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1. 

RECONFIGURABLE OPTICAL ADD-DROP 
MULTIPLEXER INCORPORATING SETS OF 

DFFRACTIVE ELEMENTS 

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. 

BENEFIT CLAIMS TO RELATED 
APPLICATIONS 

This application claims benefit of prior-filed co-pending 
provisional App. No. 60/666,042 filed Mar. 28, 2005, said 
provisional application being hereby incorporated by refer 
ence as if fully set forth herein. 

BACKGROUND 

The field of the present invention relates to optical add 
drop multiplexers. In particular, disclosed herein are various 
embodiments of a reconfigurable optical add-drop multi 
plexer incorporating one or more sets of diffractive elements. 

Various embodiments, implementations, and adaptations 
of planar optical waveguides with diffractive element sets are 
disclosed in: 

Application Ser. No. 1 1/376,714, entitled “Etched surface 
gratings fabricated using computed interference 
between simulated optical signals and reduction lithog 
raphy” filed Mar. 14, 2006 in the names of Thomas W. 
Mossberg, Dmitri Iazikov, and Christoph M. Greiner; 

Application Ser. No. 1 1/371.339, entitled “Integrated opti 
cal sensor, measurement system and optical detection 
methods' filed Mar. 7, 2006 in the names of Dmitri 
Iazikov, Christoph M. Greiner, and Thomas W. Moss 
berg; 

Application Ser. No. 1 1/361,407 filed Feb. 23, 2006 in the 
name of Thomas W. Mossberg; 

Application Ser. No. 1 1/334,039 filed Jan. 17, 2006 in the 
names of Thomas W. Mossberg, Christoph M. Greiner, 
and Dmitri Iazikov; 

Application Ser. No. 1 1/298.290 filed Dec. 9, 2005 in the 
names of Thomas W. Mossberg, Dmitri Iazikov, and 
Christoph M. Greiner; 

Application Ser. No. 1 1/280,876 filed Nov. 15, 2005 in the 
names of Christoph M. Greiner, Dmitri Iazikov, and 
Thomas W. Mossberg: 

Application Ser. No. 1 1/239,540 filed Sep. 28, 2005 in the 
name of Thomas W. Mossberg (now U.S. Pat. No. 7,009, 
743 issued Mar. 7, 2006): 

Application Ser. No. 1 1/213,345 filed Aug. 25, 2005 in the 
names of Christoph M. Greiner, Dmitri Iazikov, and 
Thomas W. Mossberg: 

Application Ser. No. 1 1/210,439 filed Aug. 23, 2005 in the 
names of Dmitri Iazikov, Christoph M. Greiner, and 
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Application Ser. No. 1 1/155,327 filed Jun. 16, 2005 in the 
names of Christoph M. Greiner, Thomas W. Mossberg, 
and Dmitri Iazikov; 

Application Ser. No. 1 1/076.251 filed Mar. 8, 2005 in the 
name of Thomas W. Mossberg; 

Application Ser. No. 11/062,109 filed Feb. 17, 2005 in the 
names of Christoph M. Greiner, Thomas W. Mossberg, 
and Dmitri Iazikov; 
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Application Ser. No. 11/055,559 filed Feb. 9, 2005 in the 
names of Christoph M. Greiner, Thomas W. Mossberg, 
and Dmitri Iazikov; 

Application Ser. No. 11/021,549 filed Dec. 23, 2004 in the 
names of Dmitri Iazikov, Christoph M. Greiner, and 
Thomas W. Mossberg; 

Application Ser. No. 10/998,185 filed Nov. 26, 2004 in the 
names of Dmitri Iazikov, Christoph M. Greiner, and 
Thomas W. Mossberg (now U.S. Pat. No. 6,993,223 
issued Jan. 31, 2006); 

Application Ser. No. 10/989,244 filed Nov. 15, 2004 in the 
names of Christoph M. Greiner, Thomas W. Mossberg, 
and Dmitri Iazikov (now U.S. Pat. No. 6.961,491 issued 
Nov. 1, 2005): 

Application Ser. No. 10/989,236 filed Nov. 15, 2004 in the 
names of Christoph M. Greiner, Dmitri Iazikov, and 
Thomas W. Mossberg (now U.S. Pat. No. 6,965,716 
issued Nov. 15, 2005); 

Application Ser. No. 10/923,455 filed Aug. 21, 2004 in the 
names of Thomas W. Mossberg, Dmitri Iazikov, and 
Christoph M. Greiner; 

Application Ser. No. 10/898,527 filed Jul. 22, 2004 in the 
named of Dmitri Iazikov, Christoph M. Greiner, and 
Thomas W. Mossberg; 

Application Ser. No. 10/857,987 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 issued Jan. 24, 2006); 

Application Ser. No. 10/842,790 filed May 11, 2004 in the 
names of Thomas W. Mossberg, Christoph M. Greiner, 
and Dmitri Iazikov (now U.S. Pat. No. 6,987,911 issued 
Jan. 17, 2006): 

Application Ser. No. 10/798,089 filed Mar. 10, 2004 in the 
names of Christoph M. Greiner, Thomas W. Mossberg, 
and Dmitri Iazikov (now U.S. Pat. No. 6,823,115 issued 
Nov. 23, 2004); 

Application Ser. No. 10/794,634 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 
issued Jan. 10, 2006); 

Application Ser. No. 10/740,194 filed Dec. 17, 2003 in the 
names of Dmitri Iazikov, Thomas W. Mossberg, and 
Christoph M. Greiner; 

Application Ser. No. 10/653,876 filed Sep. 2, 2003 in the 
names of Christoph M. Greiner, Dmitri Iazikov, and 
Thomas W. Mossberg (now U.S. Pat. No. 6,829,417 
issued Dec. 7, 2004); 

Application Ser. No. 10/602,327 filed Jun. 23, 2003 in the 
name of Thomas W. Mossberg (now U.S. Pat. No. 6,859, 
318 issued Feb. 22, 2005): 

Application Ser. No. 10/229,444 filed Aug. 27, 2002 in the 
names of Thomas W. Mossberg and Christoph M. 
Greiner (now U.S. Pat. No. 6,678,429 issued Jan. 13, 
2004); 

Application Ser. No. 09/843,597 filed Apr. 26, 2001 in the 
name of Thomas W. Mossberg (now U.S. Pat. No. 6,965, 
464 issued Nov. 15, 2005): 

Application Ser. No. 09/811,081 filed Mar. 16, 2001 in the 
name of Thomas W. Mossberg (now U.S. Pat. No. 6,879, 
441 issued Apr. 12, 2005). 

Each of said applications and patents is hereby incorpo 
rated by reference as if fully set forth herein. For one or more 
of the references incorporated hereinabove, it may be the case 
that the devices, structures, embodiments, implementations, 
adaptations, procedures, or techniques disclosed therein may 
be employed, within the scope of the present disclosure or 
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appended claims, for implementing a reconfigurable optical 
add-drop multiplexer incorporating one or more diffractive 
element sets. 

SUMMARY 

An exemplary reconfigurable optical add-drop multiplexer 
(R-OADM) comprises: a slab optical waveguide; a first group 
of multiple diffractive element sets formed in or on the slab 
waveguide; a second group of multiple diffractive element 
sets formed in or on the slab waveguide; and a group of 
multiple channel waveguides. Each channel waveguide of the 
group is arranged for routing an optical signal between a 
corresponding diffractive element set of the first group and a 
corresponding diffractive element set of the second group. 
Each channel waveguide of the group includes corresponding 
means for back-reflecting an optical signal propagating along 
the waveguide. Each back-reflecting means is Switchable 
between a transmitting operational state and a reflecting 
operational state independently of operational states of the 
other back-reflecting means. Each diffractive element set of 
the first group is arranged so as to route an optical signal 
within a corresponding wavelength band between a first opti 
cal port and the corresponding channel waveguide; each dif 
fractive element set of the second group is arranged so as to 
route the optical signal within the corresponding wavelength 
band between a second optical port and the corresponding 
channel waveguide. 

Each diffractive element set of the first group, the corre 
sponding channel waveguide, and the corresponding diffrac 
tive element set of the second group arearranged so as to route 
an optical signal entering the slab waveguide through the first 
optical port within the corresponding wavelength band to the 
corresponding channel waveguide, transmit through the cor 
responding channel waveguide the optical signal thus routed 
if the corresponding back-reflecting means is in the transmit 
ting operational state, and route the optical signal thus trans 
mitted to exit through the second optical port. In addition: 
each diffractive element set of the first group and the corre 
sponding channel waveguide are arranged so as to route an 
optical signal entering the slab waveguide through the first 
optical port within the corresponding wavelength band to the 
corresponding channel waveguide, back-reflect within the 
corresponding channel waveguide the optical signal thus 
routed if the corresponding back-reflecting means is in the 
reflecting operational State, and route the optical signal thus 
back-reflected to exit through the first optical port; or each 
diffractive element set of the second group and the corre 
sponding channel waveguide are arranged so as to route an 
optical signal entering the slab waveguide through the second 
optical port within the corresponding wavelength band to the 
corresponding channel waveguide, back-reflect within the 
corresponding channel waveguide the optical signal thus 
routed if the corresponding back-reflecting means is in the 
reflecting operational State, and route the optical signal thus 
back-reflected to exit through the second optical port. 
An exemplary method for using this R-OADM comprises: 

independently setting each back-reflecting means to either 
the reflecting operational state or the transmitting operational 
state; receiving into the slab waveguide an input optical signal 
entering through the first optical port; and receiving from the 
second optical port each corresponding wavelength channel 
of the input optical signal for which the corresponding back 
reflecting means is in the transmitting operational state. An 
exemplary method may further comprise: receiving from the 
first optical port each corresponding wavelength channel of 
the first input optical signal for which the corresponding 
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4 
back-reflecting means is in the reflecting operational state; or 
receiving into the slab waveguide a second optical signal 
entering through the second optical port, and receiving from 
the second optical port each corresponding wavelength chan 
nel of the second input optical signal for which the corre 
sponding back-reflecting means is in the reflecting opera 
tional state. An exemplary method for forming the R-OADM 
comprises: forming the first group of multiple diffractive 
element sets in or on a slab waveguide; forming the second 
group of multiple diffractive element sets in or on the slab 
waveguide; and forming the group of multiple channel 
waveguides waveguide, including the corresponding Switch 
able back-reflecting means. 

Another exemplary R-OADM comprises: a slab optical 
waveguide; a first group of multiple diffractive element sets 
formed in or on the slab waveguide; a second group of mul 
tiple diffractive element sets formed in or on the slab 
waveguide; a first group of multiple channel waveguides; a 
second group of multiple channel waveguides; and a group of 
multiple optical switches each independently switchable 
between a non-Switched operational state and a Switched 
operational state. Each channel waveguide of the first group is 
arranged for routing an optical signal between a correspond 
ing diffractive element set of the first group and a correspond 
ing diffractive element set of the second group. Each channel 
waveguide of the second group is arranged for routing an 
optical signal from a corresponding one of multiple add opti 
cal ports or to a corresponding one of multiple drop optical 
ports. Each set of diffractive elements of the first group is 
arranged so as to route an optical signal within a correspond 
ing wavelength band between a first optical port and the 
corresponding channel waveguide of the first group; each set 
of diffractive elements of the second group is arranged so as 
to route an optical signal within the corresponding wave 
length band between a second optical port and the corre 
sponding channel waveguide of the first group. 

