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(7) ABSTRACT

A planar optical waveguide has sets of diffractive elements,
each routing between input and output optical ports dif-
fracted portions of an input optical signal. The diffractive
elements are arranged so that the impulse response function
of the diffractive element set comprises a reference temporal
waveform or its time-reverse.

A planar optical waveguide has NxM sets of diffractive
elements, each routing between corresponding input and
output optical ports corresponding diffracted portions of an
input optical signal. The NxM diffractive element sets, NxM
input optical ports, and N 1xM optical switches enable
routing of an input optical signal any of the N input optical
sources to any of the M output optical ports based on the
operational state of the corresponding 1xM optical switch.
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OPTICAL WAVEFORM RECOGNITION
AND/OR GENERATION AND OPTICAL
SWITCHING

RELATED APPLICATIONS

This application claims benefit of prior-filed provisional
Application No. 60/474,878 entitled “Optical packet header
coder/decoder systems and optical switch based on holo-
graphic Bragg reflectors” filed May 30, 2003 in the names
of Lawrence D. Brice, Christoph M. Greiner, Thomas W.
Mossberg, and Dmitri lazikov, said provisional application
being hereby incorporated by reference as if fully set forth
herein.

This application is a continuation-in-part of prior-filed
U.S. non-provisional application Ser. No. 10/653,876
entitled “Amplitude and phase control in distributed optical
structures” filed Sep. 2, 2003 now U.S. Pat. No. 6,829,417
in the names of Christoph M. Greiner, Dmitri lazikov, and
Thomas W. Mossberg, which is in turn a continuation-in-
part of U.S. non-provisional application Ser. No. 10/229,444
entitled “Amplitude and phase control in distributed optical
structures” filed Aug. 27, 2002 in the names of Thomas W.
Mossberg and Christoph M. Greiner, now U.S. Pat. No.
6,678,429 issued Jan. 13, 2004. Each of said application and
said patent are hereby incorporated by reference as if fully
set forth herein application Ser. No. 10/229,444 in turn
claims benefit of provisional Application No. 60/315,302
entitled “Effective gray scale in lithographically scribed
planar holographic devices” filed Aug. 27, 2001 in the name
of Thomas W. Mossberg, and provisional Application No.
60/370,182 entitled “Amplitude and phase controlled dif-
fractive elements” filed Apr. 4, 2002 in the names of Thomas
W. Mossberg and Christoph M. Greiner, both of said pro-
visional applications being hereby incorporated by reference
as if fully set forth herein.

This application is a continuation-in-part of prior-filed
non-provisional application Ser. No. 09/811,081 entitled
“Holographic spectral filter” filed Mar. 16, 2001 now U.S.
Pat. No. 6,879,441 in the name of Thomas W. Mossberg, and
a continuation-in-part of prior-filed non-provisional appli-
cation Ser. No. 09/843,597 entitled “Optical processor” filed
Apr. 26, 2001 in the name of Thomas W. Mossberg, appli-
cation Ser. No. 09/843,597 in turn being a continuation-in-
part of said application Ser. No. 09/811,081. Said application
Ser. No. 09/811,081 in turn claims benefit of: 1) provisional
Application No. 60/190,126 filed Mar. 16, 2000; 2) provi-
sional Application No. 60/199,790 filed Apr. 26, 2000; 3)
provisional Application No. 60/235,330 filed Sep. 26, 2000;
and 4) provisional Application No. 60/247,231 filed Nov. 10,
2000. Each of said non-provisional applications and each of
said provisional applications are hereby incorporated by
reference as if fully set forth herein.

BACKGROUND

The field of the present invention relates to optical devices
incorporating distributed optical structures. In particular,
methods and apparatus for optical waveform recognition
and/or generation and for optical switching, with distributed
optical structures, are disclosed herein.

SUMMARY

An optical apparatus comprises a planar optical
waveguide having at least one set of diffractive elements.
Each diffractive element set routes, between corresponding
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2

input and output optical ports with a corresponding impulse
response function, a corresponding diffracted portion of an
input optical signal propagating in the planar waveguide that
is diffracted by the diffractive element set. The input optical
signal has an input temporal waveform, the output optical
signal has an output temporal waveform, and the output
temporal waveform is given by a convolution of the input
temporal waveform and the impulse response function. The
input optical signal is successively incident on the diffractive
elements. The diffractive elements of the set are arranged so
that the corresponding impulse response function is propor-
tional to one of i) a corresponding reference temporal
waveform, or ii) a time-reverse of the corresponding refer-
ence temporal waveform.

An optical apparatus comprises a planar optical
waveguide having NxM sets of diffractive elements, and a
set of N 1xM optical switches. Each diffractive element set
routes, between a corresponding one of NxM input optical
ports and a corresponding one of M output optical ports, a
corresponding diffracted portion of an input optical signal
propagating in the planar waveguide that is diffracted by the
diffractive element set. The input optical signal is succes-
sively incident on the diffractive elements. For each pair of
one of the NxM input optical ports and one of the M output
optical ports there is a corresponding one of the NxM
diffractive element sets that routes an optical signal ther-
ebetween. Each 1xM optical switch couples a corresponding
one of N input optical sources to a corresponding one of N
disjoint subsets of M input optical ports, so that an input
optical signal from any one of the N input optical sources
may be routed to any one of the M output optical ports based
on the operational state of the corresponding 1xM optical
switch.

