffractive element sets are successively incident on the 
elements of the corresponding routing diffractive element 
sets 1027, which route portions of the corresponding laser 
optical signals to corresponding output port(s). The channel 
waveguide cores 1003 may be omitted completely, with the 
lasers 1015 launching the corresponding laser optical signals 
directly into slab waveguide region 1002. The curvilinear 
locking diffractive elements sets may include higher-order 
sections thereof, for directing a portion of the corresponding 
laser optical signals out of the planar waveguide, and corre 
sponding photodetectors may be positioned for receiving 
these corresponding redirected portions. The curvilinear 
locking diffractive element sets may be stacked, overlaid, or 
interleaved in a manner analogous to that described herein 
above for the routing diffractive element set, or disclosed in 
the references incorporated hereinabove. 

In the exemplary embodiment of FIG. 10, the routing 
means for routing the laser optical signals from the corre 
sponding lasers 1015 to the corresponding output port 
(channel waveguide 1009 in this example) comprises an 
arrayed-waveguide grating 1029 formed on planar 
waveguide 1001 (along with distal portions of channel 
waveguide cores 1003, and channel waveguide core 1009). 
Locking diffractive element sets 1011 formed along corre 
sponding channel waveguide cores 1003 provide corre 
sponding locking feedback signals to the corresponding 
lasers 1015. The arrayed-waveguide grating (AWG; also 
referred to as a phased array or phased waveguide array) 
may be implemented in a variety of ways known in the art, 
so that the fractions of the corresponding laser optical sig 
nals transmitted by the corresponding locking diffractive 
element sets 1011 and propagating along corresponding 
channel waveguide cores 1003 are routed to corresponding 
output port(s). Various other aspects of the multiple 
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wavelength optical source may be modified as already 
described herein: lasers 1015 may comprise individual lasers 
assembled with the planar waveguide, an integrated array of 
lasers assembled with the planar waveguide, or lasers inte 
grated into the planar waveguide; locking diffractive element 
sets 1011 may include corresponding higher-order sections 
for redirecting portions of the corresponding laser optical 
signals out of the planar waveguide 1001; other portions of 
channel waveguide cores 1003, waveguide core 1009, or the 
AWG 1029 may include corresponding higher-order sec 
tions for redirecting portions of the corresponding laser opti 
cal signals out of the planar waveguide 1001; corresponding 
photodetectors may receive redirected portions of the corre 
sponding optical signals; photodetectors may comprise indi 
vidual photodetectors assembled with the planar waveguide, 
an integrated array of photodetectors assembled with the 
planar waveguide, or photodetectors integrated into the pla 
nar waveguide; photodetector signals may provide feedback 
control of laser optical signal power; the multiple laser opti 
cal signals may be directed to one or more output optical 
ports; or laser optical signals directed to output ports may 
enter corresponding optical fibers. 
A wide variety of materials may be employed for forming 

the planar waveguide and the locking diffractive element 
sets, channel waveguides, slab waveguide, routing diffrac 
tive element sets, arrayed-waveguide gratings, or other ele 
ments of a multiple-wavelength optical source, and any Suit 
able material or combination of materials shall fall within 
the Scope of the present disclosure or appended claims. A 
common material combination is a silicon Substrate with 
silica cladding (doped or undoped as appropriate) and with 
doped silica or silicon nitride or silicon oxynitride 
waveguide cores. If lasers or photodetectors are to be inte 
grated into the planar waveguide, Suitable materials must be 
chosen for the planar waveguide that are compatible with 
laser or photodetector materials at the operating wavelengths 
of the device. For typical telecommunications wavelengths, 
these will typically include III-V semiconductors or various 
alloys thereof. 
Whether integrated into the planar waveguide, or 

assembled with the planar waveguide as an integrated array, 
lasers or photodetectors are subject to yield limitations in 
their manufacture. So that a single Sub-standard laser orpho 
todetector does not result in rejection of an entire array, 
arrays may be constructed with extra lasers or photodetec 
tors. The planar waveguide may be fabricated with extra 
locking diffractive element sets and extra routing means to 
accommodate these extra lasers or photodetectors. In this 
way, if a laser or photodetector of an array is bad, the array 
may still be used. The corresponding electronic channels are 
simply Switched on or off accordingly, to only use channels 
having a good laser or a good photodetector. 