Each channel waveguide of the first group is coupled to a 
corresponding channel waveguide of the second group by a 
corresponding one of the multiple optical Switches. Each 
diffractive element set of the first group, the corresponding 
channel waveguide of the first group, and the corresponding 
diffractive element set of the second group are arranged so as 
to route an optical signal entering the slab waveguide through 
the first optical port within the corresponding wavelength 
band to the corresponding channel waveguide of the first 
group, transmit through the corresponding channel 
waveguide of the first group the optical signal thus routed if 
the corresponding optical Switch is in the non-Switched 
operational state, and route the optical signal thus transmitted 
to exit through the second optical port. In addition: each 
diffractive element set of the first group, the corresponding 
channel waveguide of the first group, and the corresponding 
channel waveguide of the second group are arranged so as to 
route an optical signal entering the slab waveguide through 
the first optical port within the corresponding wavelength 
band to the corresponding channel waveguide of the first 
group, Switch into the corresponding channel waveguide of 
the second group the optical signal thus routed if the corre 
sponding optical Switch is in the Switched operational state, 
and transmit the optical signal thus Switched to exit through 
the corresponding drop optical port; or each diffractive ele 
ment set of the second group, the corresponding channel 
waveguide of the first group, and the corresponding channel 
waveguide of the second group are arranged so as to route an 
optical signal within the corresponding wavelength band 
entering the corresponding channel waveguide of the second 
group through the corresponding add optical port to the cor 
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responding optical Switch, Switch into the corresponding 
channel waveguide of the first group the optical signal thus 
routed if the corresponding optical switch is in the switched 
operational state, and transmit the optical signal thus 
Switched to exit through the second optical port. 
An exemplary method for using this R-OADM comprises: 

independently setting each one of the group of multiple opti 
cal switches to either the non-switched operational state or 
the Switched operational state; receiving into the slab optical 
waveguide an input optical signal entering through the first 
optical port and comprising multiple wavelength channels 
within corresponding wavelength bands; and receiving from 
the second optical port each corresponding wavelength chan 
nel of the input optical signal for which the corresponding 
optical Switch is in the non-Switched operational State. An 
exemplary method may further comprise: receiving from the 
corresponding drop optical port each corresponding wave 
length channel of the input optical signal for which the cor 
responding optical Switch is in the Switched operational state; 
or receiving into the corresponding add optical port an added 
optical signal within the corresponding wavelength band, and 
receiving from the second optical port the added optical sig 
nal if the corresponding optical Switch is in the Switched 
operational state. An exemplary method for forming the 
R-OADM comprises: forming the first group of multiple dif 
fractive element sets in or on a slab waveguide; forming the 
second group of multiple diffractive element sets in or on the 
slab waveguide; forming the first group of multiple channel 
waveguides; forming the second group of multiple channel 
waveguides; and forming the group of multiple indepen 
dently switchable optical switches. 

Objects and advantages pertaining to reconfigurable opti 
cal add-drop multiplexers incorporating diffractive element 
sets and methods of use and fabrication thereof may become 
apparent upon referring to the exemplary embodiments illus 
trated in the drawings and disclosed in the following written 
description or appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates schematically an exemplary embodiment 
of a reconfigurable optical add-drop multiplexer. 

FIG. 2 illustrates schematically another exemplary 
embodiment of a reconfigurable optical add-drop multi 
plexer. 

FIG. 3 illustrates schematically another exemplary 
embodiment of a reconfigurable optical add-drop multi 
plexer. 
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 

A planar optical waveguide 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 waveguide. These 
optical modes are particular solutions of the electromagnetic 
field equations in the space occupied by the waveguide. The 
planar waveguide may comprise a slab waveguide (Substan 
tially 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 in one dimension 
therein). It should be noted that the term “planar waveguide' 
is not used consistently in the literature; for the purposes of 
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6 
the present disclosure and/or appended claims, the term "pla 
nar waveguide' is intended to encompass both slab and chan 
nel 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 fabricated 
using one or more dielectric materials Substantially transpar 
ent 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 layers of dielectric material(s), 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 Sup 
port 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, 
and/or functional equivalents thereof. The planar waveguide 
may be secured to a substrate for facilitating manufacture, for 
mechanical Support, and/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 ele 
ment, distributed reflector, or distributed Bragg reflector 
(DBR); a Bragg reflective grating (BRG); a holographic 
Bragg reflector (HBR); a holographic optical processor 
(HOP); a programmed holographic structure (PHS); a direc 
tional photonic-bandgap structure; a mode-selective photonic 
crystal; or other equivalent terms of art. Each diffractive 
element of the set may comprise one or more diffracting 
regions thereof that diffract, reflect, scatter, route, or other 
wise redirect portions of an incident optical signal (said pro 
cess hereinafter simply referred to as diffraction). For a planar 
waveguide, the diffracting regions of each diffractive element 
of the set typically comprises some suitable alteration of the 
planar waveguide (ridge, groove, index modulation, density 
modulation, and so on), and is spatially defined with respect 
to a virtual one- or two-dimensional linear or curvilinear 
diffractive element contour, the curvilinear shape of the con 
tour typically being configured to impart desired spatial char 
acteristics onto the diffracted portion of the optical signal. For 
an optical element enabling propagation in three dimensions, 
the virtual diffractive element contour may be an areal con 
tour. Implementation of a diffractive element with respect to 
its virtual contour may be achieved in a variety of ways, 
including those disclosed in the references cited hereinabove. 
Each areal, linear, or curvilinear diffractive element is shaped 
to direct its diffracted portion of the optical signal to an output 
optical port, which may be in or out of a plane defined by the 
diffractive elements. 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 and/or temporal 
characteristics for the overall diffracted optical signal routed 
between the corresponding input and output optical ports. It 
should be noted that optical ports (input and/or output) may 
be defined structurally (for example, by an aperture, 
waveguide, fiber, lens, or other optical component) and/or 
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functionally (for example, by a spatial location, convergence? 
divergence/collimation, and/or propagation direction). For a 
single-mode planar waveguide, Such a set of diffractive ele 
ments may be arranged to yield an arbitrary spectral/temporal 
transfer function (in terms of amplitude and phase). In a 
multimode planar waveguide, modal dispersion and 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 diffractive elements of the set (or equivalently, their 
corresponding contours) are spatially arranged with respect 
to one another so that the corresponding portions of the opti 
cal signal diffracted by each element interfere with one 
another at the output optical port, so as to impart desired 
spectral and/or temporal characteristics onto the portion of 
the optical signal collectively diffracted from the set of dif 
fractive 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 and/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; sometimes referred to as a “portion of the spatial 
wavefront) traces a path (i.e., a “ray path') through the dif 
fractive element set that successively intersects 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 diffractive elements. A frac 
tion of the incident amplitude is diffracted by a diffractive 
element and the remainder transmitted and incident on 
another diffractive element, and so on Successively through 
the set of diffractive elements. The diffractive elements may 
therefore be regarded as spaced Substantially longitudinally 
along the propagation direction of the incident optical signal, 
and a given spatial portion of the wavefront of such a succes 
sively 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 opti 
cal 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). 
As described in detail in U.S. Pat. No. 6,993.223 (cited and 

incorporated by reference hereinabove), diffracting regions 
of a diffractive element set may be distributed over one of 
more spatial regions of the optical element, for facilitating 
placement of multiple diffractive element sets in a single 
optical element. These spatial regions may be positioned and 
arranged so as to impart desired spatial, spectral, or temporal 
characteristics onto the corresponding routed portions of an 
incident optical signal. Such arrangement may include an 
optical signal being Successively incident on multiple spatial 
regions of a diffractive element set, with "successively inci 
dent' defined as set forth hereinabove. The word “primitive' 
may be used to designate one diffractive element set among 
multiple diffractive element sets in a single optical element 
(e.g., a single optical device may include multiple “primitive 
programmed holographic structures'). 
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 dif 
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8 
fracted portion of an input optical signal to yield an output 
optical signal. The 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 areal, linear, or 
curvilinear diffractive elements (segments of circles, spheres, 
ellipses, ellipsoids, parabolas, paraboloids, hyperbolas, 
hyperboloids, and so forth), if not optimal, may be employed 
as approximations of fully optimized contours. A wide range 
of fabrication techniques may be employed for forming the 
diffractive 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 and incorporated by reference 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 elements may be formed lithographi 
cally in the interior of the core layer and/or a cladding layer of 
the planar optical waveguide using one or more spatial lithog 
raphy steps performed after an initial partial deposition of 
layer material. Diffractive elements may be formed in the 
core and/or cladding layers by projecting ultraviolet light or 
other Suitable radiation through an amplitude and/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 diffractive 
element contours. Alteration of the refractive index by expo 
sure to ultraviolet or other radiation results in index-modu 
lated 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 and/or phase mask may be produced litho 
graphically via laser writer or e-beam, it may be interfero 
metrically formed, or it may be formed by any other suitable 
technique. In instances where resolution is insufficient 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 clad 
ding 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 distance from the 
stamped phase mask to the bottom of the core region. Stamp 
ing of the phase mask directly on the device may simplify 
alignment of diffractive elements with ports or other device 
components especially when those components may be 
formed in the same or another stamping process. 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 
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 
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material employed is Suitably stable in the presence of light in 
the desired operating wavelength range of the spectral filter. 
Exposure of a complete set of diffractive elements to substan 
tially spatially uniform, refractive-index-changing light may 
be employed to tune the operative wavelength range of the 
diffractive element set. Exposure of the diffractive element 
set to spatially non-uniform refractive-index changing light 
may be employed to chirp or otherwise wavelength-modulate 
the spectral filter (described further hereinbelow). The sensi 
tivity of planar waveguide materials to irradiation produced 
refractive index modulations may be increased using hydro 
gen-loading, flame-brushing, boron or other chemical dop 
ing, 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. In some instances, 
interference among signals diffracted by multiple diffractive 
elements may contribute to image formation; this may be the 
case particularly when the diffracted signals propagate out of 
a plane defined by the diffractive elements. Inputs to the 
design are the detailed structure of the input and output opti 
cal ports and their locations. Standard ray tracing approaches 
to optical 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 opti 
mized 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 and/or phase modulation (to yield a 
desired spectral transfer function or impulse response func 
tion), the optical spacing of Successive diffractive element 
contours may be controlled to provide required phase differ 
ences between diffracted components at the output port, and/ 
or the diffractive strength of the elements may be individually 
controlled as well (as described in detail in the references 
cited hereinabove; also described for certain cases in: T. W. 
Mossberg, “Planar holographic optical processing devices'. 
Optics Letters v26 p. 414 (2001), said publication being 
hereby incorporated by reference as if fully set forth herein). 
An alternative approach to designing the diffractive ele 

ment contours for a diffractive element set is to calculate 
interference patterns between simulated fields at a desired 
wavelength and with desired waveforms entering the input 
port and exiting the output port. In forming or writing a 
summed pattern for the diffractive element set, suitable dis 
cretization is applied as needed for any lithographic or UV 
exposure approach that is utilized for fabrication. The holo 
graphic structure may be designed by interference of com 
puter-generated beams having the desired computer-gener 
ated temporal waveforms, with the resulting calculated 
arrangement of diffractive elements implemented by lithog 
raphy and/or other suitable spatially-selective fabrication 
techniques. For example, interference between a delta-func 
tion-like pulse and a desired reference optical waveform (or 
its time-reverse) may be calculated, and the resulting inter 
ference pattern used to fabricate a diffractive element set that 
acts to either recognize or generate the desired reference 
optical waveform. 

