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OPTICAL RESONATOR FORMED IN A
PLANAR OPTICAL WAVEGUIDE WITH A
DISTRIBUTED OPTICAL STRUCTURE

BENEFIT CLAIMS TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. non-
provisional application Ser. No. 11/213,345 filed Aug. 25,
2005 (now U.S. Pat. No. 7,120,334) which claims benefit of
U.S. provisional App. No. 60/604,827 filed Aug. 25, 2004,
said patent, non-provisional application, and provisional
application being hereby incorporated by reference as if
fully set forth herein.

BACKGROUND

The field of the present invention relates to optical reso-
nators. In particular, optical resonators formed in planar
optical waveguides with distributed optical structures (e.g.,
diffractive element sets) 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. Two or more such diffractive
element sets formed in a planar waveguide may define an
optical resonator cavity, and optical resonators thus formed
are disclosed herein.

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

application Ser. No. 11/210,439 filed Aug. 23, 2005;

application Ser. No. 11/155,327 filed Jun. 16, 2005;

application Ser. No. 11/076,251 filed Mar. 8, 2005 (now
U.S. Pat. No. 7,062,128),

application Ser. No. 11/062,109 filed Feb. 17, 2005;

application Ser. No. 11/055,559 filed Feb. 9, 2005 (now
U.S. Pat. No. 7,123,794),

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. 10/989,244 filed Nov. 15, 2004 (now
U.S. Pat. No. 6,961,491),

application Ser. No. 10/989,236 filed Nov. 15, 2004 (now
U.S. Pat. No. 6,965,716,

application Ser. No. 10/923,455 filed Aug. 21, 2004 (now
U.S. Pat. No. 7,054,517),

application Ser. No. 10/898,527 filed Jul. 22, 2004;

application Ser. No. 10/857,987 filed May 29, 2004 (now
U.S. Pat. No. 6,990,276,

application Ser. No. 10/842,790 filed May 11, 2004 (now
U.S. Pat. No. 6,987,911);

application Ser. No. 10/798,089 filed Mar. 10, 2004 (now
U.S. Pat. No. 6,823,115),

application Ser. No. 10/794,634 filed Mar. 5, 2004 (now
U.S. Pat. No. 6,985,656,

application Ser. No. 10/740,194 filed Dec. 17, 2003;

application Ser. No. 10/653,876 filed Sep. 2, 2003 (now
U.S. Pat. No. 6,829,417),

application Ser. No. 10/602,327 filed Jun. 23, 2003 (now
U.S. Pat. No. 6,859,318),

application Ser. No. 10/229,444 filed Aug. 27, 2002 (now
U.S. Pat. No. 6,678,429,

application Ser. No. 09/843,597 filed Apr. 26, 2001 (now
U.S. Pat. No. 6,965,464); and
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application Ser. No. 09/811,081 filed Mar. 16, 2001 (now
U.S. Pat. No. 6,879,441).

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, implemen-
tations, adaptations, procedures, or techniques disclosed
therein may be employed, within the scope of the present
disclosure or appended claims, for implementing an optical

resonator in a planar waveguide.
SUMMARY
An optical apparatus comprises a planar optical

waveguide having at least two reflectors. The planar optical
waveguide substantially confines in at least one transverse
spatial dimension optical signals propagating therein, and
the reflectors define an optical resonator that supports at
least one resonant optical cavity mode propagating substan-
tially confined by the planar optical waveguide. At least one
of the reflectors comprises a set of diffractive elements
formed in or on the planar optical waveguide. The diffractive
elements are arranged in or on the planar optical waveguide
so that an optical signal in one of the resonant optical cavity
modes is successively incident on the diffractive elements of
the at least diffractive element set. The diffractive elements
of the diffractive element set are collectively arranged in or
on the planar optical waveguide so as to exhibit a positional
variation in amplitude, optical separation, or spatial phase
over some portion of the set, and are collectively arranged
so as to apply a transfer function to the optical signal
successively incident on the diffractive elements of the set.
The transfer function is determined at least in part by said
positional variation in amplitude, optical separation, or
spatial phase exhibited by the diffractive elements of the set.

Objects and advantages pertaining to an optical resonator
formed in a planar optical waveguide may become apparent
upon referring to the disclosed exemplary embodiments as
illustrated in the drawings and disclosed in the following
written description or appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are schematic top and cross-sectional
views of an exemplary resonant cavity formed by diffractive
element sets in a slab waveguide.

FIGS. 2A and 2B are reflection and transmission spectra,
respectively, of the device of FIGS. 1A and 1B.

FIG. 3 is a schematic top view of a resonant cavity formed
by diffractive element sets in a channel waveguide and
coupled to other channel waveguides.

FIG. 4 is a schematic top view of a resonant cavity formed
by diffractive element sets in a slab waveguide and coupled
to channel waveguides.

FIG. 5 is a schematic top view of a resonant cavity formed
by diffractive element sets in a slab waveguide and coupled
to channel waveguides.

FIG. 6 is a schematic top view of a resonant cavity formed
by diffractive element sets in a slab waveguide and incor-
porated into an optical spectrometer.