In the present disclosure or appended claims, the conjunc 
tion “or” is to be construed inclusively (e.g., “a dog or a cat' 
would be interpreted as “a dog, or a cat, or both': Bryan A. 
Garner, Elements of Legal Style p. 103, 2nd ed. 2002), 
unless: i) it is explicitly stated otherwise, e.g., by use of 
“either-or”, “only one of, or similar language; or ii) two or 
more of the listed alternatives are mutually exclusive within 
the specific context, in which case 'or' would encompass 
only those combinations involving non-mutually-exclusive 
alternatives, if any. 

It should be noted that many of the embodiments depicted 
in this disclosure are only shown Schematically, and that not 
all the features may be shown in full detail or in proper 
proportion or location. Certain features or structures may be 
exaggerated relative to others for clarity. In particular, it 
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should be noted that the numbers of diffractive elements in 
an actual device may typically be larger than that shown in 
the Figures. The numbers of diffractive elements is reduced 
in the Figures for clarity. It should be further noted that the 
embodiments shown in the Figures are exemplary only, and 
should not be construed as specifically limiting the scope of 
the written description or the claims set forth herein. It is 
intended that equivalents of the disclosed exemplary 
embodiments or methods shall fall within the scope of the 
present disclosure. It is intended that the disclosed exem 
plary embodiments or methods, or equivalents thereof, may 
be modified while remaining within the scope of the present 
disclosure or appended claims. 
What is claimed is: 
1. A method for forming an optical apparatus, comprising: 
forming a planar optical waveguide Substantially confin 

ing in at least one transverse spatial dimension optical 
signals propagating therein; 

forming at least one set of locking diffractive elements in 
or on the planar optical waveguide; 

forming means for routing an optical signal correspond 
ing to at least one said set of locking diffractive ele 
ments; and 

positioning a laser corresponding to at least one said set of 
locking diffractive elements so as to launch a corre 
sponding laser optical signal into the planar optical 
waveguide so that the corresponding laser optical signal 
is successively incident on the diffractive elements of 
the corresponding locking diffractive element set, 

wherein: 

each locking diffractive element set routes within the pla 
nar optical waveguide a fraction of the corresponding 
laser optical signal back to the corresponding laser, 
with a corresponding locking transfer function, as a 
corresponding locking optical feedback signal, thereby 
Substantially restricting the corresponding laser optical 
signal to a corresponding laser operating wavelength 
range determined at least in part by the corresponding 
locking transfer function of the corresponding locking 
diffractive element set; and 

each corresponding routing means routes within the pla 
nar optical waveguide, between the corresponding laser 
and a corresponding output optical port with a corre 
sponding routing transfer function, at least a portion of 
that fraction of the corresponding laser optical signal 
that is transmitted by the corresponding locking diffrac 
tive element set. 

2. The method of claim 1, further comprising forming 
multiple sets of locking diffractive element sets and multiple 
corresponding routing means, and positioning multiple cor 
responding lasers so as to launch corresponding laser optical 
signals into the planar optical waveguide so that the corre 
sponding laser optical signals are successively incident on 
the diffractive elements of the corresponding locking dif 
fractive element sets. 

3. The method of claim 2, wherein the multiple lasers 
comprise a set of individual lasers each assembled with the 
planar optical waveguide. 

4. The method of claim 2, wherein the multiple lasers 
comprise an integrated laser array assembled with the planar 
optical waveguide. 

5. The method of claim 2, wherein the multiple lasers are 
integrated into the planar optical waveguide. 

6. The method of claim 5, wherein the planar optical 
waveguide and the multiple lasers integrated therein com 
prise semiconductor materials. 
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7. The method of claim 2, further comprising positioning 
multiple corresponding monitor photodetectors for receiving 
portions of the corresponding laser optical signals that 
propagate out of the planar optical waveguide. 

8. The method of claim 7, wherein each locking diffrac 
tive element set comprises a corresponding higher-order set 
of diffractive elements for redirecting a portion of the corre 
sponding laser optical signal to propagate out of the planar 
optical waveguide and impinge on the corresponding moni 
tor photodetector. 