In an alternative method for making the diffractive element 
structure, the optical element may include material of appro 
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10 
priate index that is also photosensitive at the wavelength of 
the desired operational signal beams. As in traditional holog 
raphy, the input and output recording beams (same wave 
length as operational signal beams of the envisioned device) 
are overlapped in the optical element and the interference 
pattern between them is recorded. Subsequently the photo 
sensitive material is developed and, if necessary, a cladding 
may be deposited or attached by other means. 
As mentioned in above-cited U.S. Pat. Nos. 6,879,441 and 

6,859,318 and U.S. application Ser. No. 1 1/076.251, inter 
alia, a single optical apparatus may have multiple primitive 
sets of diffractive elements. These primitive diffractive ele 
ment sets may occupy spatial regions in an optical element 
that are the same, are partially overlapping, or are Substan 
tially non-overlapping. More specifically, multiple primitive 
diffractive element sets may be: i) “stacked' (i.e., positioned 
one after another along an optical propagation direction from 
an input port of the optical element); ii) “interleaved' (i.e., the 
optical element has spatial regions containing diffracting 
regions of one primitive diffractive element set but no dif 
fracting regions of another primitive diffractive element set; 
the various spatial regions containing the diffracting regions 
of a primitive diffractive element set may not be contiguous, 
but are coherent; the spatial regions may border on other 
spatial regions containing diffracting regions of other primi 
tive diffractive element sets); iii) overlaid (i.e., the diffracting 
regions of multiple primitive diffractive element sets occupy 
a common spatial region); or iv) combined in a common 
optical element using a combination of these methods. It may 
be desirable to combine multiple primitive diffractive ele 
ment sets to create an optical apparatus with multiple outputs 
and/or inputs, to more efficiently utilize device area, or to 
meet specific design requirements. 

Overlaid primitive diffractive element sets are described in 
above-cited U.S. Pat. Nos. 6,678,429, 6,829,417, and 6,965, 
716 and U.S. application Ser. No. 1 1/280,876. If the fill 
factors of diffracting regions of the diffractive elements are 
Sufficiently low (upon implementation of partial-fill gray 
scale or other apodization technique, for example, as 
described in the preceding references), then multiple primi 
tive diffractive element sets may be formed in a common 
spatial region of an optical element with a low probability that 
diffracting regions of different primitive diffractive element 
sets would spatially overlap. Such overlap that would occur 
may be inconsequential, or may be eliminated to any desired 
degree by element-by-element movement of individual dif 
fracting regions, if desired. At higher fill-factors, a more 
deterministic approach may be employed for ensuring that 
diffracting regions for the respective diffractive element sets 
do not spatially coincide. Depending on the fabrication tech 
nique. Such considerations may not be necessary. For fabri 
cation by binary lithography, two diffracting regions cannot 
overlap and function properly. A particular location of the 
optical element is either etched or not; an optical signal inter 
acts at that location in the same way whether the location was 
etched to form a single diffracting region or multiple diffract 
ing regions. Fabrication techniques wherein a material 
response is Substantially linear, such as forming diffracting 
regions by photo-exposure or grayscale lithography, enable 
formation of diffracting regions that may spatially overlap 
while each properly fulfills its function. As long as the mate 
rial response (to the fabrication technique) is substantially 
linear, a particular location of the optical element will interact 
differently with an optical signal according to whether it was 
exposed to form one diffracting regions, two diffracting 
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regions, and so on. For Such linear (i.e., grayscale) fabrication 
techniques, diffractive element sets may be overlaid without 
regard for fill factor. 

Interleaving of multiple primitive diffractive element sets 
refers to individual primitive diffractive element sets that 
occupy inter-mixed but Substantially non-overlapping spatial 
regions of an optical element, and is described extensively in 
above-cited U.S. Pat. No. 6,993,223. Interleaving may be 
used along with or without other variations of implementing 
diffracting regions of the diffractive elements (including par 
tial-fill, width-based, line-density, facet-displacement, and 
element-displacement grayscale methods, otherapodization 
techniques, and so forth). Multiple spatial regions for each of 
the primitive diffractive element sets may be thought of as 
forming a “patchwork” over the optical element. Stacking of 
primitive diffractive element sets might be regarded as the 
simplest example of interleaving (for which the descriptor 
“interleaving may not necessarily even be appropriate), with 
each primitive diffractive element set occupying a single dis 
tinct spatial region of the optical element, and with the spatial 
regions arranged sequentially along a propagation direction 
of optical signals (i.e., "stacked'). An incident optical signal 
is Successively incident on each spatial region, and therefore 
also on each primitive diffractive element set. 

True interleaving (i.e., not stacking) may enable improved 
spectral resolution compared to an optical device of the same 
overall length with stacked primitive diffractive element sets. 
It should be noted that in the low to moderate reflection 
strength case, the spectral resolution Afs (the spectral width 
of the main reflection maximum) of an unapodized primitive 
diffractive element set is inversely proportional to the maxi 
mal optical path length difference between interfering light 
beams diffracted by the various diffractive elements of the 
primitive set. If N primitive programmed holographic struc 
tures are stacked and occupy Substantially equal portions of a 
total device length L, the resolution of each primitive diffrac 
tive element set is limited by the length L/N. If, on the other 
hand, N primitive diffractive element sets are each divided 
into multiple spatial regions, and the spatial regions inter 
leaved so that regions of each primitive set are distributed 
along the entire length L of the optical element, then the 
resolution of each primitive diffractive element set would be 
limited by L. Spatial regions of each primitive diffractive 
element set may or may not extend across the entire trans 
verse extent of the interleaved multiple diffractive element 
sets. It is assumed that the various spatial regions of the 
primitive diffractive element sets are coherent except for 
phase shifts introduced as part of an overall apodization. 

Various adaptation are disclosed and/or claimed in above 
cited U.S. Pat. No. 6,993.223 for reducing, minimizing, or 
Substantially eliminating unwanted spatial or spectral char 
acteristics from routed portions of an incident optical signal 
that may arise due to interleaving of multiple primitive dif 
fractive element sets. These may be achieved by positioning 
and arranging the spatial regions occupied the primitive dif 
fractive element sets or by control over the refractive index of 
the optical element as a function of position. 

In the following discussion, the depth direction (i.e., propa 
gation direction of an incident optical signal) refers to the 
direction normal to the phase front of the input beam, while 
the transverse direction refers to the direction along the phase 
front of the input beam (perpendicular to the input beam 
propagation direction). Note that these direction are defined 
locally for each portion of the spatial wavefront, which is 
generally curved. 
An exemplary reconfigurable optical add-drop multiplexer 

(R-OADM) is illustrated schematically in FIGS. 1 and 2, and 
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12 
comprises: a slab optical waveguide 102; a first group of 
multiple diffractive element sets 104 formed in or on slab 
waveguide 102; a second group of multiple diffractive ele 
ment sets 106 formed in or on slab waveguide 102; and a 
group of multiple channel waveguides 108 integrally formed 
with slab waveguide 102. Each channel waveguide 108 of the 
group is arranged for routing an optical signal between a 
corresponding diffractive element set 104 of the first group 
and a corresponding diffractive element set 106 of the second 
group. Each channel waveguide 108 of the group includes a 
corresponding means 110 for back-reflecting an optical sig 
nal propagating along waveguide 108. Each back-reflecting 
means 110 is switchable between a transmitting operational 
state and a reflecting operational state independently of 
operational states of the other back-reflecting means. In 
FIGS. 1 and 2 slab waveguide 102, including the first group of 
diffractive element sets 104 and the second group of diffrac 
tive element sets 106, and the channel waveguides 108 with 
waveguide gratings 110 are all integrated onto a common 
waveguide Substrate. It may be desirable in some instances 
for the slab waveguide with the first group of diffractive 
element sets 104, the slab waveguide with the second group of 
diffractive element sets 106, or the channel waveguides 108 
with waveguide gratings 110 to be formed on a separate 
waveguide Substrate, with the channel waveguides and dif 
fractive element sets optically coupled as needed using opti 
cal fibers or other suitable means. This may be desirable for 
mechanically orthermally decoupling the diffractive element 
sets from the waveguide gratings, for example. 

Each diffractive element set 104 of the first group is 
arranged so as to route an optical signal within a correspond 
ing wavelength band between a first optical port 112 and the 
corresponding channel waveguide 108, and each diffractive 
element set 106 of the second group is arranged so as to route 
the optical signal within the corresponding wavelength band 
between a second optical port 114 and the corresponding 
channel waveguide 108. Each diffractive element set 104 of 
the first group, corresponding channel waveguide 108, and 
corresponding diffractive element set 106 of the second group 
are arranged so as to route an optical signal entering slab 
waveguide 102 through optical port 112 within the corre 
sponding wavelength band to corresponding channel 
waveguide 108, transmit through corresponding channel 
waveguide 108 the optical signal thus routed if the corre 
sponding back-reflecting means 110 is in the transmitting 
operational state, and route the optical signal thus transmitted 
to optical port 114 as a “thru' or “express' signal channel. To 
function as a channel-dropping demultiplexer, each diffrac 
tive element set 104 of the first group and corresponding 
channel waveguide 108 are arranged so as to route an optical 
signal entering slab waveguide 102 through optical port 112 
within the corresponding wavelength band to corresponding 
channel waveguide 108, back-reflect within corresponding 
channel waveguide 108 the optical signal thus routed if cor 
responding back-reflecting means 110 is in the reflecting 
operational state, and route the optical signal thus back-re 
flected back to optical port 112 as a dropped signal channel. 
To function as a channel-adding multiplexer, each diffractive 
element set 106 of the second group and corresponding chan 
nel waveguide 108 are arranged so as to route an optical signal 
entering the slab waveguide through optical port 114 within 
the corresponding wavelength band to corresponding channel 
waveguide 108, back-reflect within corresponding channel 
waveguide 108 the optical signal thus routed if corresponding 
back-reflecting means 110 is in the reflecting operational 
state, and route the optical signal thus back-reflected to opti 
cal port 114 as an added signal channel. The R-OADM of 
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FIG. 1 or 2 may function as both a channel-adding multi 
plexer and as a channel-dropping demultiplexer simulta 
neously, if needed or desired. 
The diffractive element sets 104 and 106 of the two groups 

may be arranged in any Suitable way, including those dis 
closed in various of the references cited hereinabove. For 
example, each diffractive element of at least one set 104 or 
106 may be individually contoured and positioned so as to 
preferentially route a portion of an incident optical signal 
between the corresponding optical port 112 or 114 and cor 
responding channel waveguide 108 as the optical signal 
propagates within slab waveguide 102. Diffractive elements 
of a set 104 or 106 may also be collectively arranged so as to 
exhibit a positional variation in amplitude, optical separation, 
or spatial phase over Some portion of the set. In another 
example, each diffractive element of at least one set 104 or 
106 may diffract a corresponding diffracted component of an 
incident optical signal with a corresponding diffractive ele 
ment transfer function between optical port 112 or 114 and 
corresponding channel waveguide 108. Each such diffractive 
element may comprise at least one diffracting region having 
at least one altered optical property so as to enable diffraction 
of a portion of the incident optical signal, and Such diffracting 
regions may be arranged so as to collectively provide a cor 
responding diffractive element transfer function between 
optical port 112 or 114 and corresponding channel waveguide 
108. The multiple diffractive element sets 104 or 106 may be 
at least partly stacked, at least partly interleaved, or at least 
partly overlaid, as disclosed in various of the above-cited 
references. 
An optical channel waveguide 116 may be integrally 