Objects and advantages pertaining to recognition and/or
generation of optical waveforms and optical switching may
become apparent upon referring to the disclosed embodi-
ments as illustrated in the drawings and disclosed in the
following written description and/or claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates schematically transformation of an input
optical signal by a diffractive element set.

FIG. 2 illustrates schematically optical temporal wave-
form recognition using a diffractive element set.

FIG. 3 illustrates schematically multiple overlaid diffrac-
tive element sets.

FIG. 4 illustrates schematically multiple overlaid diffrac-
tive element sets and a photodetector array.

FIG. 5 illustrates schematically two devices for recogniz-
ing sub-waveforms of an optical waveform.

FIG. 6 illustrates schematically generation of an optical
waveform using a diffractive element set.

FIG. 7 illustrates schematically generation any of a select-
able set of optical waveforms using an optical switch and
multiple diffractive element sets.

FIG. 8 illustrates schematically optical waveform conver-
sion using two diffractive element sets.

FIG. 9 illustrates schematically an 8x8 optical switch
using 8 1x8 optical switches and an 8x8 array of diffractive
element sets.

FIG. 10 illustrates a hybrid optical and electronic optical
waveform routing system.

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.
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3
DETAILED DESCRIPTION OF EMBODIMENTS

An optical apparatus according to the present disclosure
comprises a planar optical waveguide having at least one set
of diffractive elements. The planar optical waveguide sub-
stantially confines in one transverse dimension optical sig-
nals propagating in the other two spatial dimensions. The
planar waveguide typically comprises a core (a two-dimen-
sional sheet or layer) surrounded by lower-index cladding.
The core is fabricated using one or more dielectric materials
substantially transparent over a desired operating wave-
length range. In some instances one or both claddings may
be vacuum, air, or other ambient atmosphere. More typi-
cally, one or both claddings comprise layers of dielectric
material(s), with the cladding refractive indices n; and n,
typically being smaller than the core refractive index n_,,.
(In some instances in which short optical paths are employed
and some degree of optical loss can be tolerated, the
cladding indices might be larger than the core index while
still enabling the planar waveguide to support guided, albeit
lossy, optical modes.) The planar waveguide may be secured
to a substrate, for facilitating manufacture, for mechanical
support, and/or for other reasons.

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 directional photonic-bandgap
structure; a mode-selective photonic crystal; or other equiva-
lent terms of art. Each diffractive element of the set diffracts,
reflects, scatters, or otherwise redirects a portion of an
incident optical signal (said process hereinafter simply
referred to as diffraction). Each diffractive element of the set
typically comprises some suitable alteration of the planar
waveguide (ridge, groove, index modulation, density modu-
lation, and so on), and is spatially defined by a virtual
two-dimensional curvilinear diffractive element contour, the
curvilinear shape of the contour typically being configured
to impart desired spatial characteristics onto the diffracted
portion of the optical signal. 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 curvilinear diffractive
element is shaped to direct its diffracted portion of the
optical signal to an output optical port. The relative spatial
arrangement (e.g. longitudinal spacing) of the diffractive
elements of the set, and the 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 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
functionally (i.e., by a spatial location, convergence/diver-
gence/collimation, and/or propagation direction). For a
single-mode planar waveguide, such a set of diffractive
elements 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 curvilinear diffractive elements of the set (or equiva-
lently, their corresponding contours) are spatially arranged
with respect to one another so that the corresponding por-
tions of the optical signal diffracted by each element inter-
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4

fere 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 diffractive elements and routed between the input
and output optical ports. The diffractive elements in the set
are arranged so that an input optical signal, entering the
planar waveguide through an input optical port, is succes-
sively 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) traces a path (i.e., a
“ray path”) through the diffractive element set that succes-
sively 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 fraction 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 successively incident
optical signal therefore interacts with many diffractive ele-
ments 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 trans-
versely across the wavefront of a normally incident optical
signal, and a given spatial portion of the wavefront of such
a signal therefore interacts with only one or at most a few
adjacent diffractive elements).

The set of diffractive elements provides dual functional-
ity, spatially routing an optical signal between an input
optical port and an output optical port, while at the same
time acting to impart a spectral/temporal transfer function
onto the input optical signal to yield an output optical signal.
The curvilinear diffractive elements may be designed (by
computer generation, for example) so as to provide optimal
routing, imaging, or focusing of the optical signal between
an input optical port and a desired output optical port, thus
reducing or minimizing insertion loss. Simple curvilinear
diffractive elements (segments of circles, ellipses, parabolas,
hyperbolas, and so forth), if not optimal, may be employed
as approximations of fully optimized contours. 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 hereinabove. The following are exemplary
only, and are not intended to be exhaustive.

Diffractive elements may be formed lithographically on
the surface of a planar optical waveguide, or at one or both
interfaces between core and cladding of a planar optical
waveguide. Diffractive contours may be formed lithographi-
cally in the interior of the core layer and/or a cladding layer
of the planar optical waveguide using one or more spatial
lithography 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 diffrac-
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