9. The method of claim 7, wherein each routing means 
comprises a corresponding higher-order set of diffractive 
elements for redirecting a portion of the corresponding laser 
optical signal to propagate out of the planar optical 
waveguide and impinge on the corresponding monitor pho 
todetector. 

10. The method of claim 7, further comprising operatively 
coupling multiple corresponding feedback mechanisms to 
the corresponding monitor photodetectors for controlling 
power of the corresponding laser optical signals transmitted 
by the corresponding locking diffractive element sets. 

11. The method of claim 2, further comprising forming 
multiple corresponding channel optical waveguides in the 
planar optical waveguide and positioning said corresponding 
channel waveguides for receiving the corresponding laser 
optical signals launched from the corresponding lasers into 
the planar optical waveguide, wherein the corresponding 
locking diffractive element sets route within the correspond 
ing channel optical waveguides the corresponding fractions 
of the corresponding laser optical signals back to the corre 
sponding lasers. 

12. The method of claim 11, further comprising forming 
the corresponding channel optical waveguides with tapered 
or flared end segments for delivering to the corresponding 
routing means the portions of the corresponding laser optical 
signals transmitted by the corresponding locking diffractive 
element sets. 

13. The method of claim 2, further comprising forming a 
slab waveguide region in the planar optical waveguide and 
positioning said slab waveguide region for receiving the cor 
responding laser optical signals launched from the corre 
sponding lasers into the planar optical waveguide, wherein 
the corresponding locking diffractive element sets route 
within the slab waveguide region the corresponding frac 
tions of the corresponding laser optical signals back to the 
corresponding lasers. 

14. The method of claim 13, further comprising overlay 
ing the corresponding locking diffractive element sets. 

15. The method of claim 13, further comprising displac 
ing longitudinally the corresponding locking diffractive ele 
ment sets relative to one another. 

16. The method of claim 13, further comprising interleav 
ing the corresponding locking diffractive element sets. 

17. The method of claim 13, further comprising forming 
the diffractive elements of the multiple locking diffractive 
sets So as to comprise curvilinear diffractive elements. 

18. The method of claim 2, wherein the corresponding 
laser operating wavelength ranges Substantially correspond 
to operating wavelength channels of a WDM telecommuni 
cations system. 

19. The method of claim 2, further comprising forming 
the planar optical waveguide So as to comprise a core and 
cladding, and forming the diffractive elements of the mul 
tiple locking diffractive element sets in the core, in the 
cladding, on the cladding, or at an interface between the core 
and the cladding. 

20. The method of claim 2, further comprising forming 
the multiple corresponding routing means: 
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So as to comprise multiple corresponding routing diffrac 

tive element sets formed in a slab optical waveguide 
region of the planar optical waveguide; and 

so that the corresponding fractions of the corresponding 
laser optical signals transmitted by the corresponding 
locking diffractive element sets are successively inci 
dent on the diffractive elements of the corresponding 
routing diffractive element sets. 

21. The method of claim 20, further comprising overlay 
ing the corresponding routing diffractive element sets. 

22. The method of claim 20, further comprising displac 
ing longitudinally the corresponding routing diffractive ele 
ment sets relative to one another. 

23. The method of claim 20, further comprising interleav 
ing the corresponding routing diffractive element sets. 

24. The method of claim 20, further comprising forming 
the corresponding routing diffractive element sets so that the 
corresponding portions of the multiple corresponding laser 
optical signals transmitted by the corresponding locking dif 
fractive element sets are routed by the corresponding routing 
diffractive element sets to a common output optical port. 

25. The method of claim 20, further comprising position 
ing at least one optical fiber for receiving from the planar 
optical waveguide the corresponding portions of the multiple 
corresponding laser optical signals transmitted by the corre 
sponding locking diffractive element sets and routed by the 
corresponding routing diffractive element sets to the corre 
sponding output optical ports. 

26. The method of claim 20, further comprising forming 
the diffractive elements of the multiple routing diffractive 
sets so as to comprise curvilinear diffractive elements. 

27. The method of claim 20, further comprising forming 
the planar optical waveguide so as to comprise a core and 
cladding, and forming the diffractive elements of the mul 
tiple routing diffractive element sets in the core, in the 
cladding, on the cladding, or at an interface between the core 
and the cladding. 