formed with slab waveguide 102 and positioned and adapted 
for transmitting an optical signal to optical port 112 or for 
receiving an optical signal from optical port 112. Similarly, an 
optical channel waveguide 118 may be integrally formed with 
slab waveguide 102 and positioned and adapted for transmit 
ting an optical signal to optical port 114 or for receiving an 
optical signal from optical port 114. 
The R-OADM may further comprise one of more optical 

circulators for separating counter-propagating optical signals 
transmitted into or out of the optical ports 112 and 114. In the 
examples of FIGS. 1 and 2, a first circulator 120 is employed 
for separating optical signals entering optical port 112 from 
an optical signal exiting optical port 112 (i.e. the dropped 
optical signal channel). Similarly, a second circulator 122 is 
employed for separating an optical signal entering optical 
port 114 (i.e. the added optical signal channel) from an optical 
signal exiting optical port 114 (i.e. the “express' or “thru' 
optical signal channels). Any other Suitable means may be 
employed for separating optical signals transmitted to or from 
the R-OADM. 
A typical use for the R-OADM is in an optical telecommu 

nications system employing wavelength division multiplex 
ing (WDM). WDM is a well-known technique and will not be 
described further herein. The corresponding wavelength 
bands or wavelength channels recited herein for describing 
the operation of the R-OADM may typically comprise chan 
nels of a WDM scheme or protocol. One example of such a 
scheme is the set of optical carrier frequencies (or wave 
lengths) defined in various standards of the International 
Telecommunications Union (ITU). For example, the 42 sepa 
rate wavelength bands schematically illustrated in FIG.1 may 
correspond to the 42 wavelength channels of the 100 GHz 
ITU WDMC-band. The example illustrated schematically in 
FIG.2 may handle up to four wavelength bands. Any suitable 
set of wavelength bands or wavelength channels may be pro 
cessed (multiplexed or demultiplexed) by apparatus or meth 
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ods disclosed herein. Since each of the switchable back 
reflecting means 110 may be switched independently, the 
R-OADM may be employed for adding or dropping any 
desired number of channels in an arbitrary, reconfigurable 
way. If multiple channels are dropped, an additional demul 
tiplexer of any suitable type may be employed, if needed or 
desired, for separating the channels dropped by the 
R-OADM. Similarly, if multiple channels are added, an addi 
tional multiplexer of any suitable type may be employed, if 
needed or desired, to combine the channels to be added by the 
R-OADM. 
Any suitable means may be employed for Switching 

between reflection and transmission in the channel 
waveguides 108. In the examples FIGS. 1 and 2, switchable 
back-reflecting means 110 each comprises a waveguide grat 
ing 110 formed in or on at least a portion of corresponding 
channel waveguide 108. Each waveguide grating 110 may be 
implemented in any suitable way, including those disclosed in 
various of the references cited hereinabove. Each waveguide 
grating 110 has a reflective bandwidth that substantially 
encompasses the corresponding wavelength band when the 
waveguide grating is in the reflective operational state, but 
that may be shifted (i.e. reconfigured) to substantially avoid 
the corresponding wavelength band in the transmitting opera 
tional state. The shifting of the reflective bandwidth may be 
accomplished in any suitable way, including but not limited to 
thermo-optically, electro-optically, nonlinear-optically, or by 
current injection into a semiconductor-based waveguide grat 
ing. The amount of reflectivity shift required to set waveguide 
grating 110 to the reflecting operational state versus the trans 
mitting operational state is relatively small, since all that is 
required is to move the reflectivity spectrum of the grating on 
or off resonance with the corresponding wavelength band 
(so-called “binary wavelength tuning'). This may be accom 
plished by shifting the reflectivity spectrum of waveguide 
grating 110 by as little as half the channel spacing of the 
WDM scheme being employed, e.g. about 50 GHz in the ITU 
WDM scheme. Providing each wavelength channel with a 
dedicated waveguide grating enables reconfiguring the 
R-OADM with only binary wavelength tuning. 

Wavelength shifts of waveguide gratings 110 on the order 
of 50 GHz or 100 GHz are readily achievable by incorporat 
ing thermo-optic or electro-optic polymer materials into or 
onto the waveguide gratings. Fractional refractive index 
changes on the order of a few parts in 10 are typically 
required to achieve reflectivity spectral shifts on the order of 
50 or 100 GHz, and such index changes may beachieved with 
temperature shifts of a few degrees (thermo-optic polymer 
material) or with practicable applied control Voltages (elec 
tro-optic polymer material). Thermal control signal may be 
applied using any suitable heating or cooling elements, while 
control Voltages may be applied by any Suitably placed elec 
trodes or contacts. It is the binary wavelength tuning charac 
teristic of operation of the waveguide gratings that enables 
Switching between reflecting and transmitting operational 
states at these readily implemented control signal levels (tem 
perature change or applied Voltage). A much smaller index 
shift is needed to move on or off a single wavelength channel 
than would be required to shift among multiple wavelength 
channels. 
Any suitable means may be employed for shifting the 

reflectivity spectrum of waveguide gratings 110. Thermo 
optic and electro-optic means have been described. Other 
Suitable means may include, but are not limited to, nonlinear 
optical means or current injection. For example, a waveguide 
grating 110 incorporating one or more nonlinear optical 
material may be wavelength-shifted by illumination by an 
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optical control signal. In another example, a waveguide grat 
ing 110 incorporating one or more semiconductor materials 
may be wavelength-shifted by current injection, via athermo 
optic effect or due to the current density. When shifting 
waveguide grating 110 off resonance with the corresponding 
signal channel, it may be preferable to shift the waveguide 
grating resonance to a wavelength shorter than the corre 
sponding signal channel, to reduce undesirable optical loss. 

While it is desirable to alter the spectral reflective proper 
ties of waveguide gratings 110, and one method for altering 
those properties is via a thermo-optic effect, it may neverthe 
less be desirable for other portions of the R-OADM to be 
“athermalized'. Use of suitable combinations of materials for 
forming waveguides and diffractive elements may result in 
reduced dependence on temperature of the performance of 
the R-OADM. Any suitable adaptation for reducing tempera 
ture-dependent device performance may be employed within 
the scope of the present disclosure. Examples of Such adap 
tations are disclosed in U.S. Pat. No. 6,985,656 cited herein 
above. It may be desirable in Some instances, for example if 
the waveguide gratings are temperature tuned, to thermally or 
mechanically isolate the diffractive element sets 104 and 106 
from the channel waveguides 108 and waveguide gratings 
110. This may be accomplished by, for example, forming the 
diffractive element sets and channel waveguide gratings on 
separate Substrates optically coupled by fibers or other means. 

In another example, back-reflecting means 110 may each 
comprise a corresponding movable mirror within a gap 
formed between segments of the corresponding channel 
waveguide 108. The mirror is positioned between the channel 
waveguide segments for back-reflecting an optical signal 
emergent from one of the channel waveguide segments in the 
reflective operational state. The mirror is positioned so as to 
leave substantially unobstructed propagation of an optical 
signal between the channel waveguide segments in the trans 
mitting operational state. Movement of the mirror between 
these two positions Switches the back-reflecting means 
between reflecting and transmitting operational states, and 
may be achieved in any suitable way, e.g. by employing 
MEMS technology or other mechanical means for moving 
the mirror between the corresponding operational positions. 

In another example, back-reflecting means 110 may each 
comprise a corresponding movable channel waveguide seg 
ment containing a non-tunable channel waveguide grating 
that is resonant with the signal propagating in the channel 
waveguide 108. The waveguide segment may be movable 
within a gap formed between segments of channel waveguide 
108. In the reflecting operational state, the movable segment 
is positioned between the segments of channel waveguide 
108 for back-reflecting an optical signal from one of the 
channel waveguide segments. In the transmitting operational 
state, the movable segment is positioned so as to leave Sub 
stantially unobstructed propagation of an optical signal 
between the channel waveguide segments. Movement of the 
movable waveguide grating segment between these two posi 
tions Switches the back-reflecting means between reflecting 
and transmitting operational states, and may be achieved in 
any suitable way, e.g. by employing MEMS technology or 
other mechanical means for moving the movable segment 
between the corresponding operational positions. 
A method employing the exemplary R-OADM of FIG. 1 or 

2 may comprise: independently setting each channel 
waveguide back-reflecting means 110 to either a reflecting 
operational state or a transmitting operational state; and 
receiving into slab optical waveguide 102 at optical port 112 
an input optical signal comprising multiple wavelength chan 
nels within corresponding wavelength bands; and receiving 
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from optical port 114 each corresponding wavelength chan 
nel for which corresponding back-reflecting means 110 is set 
in the transmitting operational state. The method may further 
comprise: receiving from optical port 112 each correspond 
ing wavelength channel of the input signal for which corre 
sponding back-reflecting means 110 is set in the reflecting 
operational state (i.e. wavelength channels dropped by the 
demultiplexer); or receiving into slab waveguide 102 at opti 
cal port 114 a second input optical signal, and receiving from 
optical port 114 each corresponding wavelength channel of 
the second input signal for which corresponding back-reflect 
ing means 110 is set in the reflecting operational state (i.e. 
wavelength channels added by the multiplexer). The 
R-OADM may simultaneously exhibit both multiplexer and 
demultiplexer functionality for any desired numbers and 
combinations of the wavelength channels of the WDM 
scheme being employed. 
The method may further comprise receiving the input opti 

cal signal into slab waveguide 102 at optical port 112 from 
circulator 120, and receiving the reflected wavelength chan 
nels (i.e. the dropped wavelength channels) from optical port 
112 through circulator 120. The method may further com 
prise receiving the input optical signal into slab waveguide 
102 at optical port 112 from circulator 120, and receiving the 
transmitted wavelength channels (i.e. the “thru’ channels or 
“express' channels) from optical port 114 through circulator 
122. The method may further comprise receiving a second 
input optical signal comprising at least one wavelength chan 
nel into slab waveguide 102 at optical port 114 from circulator 
122, and receiving reflected wavelength channels (i.e. the 
added wavelength channels) from optical port 114 through 
circulator 122. 
A method for forming the exemplary R-OADM of FIG. 1 

or 2 comprises: forming the first group of multiple diffractive 
element sets 104 in or on slab waveguide 102: forming the 
second group of multiple diffractive element sets 106 in or on 
slab waveguide 102; and forming the group of multiple chan 
nel waveguides 108, including forming corresponding back 
reflecting means 110 independently switchable between the 
transmitting operational state and the reflecting operational 
State. 