FIG. 7 is a schematic top view of a resonant cavity formed
by diffractive element sets in a slab waveguide and config-
ured as a Gires-Tournois etalon.

FIG. 8 is a schematic top view of a resonant cavity formed
by diffractive element sets in a slab waveguide and incor-
porated into an optical spectrometer.
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FIG. 9A is a schematic top view of a resonant cavity
formed by chirped diffractive element sets. FIG. 9B is a
schematic plot of the diffractive element spacing versus
position for the diffractive element sets of FIG. 9A. FIG. 9C
is a plot of the resulting transmission spectrum for the
resonant cavity of FIG. 9A.

FIGS. 10A-10D are schematic top views of exemplary
resonant cavities each formed by a diffractive element set
and an end facet in a channel waveguide.

FIGS. 11A and 11B are schematic top views of exemplary
resonant cavities each formed by a diffractive element set
and an edge facet in a slab waveguide.

FIG. 12 is a schematic top view of an exemplary resonant
cavity formed by a diffractive element set and an edge facet
in a slab waveguide.

FIG. 13 is a schematic top view of an exemplary resonant
cavity formed by a diffractive element set and an edge facet
in a slab waveguide.

FIG. 14 is a schematic top view of an exemplary resonant
cavity formed by diffractive element sets and an edge facet
in a slab waveguide.

FIGS. 15A and 15B are schematic top views of exemplary
resonant cavities each formed as a ring channel waveguide
with a diffractive element set.

In the Figures, typically only a few diffractive elements
are shown out of an entire diffractive element set, which may
contain anywhere from a few, dozens, hundreds, or even
thousands of diffractive elements. The Figures may illustrate
the waveguide or diffractive elements schematically, and
therefore may not show all structures in their proper shape
or proportions. In many of the Figures, an optical waveguide
and the diffractive elements thereof are shown in cross
section. Unless specifically stated otherwise, such cross-
sectional Figures may represent both channel and slab
waveguides, as well as other guided-wave optical structures.
The local direction of optical propagation (i.e., the longitu-
dinal dimension) is substantially horizontal (with respect to
both the orientation of such Figures as well as a substantially
horizontal planar waveguide substrate, which may be
present but may not be shown in all of the Figures). Two
transverse dimensions are defined locally as perpendicular to
the local longitudinal dimension. For both channel and slab
waveguides the supported optical modes are substantially
confined in the vertical transverse dimension of the cross-
sectional Figures (vertical with respect to both the orienta-
tion of the Figure as well as a substantially horizontal planar
waveguide substrate, if present). The horizontal transverse
dimension is substantially normal to the plane of such
Figures, and substantially parallel to a planar waveguide
substrate (if present); a slab waveguide permits optical
signal propagation in said horizontal transverse dimension,
while a channel optical waveguide substantially confines the
optical signal in the horizontal transverse dimension.

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

DETAILED DESCRIPTION OF EMBODIMENTS

General Description of Planar Optical Waveguides with
Diffractive Elements

An optical apparatus according to the present disclosure
comprises an optical element having at least one set of
diffractive elements. The optical element may comprise a
planar optical waveguide substantially confining in at least
one transverse spatial dimension optical signals propagating
therein. The confined optical signals typically propagate as
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transverse optical modes supported, guided, or confined by
the waveguide layers of the planar waveguide. These optical
modes are particular solutions of the electromagnetic field
equations in the space occupied by the waveguide layers. In
addition, the planar waveguide may include additional lay-
ers, such as a substrate layer(s), protective layer(s), and so
forth. The planar waveguide may comprise a slab waveguide
(substantially confining in one transverse dimension an
optical signal propagating in two dimensions therein), or
may comprise a channel waveguide (substantially confining
in two transverse dimension an optical signal propagating in
one dimension therein). It should be noted that the term
“planar waveguide” is not used consistently in the literature;
for the purposes of the present disclosure and/or appended
claims, the term “planar waveguide” is intended to encom-
pass both slab and channel waveguides. Planar waveguides
are sometimes also referred to as “planar lightwave circuits”
(PLCs).

A simple planar waveguide may comprise 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 substan-
tially transparent over a desired operating wavelength range.
In some instances one or both claddings may be vacuum, air,
or other ambient atmosphere. More typically, one or both
claddings comprise 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 core or cladding(s) may comprise multiple material
regions or layers having different indices. A planar
waveguide may support one or more transverse modes,
depending on the dimensions, structure, and refractive indi-
ces of the core and cladding. A wide range of material types
may be employed for fabricating a planar waveguide,
including but not limited to glasses, polymers, plastics,
semiconductors, combinations thereof, or functional equiva-
lents thereof. The planar waveguide may be formed on or
secured to a substrate for facilitating manufacture, for
mechanical support, and/or for other reasons. The
waveguide layer(s) of a planar waveguide typically support
or guide one or more optical modes characterized by their
respective amplitude variations along the confined dimen-
sion.

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 photo-
nic 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
process hereinafter simply referred to as diffraction). For a
planar waveguide, the diffracting regions of each diffractive
element of the set typically comprises some suitable alter-
ation of the planar waveguide (ridge, groove, index modu-
lation, 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 curvi-

