28. The method of claim 2, further comprising forming 
the multiple corresponding routing means So as to comprise 
an arrayed waveguide grating in the planar optical 
waveguide. 

29. The method of claim 28, further comprising forming 
the arrayed waveguide grating so as to route the correspond 
ing portions of the multiple corresponding laser optical sig 
nals transmitted by the corresponding locking diffractive 
element sets to a common output optical port. 

30. The method of claim 28, further comprising position 
ing at least one optical fiber for receiving from the planar 
optical waveguide the corresponding portions of the multiple 
corresponding laser optical signals transmitted by the corre 
sponding locking diffractive element sets and routed by the 
arrayed waveguide grating to the corresponding output opti 
cal ports. 

31. The method of claim 2, further comprising operatively 
coupling a temperature controller to the planar optical 
waveguide for maintaining the planar optical waveguide 
Substantially within an operating temperature range. 

32. A method of forming an optical apparatus, the method 
comprising: 

forming an optical waveguide, 
forming at least a first set of diffractive elements in or on 

the optical waveguide, wherein each diffractive element 
of the at least the first set is formed to route, as a corre 
sponding optical feedback signal and within the optical 
waveguide, a first fraction of a corresponding optical 
signal incident thereon, and wherein each diffractive 
element of the at least the first set is filrther formed to 
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transmit a second fraction of the corresponding optical 
signal incident thereon, and 

forming a second set of diffractive elements, wherein each 
diffractive element of the second set is formed to route, 
within the optical waveguide, the corresponding second 5 
fraction transmitted by each diffractive element of the at 
least the first set, 

wherein each diffractive element of the at least the first set 
is further formed to impart a corresponding first trans 
fer function onto the corresponding optical feedback 
signal to substantially restrict the corresponding Opti 
cal signal to a corresponding wavelength range deter 
mined at least in part by the corresponding first trans 
fer fitnction. 

33. The method of claim 32, filrther comprising position 
ing an optical source corresponding to the at least the first 
set of diffractive elements so as to launch the corresponding 
optical signal into the optical waveguide. 

34. The method of claim 33 wherein each diffractive ele 
ment of the second set is formed to route the corresponding 
second fraction between the corresponding optical source 
and a corresponding output optical port, and wherein each 
diffractive element of the second set is further formed to 
impart a corresponding second transfer finction onto the 
corresponding second fraction. 

35. A method of operating an optical apparatus, the 
method comprising: 

receiving an input optical signal in an optical waveguide, 
routing as an optical feedback signal, within the optical 

waveguide and by at least a first set of diffractive ele 
ments formed in or on the optical waveguide, a first 
fraction of the received input optical signal 

imparting, by the at least the first set of diffractive 
elements, a first transfer function onto the optical feed 
back signal to substantially restrict the input optical 
signal to a wavelength range determined at least in part 
by the first transfer function, 

transmitting, by the at least the first set of diffractive 
elements, a second fraction of the received optical input a 
Signal and 

routing, within the optical waveguide and by a second set 
of diffractive elements, the transmitted second fraction 
to an optical port. 

36. The method of claim 35, further comprising imparting, 45 
by the second set of diffractive elements, a second transfer 
fitnction onto the second fraction routed to the optical port. 

37. The method of claim 35 wherein said receiving the 
input optical signal includes receiving a plurality of input 
optical signals from a corresponding plurality of optical so 
SOttPCeS, 

wherein said routing as the optical feedback signal 
includes routing a plurality of optical feedback signals 
by a corresponding plurality of the at least the first set 
of diffractive elements, 55 

wherein said imparting the first transfer fianction includes 
imparting, by the corresponding plurality of the at least 
the first set of diffractive elements, a corresponding plu 
rality of first transfer fitnctions onto the plurality of 
optical feedback signals to substantially restrict the 60 
plurality of input optical signals to corresponding 
wavelength ranges determined at least in part by the 
corresponding plurality of first transfer fitnctions. 

38. The method of claim 35 wherein said routing the first 
fraction, by the at least the first set of diffractive elements, 65 
includes routing the first fraction within a channel 
waveguide formed within the optical waveguide, and 
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wherein the at least the first set of diffractive elements is 
formed within the channel waveguide. 