Another exemplary embodiment of an R-OADM is illus 
trated schematically in FIG. 3, and comprises: a slab optical 
waveguide 302; a first group of multiple diffractive element 
sets 304 formed in or on slab waveguide 302; a second group 
of multiple diffractive element sets 306 formed in or on slab 
waveguide 302; a first group of multiple channel waveguides 
308 integrally formed with slab waveguide 302; a second 
group of multiple channel waveguides 309 integrally formed 
with slab waveguide 302; and a group of multiple optical 
switches 310. Each channel waveguide 308 of the first group 
is arranged for routing an optical signal between a corre 
sponding diffractive element set 304 of the first group and a 
corresponding diffractive element set 306 of the second 
group. Each channel waveguide 309 of the second group is 
arranged for routing an optical signal from a corresponding 
one of multiple add optical ports 320 or to a corresponding 
one of multiple drop optical ports 322. The optical switches 
are each independently switchable between a non-switched 
operational state (optical signals remain in their respective 
waveguides) and a Switched operational State (in which two or 
more optical signals are Swapped among waveguides coupled 
by the Switch). A simple example is a 2x2 optical Switch 
coupling a pair of waveguides, wherein optical signals would 
remain in each waveguide in the non-Switched operational 
state, but would be interchanged between the waveguides in 
the switched operational state. Optical switches 310 that are 
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implemented in any suitable way, including 2x2 optical 
Switches, may be employed for implementing the exemplary 
R-OADM of FIG. 3. In FIG.3 slab waveguide 302, including 
the first group of diffractive element sets 304 and the second 
group of diffractive element sets 306, and the channel 
waveguides 308 and 309 with optical switches 310 are all 
integrated onto a common waveguide Substrate. It may be 
desirable in some instances for the slab waveguide with the 
first group of diffractive element sets 304, the slab waveguide 
with the second group of diffractive element sets 306, or the 
channel waveguides 308 and 309 with optical switches 310 to 
be formed on a separate waveguide Substrate, with the chan 
nel waveguides and diffractive element sets optically coupled 
as needed using optical fibers or other Suitable means. This 
may be desirable for mechanically or thermally decoupling 
the diffractive element sets from the optical switches, for 
example. 

Each set of diffractive elements 304 is arranged so as to 
route an optical signal within a corresponding wavelength 
band between optical port 312 and corresponding channel 
waveguide 308; each set of diffractive elements 306 is 
arranged so as to route an optical signal within the corre 
sponding wavelength band between optical port 314 and cor 
responding channel waveguide 308. Each channel waveguide 
308 of the first group is coupled to a corresponding channel 
waveguide 309 of the second group by a corresponding one of 
the multiple optical switches 310. Each diffractive element 
set 304, the corresponding channel waveguide 308, and the 
corresponding diffractive element set 306 are arranged so as 
to route an optical signal entering slab waveguide 302 
through optical port 312 within the corresponding wave 
length band into corresponding channel waveguide 308, 
transmit through corresponding channel waveguide 308 the 
optical signal thus routed if corresponding optical Switch 310 
is in the non-Switched operational state (as shown for in 
FIG.3), and route the optical signal thus transmitted to optical 
port 314 as a “thru' or “express' signal channel. To function 
as a channel-dropping demultiplexer, each diffractive ele 
ment set 304, corresponding channel waveguide 308, and 
corresponding channel waveguide 309 are arranged so as to 
route an optical signal entering slab waveguide 302 through 
optical port 312 within the corresponding wavelength band 
into corresponding channel waveguide 308, switch into the 
corresponding channel waveguide 309 the optical signal thus 
routed if corresponding optical switch 310 is in the switched 
operational state (as shown for w and W in FIG. 3), and 
transmit the optical signal thus Switched to corresponding 
drop optical port 322 as a dropped signal channel. To function 
as a channel-adding multiplexer, each diffractive element set 
306, corresponding channel waveguide 308, and correspond 
ing channel waveguide 309 are arranged so as to route an 
optical signal within the corresponding wavelength band 
entering corresponding channel waveguide 309 through cor 
responding add optical port 320 to corresponding optical 
Switch 310, Switch into corresponding channel waveguide 
308 the optical signal thus routed if corresponding optical 
switch 310 is in the switched operational state, and transmit 
the optical signal thus Switched to optical port 314 as an added 
signal channel. The R-OADM of FIG.3 may function as both 
a channel adding multiplexer and as a channel-dropping 
demultiplexer simultaneously, if needed or desired. 
The diffractive element sets 304 and 306 of the two groups 

may be arranged in any Suitable way, including those dis 
closed in various of the references cited hereinabove. Several 
examples have been described hereinabove. The multiple 
diffractive element sets 304 or 306 may be at least partly 
stacked, at least partly interleaved, or at least partly overlaid, 
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as disclosed in various of the above-cited references. Optical 
channel waveguides 316 and 318 may be integrally formed 
with slab waveguide 302 for transmitting optical signals to or 
from optical ports 312 and 314, respectively, as described 
hereinabove. The corresponding wavelength bands may com 
prise channels of a wavelength division multiplexing scheme, 
as described hereinabove. 
A method employing the exemplary R-OADM of FIG. 3 

may comprise: independently setting each optical Switch 310 
to eithera non-Switched operational state or a Switched opera 
tional state; and receiving into slab optical waveguide 302 at 
optical port 312 an input optical signal comprising multiple 
wavelength channels within corresponding wavelength 
bands; and receiving from optical port 314 each correspond 
ing wavelength channel of the input optical signal for which 
corresponding optical switch 310 is in the non-switched 
operational state. The method may further comprise: receiv 
ing from corresponding drop optical port 322 each corre 
sponding wavelength channel of the input optical signal for 
which corresponding optical switch 310 is in the switched 
operational state (i.e. wavelength channels dropped by the 
demultiplexer); or receiving into a corresponding add optical 
port 320 an added optical signal within a corresponding 
wavelength band, and receiving the added optical signal from 
optical port 314 if corresponding optical switch 310 is in the 
Switched operational state (i.e. wavelength channels added by 
the multiplexer). The R-OADM may simultaneously exhibit 
both multiplexer and demultiplexer functionality for any 
desired numbers and combinations of the wavelength chan 
nels of the WDM scheme being employed. 
A method for forming the exemplary R-OADM of FIG. 3 

comprises: forming the first group of multiple diffractive 
element sets 304 in or on slab waveguide 302; forming the 
second group of multiple diffractive element sets 306 in or on 
slab waveguide 302; forming the first group of multiple chan 
nel waveguides 308; forming the second group of multiple 
channel waveguides 309; and forming the group of multiple 
optical Switches 310 each coupling corresponding channel 
waveguides 308 and 309 and independently switchable 
between the non-switched operational state and the switched 
operational state. 

In the exemplary embodiment of FIG. 2, multiple diffrac 
tive element sets 104 and 106 are shown 'stacked’, that is, 
positioned sequentially along the propagation direction of the 
input optical signal. As disclosed in various of the above-cited 
applications and patents, stacking is not the only way in 
which multiple diffractive element sets may be arranged in a 
single optical element. Multiple diffractive element sets may 
be arranged in an integrated optical spectrometer by stacking 
(as in FIG. 2), by overlaying or interleaving (as in FIGS. 1 and 
3), or combinations thereof. Overlaid diffractive element sets 
are described hereinabove and in above-cited U.S. Pat. Nos. 
6,678,429, 6,829,417, and 6,965,716 and U.S. application 
Ser. No. 1 1/280,876. Interleaved diffractive element sets are 
described hereinabove and in above-cited U.S. Pat. No. 
6,993,223. 

Various adaptations may be employed for improving the 
diffraction efficiency or reflection efficiency, or for reducing 
the optical loss of the various diffractive element sets or 
waveguide gratings in a R-OADM. Examples of Such adap 
tations are disclosed in above-cited application Ser. Nos. 
10/898,527 and 11/021,549. 

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 and/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 only a few representative individual 
diffractive elements are shown in the Figures. 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 and methods shall fall within the 
Scope of the present disclosure or appended claims. It is 
intended that the disclosed exemplary embodiments and 
methods, and equivalents thereof, may be modified while 
remaining within the scope of the present disclosure or 
appended claims. 

For purposes of the present disclosure and appended 
claims, the conjunction 'or' is to be construed inclusively 
(e.g., “a dog or a cat' would be interpreted as “a dog, or a cat, 
or both'; e.g., “a dog, a cat, or a mouse' would be interpreted 
as “a dog, or a cat, or a mouse, or any two, or all three'), 
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 particular context, in which case “or” would 
encompass only those combinations involving non-mutually 
exclusive alternatives. 
What is claimed is: 
1. An optical apparatus, comprising: 
a first group of multiple diffractive element sets formed in 

or on a slab waveguide; 
a second group of multiple diffractive element sets formed 

in or on a slab waveguide; and 
a group of multiple channel waveguides, each channel 

waveguide of the group being arranged for routing an 
optical signal between a corresponding diffractive ele 
ment set of the first group and a corresponding diffrac 
tive element set of the second group, each channel 
waveguide of the group including corresponding means 
for back-reflecting an optical signal propagating along 
the waveguide, each back-reflecting means being Swit 
chable between a transmitting operational state and a 
reflecting operational state independently of operational 
states of the other back-reflecting means, 

wherein: 
each diffractive element set of the first group is arranged so 

as to route an optical signal within a corresponding 
wavelength band between a first optical port and the 
corresponding channel waveguide, and each diffractive 
element set of the second group is arranged so as to route 
the optical signal within the corresponding wavelength 
band between a second optical port and the correspond 
ing channel waveguide; and 

each diffractive element set of the first group, the corre 
sponding channel waveguide, and the corresponding 
diffractive element set of the second group are arranged 
So as to route an optical signal entering through the first 
optical port within the corresponding wavelength band 
to the corresponding channel waveguide, transmit 
through the corresponding channel waveguide the opti 
cal signal thus routed if the corresponding back-reflect 
ing means is in the transmitting operational state, and 
route the optical signal thus transmitted to exit through 
the second optical port, 

and wherein: 
each diffractive element set of the first group and the cor 

responding channel waveguide are arranged so as to 
route an optical signal entering through the first optical 
port within the corresponding wavelength band to the 
corresponding channel waveguide, back-reflect within 
the corresponding channel waveguide the optical signal 
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thus routed if the corresponding back-reflecting means 
is in the reflecting operational state, and route the optical 
signal thus back-reflected to exit through the first optical 
port; or 

each diffractive element set of the second group and the 
corresponding channel waveguide are arranged so as to 
route an optical signal entering through the second opti 
cal port within the corresponding wavelength band to the 
corresponding channel waveguide, back-reflect within 
the corresponding channel waveguide the optical signal 
thus routed if the corresponding back-reflecting means 
is in the reflecting operational state, and route the optical 
signal thus back-reflected to exit through the second 
optical port. 

2. The optical apparatus of claim 1, wherein: 
each diffractive element set of the first group and the cor 

responding channel waveguide are arranged so as to 
route an optical signal entering through the first optical 
port within the corresponding wavelength band to the 
corresponding channel waveguide, back-reflect within 
the corresponding channel waveguide the optical signal 
thus routed if the corresponding back-reflecting means 
is in the reflecting operational state, and route the optical 
signal thus back-reflected to exit through the first optical 
port; and 

each diffractive element set of the second group and the 
corresponding channel waveguide are arranged so as to 
route an optical signal entering through the second opti 
cal port within the corresponding wavelength band to the 
corresponding channel waveguide, back-reflect within 
the corresponding channel waveguide the optical signal 
thus routed if the corresponding back-reflecting means 
is in the reflecting operational state, and route the optical 
signal thus back-reflected to exit through the second 
optical port. 

