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(57) ABSTRACT

A slab optical waveguide confines in one transverse dimen-
sion optical signals propagating in two dimensions therein,
and has a set of diffractive elements collectively arranged so
as to exhibit positional variation in amplitude, optical sepa-
ration, or spatial phase. The diffractive elements are collec-
tively arranged so as to apply a transfer function to an input
optical signal to produce an output optical signal. The
transfer function is determined at least in part by said
positional variation in amplitude, optical separation, or
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spatial phase. The waveguide and diffractive elements are gates unconfined by the waveguide in a direction having a
arranged so as to confine only one of the input and output substantial component along the confined dimension of the
optical signals to propagate in the waveguide so that the waveguide.

optical signal thus confined is successively incident on the
diffractive elements, while the other optical signal propa- 24 Claims, 23 Drawing Sheets
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DISTRIBUTED OPTICAL STRUCTURES IN A
PLANAR WAVEGUIDE COUPLING
IN-PLANE AND OUT-OF-PLANE OPTICAL
SIGNALS

BENEFIT CLAIMS TO RELATED
APPLICATIONS

This application is a continuation of U.S. non-provisional
App. No. 11/055,559 filed Feb. 09, 2005 (now U.S. Pat. No.
7,123,794), which in turn claims benefit of: 1) U.S. provi-
sional App. No. 60/543,454 filed Feb. 09, 2004; ii) U.S.
provisional App. No. 60/546,348 filed Feb. 20, 2004; and iii)
U.S. provisional App. No. 60/550,393 filed Mar. 05, 2004.
Each of said App. Nos. 11/055,559, 60/543,454, 60/546,348,
and 60/550,393 is hereby incorporated by reference as if
fully set forth herein.

Said application Ser. No. 11/055,559 is also a continua-
tion-in-part of U.S. non-provisional App. No. 10/989,236
filed Nov. 15, 2004 (now U.S. Pat. No. 6,965,716), which is
in turn a continuation-in-part of U.S. non-provisional App.
No. 10/653,876 filed Sep. 2, 2003 (now U.S. Pat. No.
6,829,417), which is in turn a continuation-in-part of U.S.
non-provisional App. No. 10/229,444 filed Aug. 27, 2002
(now U.S. Pat. No. 6,678,429), which in turn claims benefit
of: 1) U.S. provisional App. No. 60/315,302 filed Aug. 27,
2001; and ii) U.S. provisional App. No. 60/370,182 filed
Apr. 4, 2002, App. No. 10/653,876 also claims benefit of 1)
U.S. provisional App. No. 60/468,479 filed May 7, 2003;
and ii) U.S. provisional App. No. 60/486,450 filed Jul. 10,
2003. Each of said application Ser. Nos. 10/989,236, 10/653,
876, 10/229,444, 60/468,479, 60/486,450, 60/315,302, and
60/370,182 are hereby incorporated by reference as if fully
set forth herein.

Said application Ser. No. 11/055,559 is also a continua-
tion-in-part of U.S. non-provisional App. No. 10/602,327
filed Jun. 23, 2003 (now U.S. Pat. No. 6,859,318), and also
a continuation-in-part of U.S. non-provisional App. No.
09/811,081 filed Mar. 16, 2001 (now U.S. Pat. No. 6,879,
441), which in turn claims benefit of: i) U.S. provisional
App. No. 60/190,126 filed Mar. 16, 2000; ii) U.S. provi-
sional App. No. 60/199,790 filed Apr. 26, 2000; iii) U.S.
provisional App. No. 60/235,330 filed Sep. 26, 2000; and iv)
U.S. provisional App. No. 60/247,231 filed Nov. 10, 2000.
Each of said App. Nos. 10/602,327,09/811,081, 60/190,126,
60/199,790, 60/235,330, and 60/247,231 is hereby incorpo-
rated 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,
distributed optical structures in planar waveguides and cou-
pling in-plane and out-of-plane optical signals are disclosed
herein.

One or more distributed optical structures (i.e., sets of
diffractive elements) in a channel waveguide, an optical
fiber, a slab waveguide, or another guided-wave optical
structure may be used in a variety of devices for spectral
filtering, laser frequency control, spectral multiplexing, opti-
cal sensing, or other functions. It is often desirable that such
devices be optimized, or nearly so, for routing, mapping, or
coupling optical signals between input and output optical
ports with minimal optical loss. Distributed optical struc-
tures designed by computed interference between simulated
optical signals are disclosed herein that may enable such
optimized routing, coupling, or mapping.
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Various embodiments, implementations, and adaptations
of such diffractive element sets are disclosed in: application
Ser. No. 11/021,549 filed Dec. 23, 2004; application Ser. No.
10/998,185 filed Nov. 26, 2004 (now U.S. Pat. No. 6,993,
223); application Ser. No. 10/898,527 filed Jul. 22, 2004;
application Ser. No. 10/989,244 filed Nov. 15, 2004 (now
U.S. Pat. No. 6,961,491); application Ser. No. 10/798,089
filed Mar. 10, 2004 (U.S. Pat. No. 6,823,115); and applica-
tion Ser. No. 09/843,597 filed Apr. 26, 2001 (U.S. Pat. No.
6,965,464). Each of said applications is hereby incorporated
by reference as if fully set forth herein. A publication entitled
“Planar holographic optical processing devices” (T. W.
Mossberg, Opt. Lett. 26 414 (2001)) is also incorporated by
reference as if fully set forth herein.

SUMMARY

An optical apparatus comprises: a slab optical waveguide
substantially confining in one transverse dimension optical
signals propagating in two dimensions therein; and a set of
diffractive elements collectively arranged within the slab
waveguide so as to exhibit a positional variation in ampli-
tude, optical separation, or spatial phase over some portion
of'the set. The diffractive elements of the set are collectively
arranged so as to apply a transfer function to an input optical
signal incident on the diffractive element set to produce an
output optical signal, the transfer function being determined
at least in part by said positional variation in amplitude,
optical separation, or spatial phase exhibited by the diffrac-
tive elements of the set. The slab waveguide and the
diffractive element set are arranged so as to substantially
confine only one of the input and output optical signals to
propagate in the slab waveguide so that the optical signal
thus confined is successively incident on the diffractive
elements of the set, while the other of the input and output
optical signals propagates substantially unconfined by the
slab waveguide in a direction having a substantial compo-
nent along the confined dimension of the slab waveguide.

A method comprises: receiving an input optical signal
incident on a set of diffractive elements in a slab optical
waveguide, the slab waveguide substantially confining in
one transverse dimension optical signals propagating in two
dimensions therein; and diffracting at least a portion of the
input optical signal via the set of diffractive elements and
thereby producing an output optical signal. The diffractive
elements of the set are collectively arranged within the slab
waveguide so as to exhibit a positional variation in ampli-
tude, optical separation, or spatial phase over some portion
of the set. The diffractive elements of the set collectively
apply a transfer function to the input optical signal to
produce the output optical signal, the transfer function being
determined at least in part by said positional variation in
amplitude, optical separation, or spatial phase exhibited by
the diffractive elements of the set. The slab waveguide and
the diffractive element set are arranged so as to substantially
confine only one of the input and output optical signals to
propagate in the slab waveguide so that the optical signal
thus confined is successively incident on the diffractive
elements of the set, while the other of the input and output
optical signals propagates substantially unconfined by the
slab waveguide in a direction having a substantial compo-
nent along the confined dimension of the slab waveguide.

Objects and advantages pertaining to diffractive element
sets in planar waveguides may become apparent upon refer-
ring to the disclosed exemplary embodiments as illustrated
in the drawings and disclosed in the following written
description and/or claims.










