39. An optical apparatus, comprising: 
an optical waveguide, 
at least a first set of diffractive elements formed in or on 

the optical waveguide, wherein each diffractive element 
of the at least the first set is configured to route, as a 
corresponding optical feedback signal and within the 
optical waveguide, a first fraction of a corresponding 
optical signal incident thereon, and wherein each dif 
fractive element of the at least the first set is further 
configured to transmit a second fraction of the corre 
sponding optical signal incident thereon, and 

a second set of diffractive elements, wherein each diffrac 
tive element of the second set is configured to route, 
within the optical waveguide, the corresponding second 
fraction transmitted by each diffractive element of the at 
least the first set, 

wherein each diffractive element of the at least the first set 
is firther configured to impart a corresponding first 
transfer function onto the corresponding optical feed 
back signal to substantially restrict the corresponding 
optical signal to a corresponding wavelength range 
determined at least in part by the corresponding first 
transfer fitnction. 

40. The apparatus of claim 39 wherein the diffractive ele 
ments of the at least the first set are formed in a channel 
waveguide located in a first region of the optical waveguide, 
and wherein the diffractive elements of the second set are 
formed in a slab waveguide located in a second region of the 
optical waveguide. 

41. The apparatus of claim 39, filrther comprising at least 
One optical source configured to provide the corresponding 
optical signal to the at least the first set of diffractive ele 
ments formed in or on the optical waveguide. 

42. The apparatus of claim 39, further comprising a plu 
rality of photodetectors each configured to receive the corre 
sponding second fraction routed by the second set of diffrac 
tive elements. 

43. The apparatus of claim 39 wherein each diffractive 
element of the second set is further configured to impart a 
corresponding second transfer function onto the corre 
sponding second fraction. 

44. An apparatus, comprising: 
optical waveguide means for receiving an input optical 

Signal 
at least a first set of diffractive element means for routing, 

as an optical feedback signal and within the optical 
waveguide means, a first fraction of the received input 
optical signal, for imparting a first transfer function 
onto the optical feedback signal to substantially restrict 
the input optical signal to a wavelength range deter 
mined at least in part by the first transfer function, and 
for transmitting a second fraction of the received opti 
cal input signal and 

a second set of diffractive element means for routing, 
within the optical waveguide means, the transmitted 
second fraction to an optical port. 

45. The apparatus of claim 44 wherein the at least the first 
set of diffractive element means is formed in a channel 
waveguide located in a first region of the optical waveguide 
means, and wherein the second set of diffractive element 
means is formed in a slab waveguide located in a second 
region of the optical waveguide means. 

46. The apparatus of claim 44, filrther comprising at least 
One optical source means for launching at least a corre 
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sponding portion of the input optical signal into the optical 
waveguide means. 

47. The apparatus of claim 44, filrther comprising a plu 
rality of detector means for receiving the second fraction 
transmitted to the optical port by the second set of diffractive 
element means. 

48. A system, comprising: 
a plurality of optical sources to respectively provide cor 

responding input optical signals, and 
an optical waveguide that includes: 

at least a first set of diffractive elements, wherein each 
diffractive element of the at least the first set is con 
figured to route, as a corresponding optical feedback 
signal and within the optical waveguide, a first frac 
tion of a corresponding input optical signal incident 
thereon, and wherein each diffractive element of the 
at least the first set is firther configured to transmit a 
second fraction of the corresponding optical signal 
incident thereon, and 

a second set of diffractive elements, wherein each dif 
fractive element of the second set is configured to 
route, within the optical waveguide, the correspond 
ing second fraction transmitted by each diffractive 
element of the at least the first set, 
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wherein each diffractive element of the at least the first set 

is firther configured to impart a corresponding first 
transfer function onto the corresponding optical feed 
back signal to substantially restrict the corresponding 
optical signal to a corresponding wavelength range 
determined at least in part by the corresponding first 
transfer fitnction, and 

wherein each corresponding wavelength range substan 
tially corresponds to an operating wavelength channel. 

49. The system of claim 48 wherein each said operating 
wavelength channel is a channel of a wavelength division 
multiplexing (WDM) system. 

50. The system of claim 48 wherein the plurality of optical 
sources includes a plurality of lasers. 

51. The system of claim 49, filrther comprising a plurality 
of detectors each configured to receive the corresponding 
second fraction routed by the second set of diffractive ele 
inent S. 
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