3. The optical apparatus of claim 1, wherein the slab 
waveguide with the first group of diffractive element sets, the 
slab waveguide with the second group of diffractive element 
sets, and the group of channel waveguides are integrated 
together on a common waveguide Substrate. 

4. The optical apparatus of claim 1, wherein: 
each diffractive element of at least one set of the first or 

second group is individually contoured and positioned 
So as to preferentially route a portion of an incident 
optical signal between the corresponding first or second 
optical port and the corresponding channel waveguide as 
the optical signal propagates within the slab waveguide; 
and 

the diffractive elements of the at least one set are collec 
tively arranged so as to exhibit a positional variation in 
amplitude, optical separation, or spatial phase over some 
portion of the set. 

5. The optical apparatus of claim 1, wherein: 
each diffractive element of at least one set of the first or 

second group diffracts a corresponding diffracted com 
ponent of an incident optical signal with a corresponding 
diffractive element transfer function between the corre 
sponding first or second optical port and the correspond 
ing channel waveguide; 

each diffractive element of the at least one set comprises at 
least one diffracting region having at least one altered 
optical property so as to enable diffraction of a portion of 
the incident optical signal; and 

the diffracting regions of each diffractive element of the at 
least one set are arranged so as to collectively provide a 
corresponding diffractive element transfer function 
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between the corresponding first or second optical port 
and the corresponding channel waveguide. 

6. The optical apparatus of claim 1, wherein: 
the multiple diffractive element sets of the first group are at 

least partly stacked, at least partly interleaved, or at least 
partly overlaid; or 

the multiple diffractive element sets of the second group 
are at least partly stacked, at least partly interleaved, or at 
least partly overlaid. 

7. The optical apparatus of claim 1, further comprising: 
a first circulator for separating an optical signal entering 

the first optical port from an optical signal exiting the 
first optical port; or 

a second circulator for separating an optical signal entering 
the second optical port from an optical signal exiting the 
second optical port. 

8. The optical apparatus of claim 1, wherein the corre 
sponding wavelength bands comprise channels of a wave 
length division multiplexing scheme. 

9. The optical apparatus of claim 1, wherein the corre 
sponding back-reflecting means comprises a waveguide grat 
ing formed in or on at least a portion of the corresponding 
channel waveguide and having a reflective bandwidth that 
Substantially encompasses the corresponding wavelength 
band in the reflective operational state and that substantially 
avoids the corresponding wavelength band in the transmitting 
operational state. 

10. The optical apparatus of claim 9, wherein each 
waveguide grating is adapted for Switching between the 
reflecting and transmitting operational states thermo-opti 
cally, electro-optically, nonlinear-optically, or by current 
injection. 

11. The optical apparatus of claim 1, wherein the corre 
sponding back-reflecting means comprises a corresponding 
movable mirror within a gap formed between segments of the 
corresponding channel waveguide, the mirror being posi 
tioned between the channel waveguide segments for back 
reflecting an optical signal from at least one of the channel 
waveguide segments in the reflective operational state, the 
mirror being positioned so as to leave substantially unob 
structed transmission of an optical signal along the channel 
waveguide segments in the transmitting operational state. 

12. A method, comprising: 
independently setting each one of a group of multiple chan 

nel waveguide back-reflecting means to either a reflect 
ing operational state or a transmitting operational state; 

receiving into a slab optical waveguide an input optical 
signal entering through a first optical port, the input 
optical signal comprising multiple wavelength channels 
within corresponding wavelength bands, the slab 
waveguide having a first group of multiple diffractive 
element sets formed in or on the slab waveguide and a 
second group of multiple diffractive element sets formed 
in or on the slab waveguide, each diffractive element set 
of the first group being optically coupled to a corre 
sponding diffractive element set of the second group by 
a corresponding channel waveguide arranged for routing 
an optical signal between the corresponding diffractive 
element sets of the first and second groups, each channel 
waveguide including a corresponding back-reflecting 
means, each diffractive element set of the first group 
being arranged so as to route an optical signal within a 
corresponding wavelength band between the first optical 
port and the corresponding channel waveguide, each 
diffractive element set of the second group being 
arranged so as to route the optical signal within the 
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corresponding wavelength band between the corre 
sponding channel waveguide and a second optical port; 
and 

receiving out of the slab waveguide an output optical signal 
exiting through the second optical port, the output opti 
cal signal comprising each corresponding wavelength 
channel of the input optical signal for which the corre 
sponding back-reflecting means is in the transmitting 
operational state, each Such corresponding wavelength 
channel entering through the input optical port, being 
routed by the corresponding diffractive element set of 
the first group from the first optical port into the corre 
sponding channel waveguide, being transmitted by the 
corresponding back-reflecting means, and being routed 
by the corresponding diffractive element set of the sec 
ond group to exit through the second optical port, 

and further comprising: 
receiving out of the slab waveguide a dropped optical sig 

nal exiting through the first optical port, the dropped 
optical signal comprising each corresponding wave 
length channel of the input optical signal for which the 
corresponding back-reflecting means is in the reflecting 
operational state, each Such wavelength channel enter 
ing through the input optical port, being routed by the 
corresponding diffractive element set of the first group 
from the first optical port into the corresponding channel 
waveguide, being reflected by the corresponding back 
reflecting means, and being routed by the corresponding 
diffractive element set of the first group to exit through 
the first optical port; or 

receiving into the slab waveguide a second input optical 
signal entering through the second optical port, the sec 
ond input optical signal comprising at least one wave 
length channel withina corresponding wavelength band, 
and receiving out of the slab optical waveguide an added 
optical signal exiting through the second optical port, the 
added optical signal comprising each corresponding 
wavelength channel of the second input signal for which 
the corresponding back-reflecting means is in the 
reflecting operational state, each Such wavelength chan 
nel entering through the second optical, being routed by 
the corresponding diffractive element set of the second 
group from the second optical port into the correspond 
ing channel waveguide, being reflected by the corre 
sponding back-reflecting means, and being routed by the 
corresponding diffractive element set of the second 
group from the corresponding channel waveguide to exit 
through the second optical port. 

13. The method of claim 12, comprising: 
receiving out of the slab waveguide a dropped optical sig 

nal exiting through the first optical port, the dropped 
optical signal comprising each corresponding wave 
length channel of the input optical signal for which the 
corresponding back-reflecting means is in the reflecting 
operational state, each Such wavelength channel enter 
ing through the input optical port, being routed by the 
corresponding diffractive element set of the first group 
from the first optical port into the corresponding channel 
waveguide, being reflected by the corresponding back 
reflecting means, and being routed by the corresponding 
diffractive element set of the first group to exit through 
the first optical port; and 

receiving into the slab waveguide a second input optical 
signal entering through the second optical port, the sec 
ond input optical signal comprising at least one wave 
length channel withina corresponding wavelength band, 
and receiving out of the slab optical waveguide an added 
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optical signal exiting through the second optical port, the 
added optical signal comprising each corresponding 
wavelength channel of the second input signal for which 
the corresponding back-reflecting means is in the 
reflecting operational state, each Such wavelength chan 
nel entering through the second optical, being routed by 
the corresponding diffractive element set of the second 
group from the second optical port into the correspond 
ing channel waveguide, being reflected by the corre 
sponding back-reflecting means, and being routed by the 
corresponding diffractive element set of the second 
group from the corresponding channel waveguide to exit 
through the second optical port. 

14. The method of claim 12, wherein the slab waveguide 
with the first group of diffractive element sets, the slab 
waveguide with the second group of diffractive element sets, 
and the group of channel waveguides are integrated together 
on a common waveguide Substrate. 

15. The method of claim 12, wherein: 
each diffractive element of at least one set of the first or 

second group is individually contoured and positioned 
So as to preferentially route a portion of an incident 
optical signal between the corresponding first or second 
optical port and the corresponding channel waveguide as 
the optical signal propagates within the slab waveguide; 
and 

the diffractive elements of the at least one set are collec 
tively arranged so as to exhibit a positional variation in 
amplitude, optical separation, or spatial phase over some 
portion of the set. 

16. The method of claim 12, wherein: 
each diffractive element of at least one set of the first or 

second group diffracts a corresponding diffracted com 
ponent of an incident optical signal with a corresponding 
diffractive element transfer function between the corre 
sponding first or second optical port and the correspond 
ing channel waveguide; 

each diffractive element of the at least one set comprises at 
least one diffracting region having at least one altered 
optical property so as to enable diffraction of a portion of 
the incident optical signal; and 

the diffracting regions of each diffractive element of the at 
least one set are arranged so as to collectively provide a 
corresponding diffractive element transfer function 
between the corresponding first or second optical port 
and the corresponding channel waveguide. 

17. The method of claim 12, wherein: 
the multiple diffractive element sets of the first group are at 

least partly stacked, at least partly interleaved, or at least 
partly overlaid; or 

the multiple diffractive element sets of the second group 
are at least partly stacked, at least partly interleaved, or at 
least partly overlaid. 

18. The method of claim 12, further comprising: 
receiving the input optical signal entering through the first 

optical port from a first circulator, and receiving the 
dropped optical signal exiting through the first optical 
port through the first circulator; 

receiving the input optical signal entering through the first 
optical port from the first circulator, and receiving the 
transmitted wavelength channels thereof exiting 
through the second optical port through a second circu 
lator; or 

receiving the second input optical signal entering through 
the second optical port from the second circulator, and 
receiving the added optical signal exiting through the 
second optical port through the second circulator. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

24 
19. The method of claim 12, wherein the corresponding 

wavelength bands comprise channels of a wavelength divi 
sion multiplexing scheme. 

20. The method of claim 12, wherein the corresponding 
back-reflecting means comprises a waveguidegrating formed 
in or on at least a portion of the corresponding channel 
waveguide and having a reflective bandwidth that Substan 
tially encompasses the corresponding wavelength band in the 
reflective operational state and that substantially avoids the 
corresponding wavelength band in the transmitting opera 
tional state. 

21. The method of claim 20, wherein the waveguide grating 
is adapted for Switching between the reflecting and transmit 
ting operational states thermo-optically, electro-optically, 
nonlinear-optically, or by current injection. 

22. The method of claim 12, wherein the corresponding 
back-reflecting means comprises a corresponding movable 
mirror within a gap formed between segments of the corre 
sponding channel waveguide, the mirror being positioned 
between the channel waveguide segments for back-reflecting 
an optical signal from one of the channel waveguide segments 
in the reflective operational state, the mirror being positioned 
So as to leave Substantially unobstructed transmission of an 
optical signal along the channel waveguide segments in the 
transmitting operational state. 

23. An optical apparatus, comprising: 
a first group of multiple diffractive element sets formed in 

or on a slab waveguide; 
a second group of multiple diffractive element sets formed 

in or on a slab waveguide; 
a first group of multiple channel waveguides, each channel 

waveguide of the first group being arranged for routing 
an optical signal between a corresponding diffractive 
element set of the first group and a corresponding dif 
fractive element set of the second group; 

a second group of multiple channel waveguides, eachchan 
nel waveguide of the second group being arranged for 
routing an optical signal from a corresponding one of 
multiple add optical ports or to a corresponding one of 
multiple drop optical ports; and 

a group of multiple optical Switches each independently 
switchable between a non-switched operational state 
and a Switched operational state, 

wherein: 
each set of diffractive elements of the first group is 

arranged so as to route an optical signal within a corre 
sponding wavelength band between a first optical port 
and the corresponding channel waveguide of the first 
group, and each set of diffractive elements of the second 
group is arranged so as to route an optical signal within 
the corresponding wavelength band between a second 
optical port and the corresponding channel waveguide of 
the first group; 

each channel waveguide of the first group is coupled to a 
corresponding channel waveguide of the second group 
by a corresponding one of the multiple optical Switches; 
and 

each diffractive element set of the first group, the corre 
sponding channel waveguide of the first group, and the 
corresponding diffractive element set of the second 
group are arranged so as to route an optical signal enter 
ing through the first optical port within the correspond 
ing wavelength band to the corresponding channel 
waveguide of the first group, transmit through the cor 
responding channel waveguide of the first group the 
optical signal thus routed if the corresponding optical 
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Switch is in the non-Switched operational State, and route 
the optical signal thus transmitted to exit through the 
second optical port, 

and wherein: 
each diffractive element set of the first group, the corre 

sponding channel waveguide of the first group, and the 
corresponding channel waveguide of the second group 
are arranged so as to route an optical signal entering 
through the first optical port within the corresponding 
wavelength band to the corresponding channel 
waveguide of the first group, Switch into the correspond 
ing channel waveguide of the second group the optical 
signal thus routed if the corresponding optical Switch is 
in the Switched operational State, and transmit the optical 
signal thus Switched to exit through the corresponding 
drop optical port; or 

each diffractive element set of the second group, the cor 
responding channel waveguide of the first group, and the 
corresponding channel waveguide of the second group 
are arranged so as to route an optical signal within the 
corresponding wavelength band entering the corre 
sponding channel waveguide of the second group 
through the corresponding add optical port to the corre 
sponding optical Switch, Switch into the corresponding 
channel waveguide of the first group the optical signal 
thus routed if the corresponding optical Switch is in the 
Switched operational State, and transmit the optical sig 
nal thus Switched to exit through the second optical port. 

24. The optical apparatus of claim 23, wherein: 
each channel waveguide of the second group routes an 

optical signal between the corresponding add optical 
port and the corresponding drop optical port; 

each diffractive element set of the first group, the corre 
sponding channel waveguide of the first group, and the 
corresponding channel waveguide of the second group 
are arranged so as to route an optical signal entering 
through the first optical port within the corresponding 
wavelength band to the corresponding channel 
waveguide of the first group, Switch into the correspond 
ing channel waveguide of the second group the optical 
signal thus routed if the corresponding optical Switch is 
in the Switched operational State, and transmit the optical 
signal thus Switched to exit through the corresponding 
drop optical port; and 

each diffractive element set of the second group, the cor 
responding channel waveguide of the first group, and the 
corresponding channel waveguide of the second group 
are arranged so as to route an optical signal within the 
corresponding wavelength band entering the corre 
sponding channel waveguide of the second group 
through the corresponding add optical port to the corre 
sponding optical Switch, Switch into the corresponding 
channel waveguide of the first group the optical signal 
thus routed if the corresponding optical Switch is in the 
Switched operational State, and transmit the optical sig 
nal thus Switched to exit through the second optical port. 

25. The optical apparatus of claim 23, wherein the slab 
waveguide with the first group of diffractive element sets, the 
slab waveguide with the second group of diffractive element 
sets, the first group of channel waveguides, and the second 
group of channel waveguides are integrated together on a 
common waveguide Substrate. 

26. The optical apparatus of claim 23, wherein: 
each diffractive element of at least one set of the first or 

second group is individually contoured and positioned 
So as to preferentially route a portion of an incident 
optical signal between the corresponding first or second 
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optical port and the corresponding channel waveguide as 
the optical signal propagates within the slab waveguide; 
and 

the diffractive elements of the at least one set are collec 
tively arranged so as to exhibit a positional variation in 
amplitude, optical separation, or spatial phase over some 
portion of the set. 

27. The optical apparatus of claim 23, wherein: 
each diffractive element of at least one set of the first or 

second group diffracts a corresponding diffracted com 
ponent of an incident optical signal with a corresponding 
diffractive element transfer function between the corre 
sponding first or second optical port and the correspond 
ing channel waveguide; 

each diffractive element of the at least one set comprises at 
least one diffracting region having at least one altered 
optical property so as to enable diffraction of a portion of 
the incident optical signal; and 

the diffracting regions of each diffractive element of the at 
least one set are arranged so as to collectively provide a 
corresponding diffractive element transfer function 
between the corresponding first or second optical port 
and the corresponding channel waveguide. 

28. The optical apparatus of claim 23, wherein: 
the multiple diffractive element sets of the first group are at 

least partly stacked, at least partly interleaved, or at least 
partly overlaid; or 

the multiple diffractive element sets of the second group 
are at least partly stacked, at least partly interleaved, or at 
least partly overlaid. 

29. The optical apparatus of claim 23, wherein the corre 
sponding wavelength bands comprise channels of a wave 
length division multiplexing scheme. 

30. A method, comprising: 
independently setting each one of a group of multiple opti 

cal Switches to either a non-Switched operational state or 
a Switched operational State; 

receiving into a slab optical waveguide an input optical 
signal entering through a first optical port, the input 
optical signal comprising multiple wavelength channels 
within corresponding wavelength bands, the slab 
waveguide having a first group of multiple diffractive 
element sets formed in or on the slab waveguide and a 
second group of multiple diffractive element sets formed 
in or on the slab waveguide, each diffractive element of 
the first group being optical coupled to a corresponding 
diffractive element set of the second group by a corre 
sponding one of a first group of channel waveguides 
arranged for routing an optical signal between the cor 
responding diffractive element sets of the first and sec 
ond groups, each channel waveguide of the first group 
being coupled to a corresponding one of a second group 
of channel waveguides by a corresponding optical 
Switch, each channel waveguide of the second group 
being arranged for routing an optical signal from a cor 
responding one of multiple add optical ports or to a 
corresponding one of multiple drop optical ports, each 
diffractive element set of the first group being arranged 
So as to route an optical signal within a corresponding 
wavelength band between the first optical port and the 
corresponding channel waveguide of the first group, 
each diffractive element set of the second group being 
arranged so as to route the optical signal within the 
corresponding wavelength band between the corre 
sponding channel waveguide of the first group and a 
second optical port; and 
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receiving out of the slab waveguide an output optical signal 
exiting through the second optical port, the output opti 
cal signal comprising each corresponding wavelength 
channel of the input optical signal for which the corre 
sponding optical Switch is in the non-Switched opera 
tional state, each Such corresponding wavelength chan 
nel entering through the input optical port, being routed 
by the corresponding diffractive element set of the first 
group from the first optical port to the corresponding 
channel waveguide of the first group, being transmitted 
through the corresponding channel waveguide of the 
first group, and being routed by the corresponding dif 
fractive element set of the second group to exit through 
the second optical port, 

and further comprising: 
receiving out of the slab waveguide at least one dropped 

optical signal exiting through a corresponding drop opti 
cal port, each dropped optical signal comprising the 
corresponding wavelength channel for which the corre 
sponding optical Switch is in the Switched operational 
state, each Such wavelength channel entering through 
the first optical port, being routed by the corresponding 
diffractive element set of the first group from the first 
optical port to the corresponding channel waveguide of 
the first group, being Switched into the corresponding 
channel waveguide of the second group, and being trans 
mitted to exit through the corresponding drop optical 
port; or 

receiving through the corresponding add optical port into 
the corresponding channel waveguide of the second 
group an added optical signal within the corresponding 
wavelength band, and receiving out of the slab 
waveguide the added optical signal exiting through the 
second optical port if the corresponding optical Switch is 
in the Switched operational state, the added optical sig 
nal entering through the corresponding add optical port, 
being routed by the corresponding channel waveguide of 
the second group from the corresponding add optical 
port to the optical switch, being switched by the corre 
sponding optical Switch into the corresponding channel 
waveguide of the first group, and being routed by the 
corresponding diffractive element set of the second 
group to exit through the second optical port. 

31. The method of claim 30, comprising: 
receiving out of the slab waveguide at least one dropped 

optical signal exiting through a corresponding drop opti 
cal port, each dropped optical signal comprising the 
corresponding wavelength channel for which the corre 
sponding optical Switch is in the Switched operational 
state, each Such wavelength channel entering through 
the first optical port, being routed by the corresponding 
diffractive element set of the first group from the first 
optical port to the corresponding channel waveguide of 
the first group, being Switched into the corresponding 
channel waveguide of the second group, and being trans 
mitted to exit through the corresponding drop optical 
port; and 

receiving through the corresponding add optical port into 
the corresponding channel waveguide of the second 
group an added optical signal within the corresponding 
wavelength band, and receiving out of the slab 
waveguide the added optical signal exiting through the 
second optical port if the corresponding optical Switch is 
in the Switched operational state, the added optical sig 
nal entering through the corresponding add optical port, 
being routed by the corresponding channel waveguide of 
the second group from the corresponding add optical 
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port to the optical switch, being switched by the corre 
sponding optical Switch into the corresponding channel 
waveguide of the first group, and being routed by the 
corresponding diffractive element set of the second 
group to exit through the second optical port. 

32. The method of claim 30, wherein the slab waveguide 
with the first group of diffractive element sets, the slab 
waveguide with the second group of diffractive element sets, 
the first group of channel waveguides, and the second group 
of channel waveguides are integrated together on a common 
waveguide Substrate. 

33. The method of claim 30, wherein: 
each diffractive element of at least one set of the first or 

second group is individually contoured and positioned 
So as to preferentially route a portion of an incident 
optical signal between the corresponding first or second 
optical port and the corresponding channel waveguide as 
the optical signal propagates within the slab waveguide; 
and 

the diffractive elements of the at least one set are collec 
tively arranged so as to exhibit a positional variation in 
amplitude, optical separation, or spatial phase over some 
portion of the set. 

34. The method of claim 30, wherein: 
each diffractive element of at least one set of the first or 

second group diffracts a corresponding diffracted com 
ponent of an incident optical signal with a corresponding 
diffractive element transfer function between the corre 
sponding first or second optical port and the correspond 
ing channel waveguide; 

each diffractive element of the at least one set comprises at 
least one diffracting region having at least one altered 
optical property so as to enable diffraction of a portion of 
the incident optical signal; and 

the diffracting regions of each diffractive element of the at 
least one set are arranged so as to collectively provide a 
corresponding diffractive element transfer function 
between the corresponding first or second optical port 
and the corresponding channel waveguide. 

35. The method of claim 30, wherein: 
the multiple diffractive element sets of the first group are at 

least partly stacked, at least partly interleaved, or at least 
partly overlaid; or 

the multiple diffractive element sets of the second group 
are at least partly stacked, at least partly interleaved, or at 
least partly overlaid. 

36. The method of claim 30, wherein the corresponding 
wavelength bands comprise channels of a wavelength divi 
sion multiplexing scheme. 

37. An optical apparatus, comprising: 
at least a first group of multiple diffractive element sets 

formed in or on a slab waveguide, and 
a group of multiple channel waveguides, each channel 

waveguide of the group including a corresponding Swit 
chable reflector having a transmission operational state 
and a reflection operational state, 

wherein each diffractive element set of said at least the first 
group is arranged to route an optical signal within a 
corresponding wavelength band between a first optical 
port and the corresponding channel waveguide, and 
between a second optical port and the corresponding 
channel waveguide, 

wherein in the transmission operational state to pass a first 
channel: 
each diffractive element set of said at least the first group 
and the corresponding channel waveguide are 
arranged so as to route a first optical signal entering 
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through the first optical port to the corresponding 
channel waveguide, transmit through the correspond 
ing channel waveguide the first optical signal thus 
routed if the corresponding switchable reflector is in 
the transmission operational state, and route the first 
optical signal thus transmitted to exit through the 
second optical port, 

and wherein in the reflection operational state to drop a 
second channel: 
each diffractive element set of said at least the first group 
and the corresponding channel waveguide are 
arranged so as to route a second optical signal enter 
ing through the first optical port to the corresponding 
channel waveguide, back-reflect within the corre 
sponding channel waveguide the second optical sig 
nal thus routed if the corresponding switchable reflec 
tor is in the reflection operational state, and route the 
second optical signal thus back-reflected to exit 
through the first optical port. 

38. The optical apparatus of claim 37 wherein the corre 
sponding switchable reflector having the transmission opera 
tional state and the reflection operational State includes a 
waveguide grating. 

39. The optical apparatus of claim 37 wherein the at least 
the first group of multiple diffractive element sets includes: 

a first group of diffractive elements arranged to said route 
the optical signal within the corresponding wavelength 
band between the first optical port and the correspond 
ing channel waveguide, and 

a second group of diffractive elements arranged to said 
route the optical signal within the corresponding wave 
length band between the second optical port and the 
corresponding channel waveguide. 

40. The optical apparatus of claim 37 wherein the slab 
waveguide with the at least the first group of diffractive ele 
ment sets or the channel waveguides each with the corre 
sponding Switchable reflector are formed on a separate 
waveguide substrate. 

41. An optical apparatus, comprising: 
at least a first group of multiple diffractive element sets 
formed in or on a slab waveguide, and 

a group of multiple channel waveguides, each channel 
waveguide of the group including a corresponding Swit 
chable reflector having a transmission operational State 
and a reflection operational state, 

wherein each diffractive element set of said at least the first 
group is arranged to route an optical signal within a 
corresponding wavelength band between a first optical 
port and the corresponding channel waveguide, and 
between a second optical port and the corresponding 
channel waveguide, 

wherein in the transmission operational state to pass a first 
channel: 
each diffractive element set of said at least the first group 
and the corresponding channel waveguide are 
arranged so as to route a first optical signal entering 
through the first optical port to the corresponding 
channel waveguide, transmit through the correspond 
ing channel waveguide the first optical signal thus 
routed if the corresponding switchable reflector is in 
the transmission operational state, and route the first 
optical signal thus transmitted to exit through the 
second optical port, 

and wherein in the reflection operational state to add a 
second channel: 
each diffractive element set of said at least the first group 
and the corresponding channel waveguide are 
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arranged so as to route a second optical signal enter 
ing through the second optical port to the correspond 
ing channel waveguide, back-reflect within the corre 
sponding channel waveguide the second optical 
signal thus routed if the corresponding Switchable 
reflector is in the reflection operational state, and 
route the second optical signal thus back-reflected to 
exit through the second optical port. 

42. The optical apparatus of claim 41 wherein the corre 
sponding switchable reflector having the transmission opera 
tional state and the reflection operational state includes a 
waveguide grating. 

43. The optical apparatus of claim 41 wherein the at least 
the first group of multiple diffractive element sets includes: 

a first group of diffractive elements arranged to said route 
the optical signal within the corresponding wavelength 
band between the first optical port and the correspond 
ing channel waveguide, and 

a second group of diffractive elements arranged to said 
route the optical signal within the corresponding wave 
length band between the second optical port and the 
corresponding channel waveguide. 

44. A method, comprising: 
setting a switchable element, associated with at least one 

corresponding channel waveguide of a group of multiple 
channel waveguides, to a first operational State or to a 
second operational state, and 

routing, by at least one diffractive element set of at least a 
first group of multiple diffractive element sets formed in 
Or on a slab waveguide, an optical signal between a first 
optical port and said at least one corresponding channel 
waveguide, and between a second optical port and said 
at least one corresponding channel waveguide, 

wherein in the first operational state to pass a first channel, 
said routing includes: 
directing, by the at least one diffractive element set of 

said at least the first group to said at least one corre 
sponding channel waveguide, a first optical signal 
that enters through the first optical port, and 

transmitting, through said at least one corresponding 
channel waveguide by the Switchable element that has 
been set to the first operational state, the first optical 
signal thus directed so as to exit through the second 
optical port, 

wherein the Switchable element includes a waveguide grat 
ing, and 

wherein in the second operational state to drop a second 
channel, said routing includes: 
directing, by at least one diffractive element set of said at 

least the first group to said at least one corresponding 
channel waveguide, a second optical signal that 
enters through the first optical port, and 

back-reflecting within said at least one corresponding 
channel waveguide, by the waveguide grating that has 
been set to the second operational State, the second 
optical signal thus directed so as to exit through the 
first optical port. 

45. A method, comprising: 
setting a switchable element, associated with at least one 

corresponding channel waveguide of a group of multiple 
channel waveguides, to a first operational State or to a 
second operational state, and 

routing, by at least one diffractive element set of at least a 
first group of multiple diffractive element sets formed in 
Or on a slab waveguide, an optical signal between a first 
optical port and said at least one corresponding channel 
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waveguide, and between a second optical port and said 
at least one corresponding channel waveguide, 

wherein in the first operational state to pass a first channel, 
said routing includes: 
directing, by the at least one diffractive element set of 5 

said at least the first group to said at least one corre 
sponding channel waveguide, a first optical signal 
that enters through the first optical port, and 

transmitting, through said at least One corresponding 
channel waveguide by the switchable element that has 
been set to the first operational state, the first optical 
signal thus directed so as to exit through the second 
optical port, 

wherein the Switchable element includes a waveguide grat 
ing, and 

wherein in the second operational State to add a second 
channel, said routing includes: 
directing, by at least one diffractive element set of said at 

least the first group to said at least one corresponding 
channel waveguide, a second optical signal that 
enters through the second optical port, and 

back-reflecting within said at least one corresponding 
channel waveguide, by the waveguide grating that has 
been set to the second operational state, the second 
optical signal thus directed so as to exit through the 
second optical port. 

46. An optical telecommunication system, comprising: 
a first device, 
a second device, 
a reconfigurable optical apparatus to communicate optical 

signals with the first and second devices, the reconfig 
urable optical apparatus including: 
a Switchable element, associated with at least one cor 

responding channel waveguide of a group of multiple 
channel waveguides, and configurable to Switch to a 
first operational State or to a second operational 
state, and 

at least a first group of multiple diffractive element sets 
formed in or on a slab waveguide, at least one diffrac 
tive element set being configured to route an optical 
signal between a first optical port and said at least one 
corresponding channel waveguide, and between a 
second optical port and said at least one correspond 
ing channel waveguide, 

wherein in the first operational state to pass a first channel: 
said at least one diffractive element set of said at least the 

first group is configured to direct, to said at least one 
corresponding channel waveguide, a first optical sig 
nal from the first device that enters through the first 
optical port, and 

the switchable element, which has been set to the first 
operational state, is configured to transmit the first 
optical signal thus directed through said at least one 
corresponding channel waveguide so as to exit 
through the second optical port and reach the second 
device, 

wherein the Switchable element includes a waveguide grat 
ing, 

wherein in the second operational State, the optical appa 
ratus is configured to operate as a drop multiplexer to 
drop a second channel, and 

wherein in the second operational state to drop the second 
channel: 
said at least one diffractive element set of said at least the 

first group is configured to direct, to said at least one 
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corresponding channel waveguide, a second optical 
signal from the first optical device that enters through 
the first optical port, and 

the waveguide grating set to the second operational 
state is configured to back-reflect, within said at least 
One corresponding channel waveguide, the second 
optical signal thus directed so as to exit through the 
first optical port. 

47. An optical telecommunication system, comprising: 
a first device, 
a second device, 
a reconfigurable optical apparatus to communicate optical 

signals with the first and second devices, the reconfig 
urable optical apparatus including: 
a Switchable element, associated with at least one cor 

responding channel waveguide of a group of multiple 
channel waveguides, and configurable to Switch to a 
first operational State or to a second operational 
state, and 

at least a first group of multiple diffractive element sets 
formed in or on a slab waveguide, at least one diffrac 
tive element set being configured to route an optical 
signal between a first optical port and said at least one 
corresponding channel waveguide, and between a 
second optical port and said at least one correspond 
ing channel waveguide, 

wherein in the first operational state to pass a first channel. 
said at least one diffractive element set of said at least the 

first group is configured to direct, to said at least one 
corresponding channel waveguide, a first optical sig 
nal from the first device that enters through the first 
optical port, and 

the switchable element, which has been set to the first 
operational state, is configured to transmit the first 
optical signal thus directed through said at least one 
corresponding channel waveguide so as to exit 
through the second optical port and reach the second 
device, 

wherein the Switchable element includes a waveguide grat 
ing, 

wherein in the second operational state, the optical appa 
ratus is configured to operate as an add multiplexer to 
add a second channel, and 

wherein in the second operational State to add the second 
channel: 
said at least one diffractive element set of said at least the 

first group is configured to direct, to said at least one 
corresponding channel waveguide, a second optical 
signal from the second device that enters through the 
second optical port, and 

the waveguide grating set to the second operational 
state is configured to back-reflect, within said at least 
One corresponding channel waveguide, the second 
optical signal thus directed so as to exit through the 
second optical port and reach the second device. 

48. An apparatus, comprising: 
at least a first group of multiple diffractive element sets 

formed in or on a slab waveguide, and 
a group of multiple channel waveguides, each channel 

waveguide of the group including a corresponding Swit 
chable reflector having a transmission operational state 
and a reflection operational state, 

wherein each diffractive element set of said at least the first 
group is arranged to route an optical signal between a 
first optical port and the corresponding channel 
waveguide, and between a second optical port and the 
corresponding channel waveguide, 
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wherein in the reflection operational state to drop a first 
channel: 

at least one diffractive element set of said at least the first 
group and the corresponding channel waveguide are 
arranged so as to route a first optical signal entering 
through the first optical port to the corresponding 
channel waveguide, back-reflect within the corre 
sponding channel waveguide the first optical signal 
thus routed, and route the first optical signal thus 
back-reflected to exit through the first optical port, 

and wherein in the reflection operational state to add a 
second channel: 

at least one diffractive element set of said at least the first 
group and the corresponding channel waveguide are 
arranged so as to route a second optical signal enter 
ing through the second optical port to the correspond 
ing channel waveguide, back-reflect within the corre 
sponding channel waveguide the second optical 
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signal thus routed, and route the second optical signal 
thus back-reflected to exit through the second optical 
port. 

49. The apparatus of claim 48 wherein in the transmission 
operational state, at least one diffractive element set of said at 
least the first group and the corresponding channel 
waveguide are arranged so as to route third optical signal, 
entering through the first optical port and transmitted 
through the corresponding channel waveguide, to exit 
through the second optical port. 

50. The apparatus of claim 48 wherein the corresponding 
switchable reflector having the transmission operational 
state and the reflection operational State includes a 
waveguide grating. 

51. The apparatus of claim 48 wherein the corresponding 
switchable reflector having the transmission operational 
state and the reflection operational state includes an optical 
Switch. 
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