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DISTRIBUTED OPTICAL STRUCTURES
WITH IMPROVED DIFFRACTION
EFFICIENCY AND/OR IMPROVED OPTICAL
COUPLING
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BACKGROUND

The field of the present invention relates to optical devices
incorporating distributed optical structures. In particular,
methods and apparatus for improving efficiency and/or
improved spatial mode matching are disclosed herein.
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2
SUMMARY
An optical apparatus comprises a planar optical

waveguide having at least one set of diffractive elements.
The planar optical waveguide substantially confines in at
least one transverse spatial dimension optical signals propa-
gating therein. Each diffractive element set routes, between
corresponding input and output optical ports, a correspond-
ing 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 successively incident
on the diffractive elements. The optical signals propagate in
the planar waveguide in corresponding diffractive-region
optical transverse modes in regions of the planar waveguide
where the diffractive elements are present, and in corre-
sponding non-diffractive-region optical transverse modes in
regions of the planar waveguide where the diffractive ele-
ments are absent. The diffractive element set is adapted so as
to yield an operationally acceptable level of either or both of
1) optical coupling between corresponding diffractive-region
and non-diffractive-region optical transverse modes, and ii)
diffraction efficiency of the diffractive element set.

The adaptation of the diffractive element set may include
one or more of the following. The diffractive elements may
have sufficiently large transverse extent in the confined
dimension so as to substantially suppress optical coupling
between diffractive-region optical modes and non-confined
optical modes (thereby increasing efficiency). The diffrac-
tive elements may be positioned in the confined dimension
s0 as to spatially overlap the diffracting-region optical mode
at or near a spatial maximum of the amplitude thereof
(thereby increasing efficiency). The diffractive elements
may have sufficiently large refractive index and sufficiently
large transverse extent in the confined dimension so as to
yield diffractive-region optical modes that substantially spa-
tially overlap the diffractive elements (thereby increasing
efficiency). A planar waveguide core in a non-diffracting
region of the planar waveguide may be offset in the confined
dimension relative to a planar waveguide core in a diffract-
ing region of the planar waveguide (thereby improving
mode-matching). A planar waveguide core in the non-
diffracting region may differ in transverse extent, in the
confined dimension, from a planar waveguide core in a
diffracting region of the planar waveguide (thereby improv-
ing mode-matching). A planar waveguide core in the non-
diffracting region may have a refractive index higher than a
refractive index of a planar waveguide core in the diffracting
region and lower than a refractive index of the diffractive
elements (thereby improving mode-matching). The planar
waveguide may include a transition region of the planar
waveguide between the diffracting region and the non-
diffracting region wherein: a less-than-unity fill factor for
the diffractive elements increases from the non-diffracting
region toward the diffracting region; number density of the
diffractive elements increases from the non-diffracting
region toward the diffracting region; transverse extent in the
confined dimension of the diffractive elements increases
from the non-diffracting region toward the diffracting
region; longitudinal extent of the diffractive elements
increases from the non-diffracting region toward the dif-
fracting region; and/or refractive index of the diffractive
elements increases from the non-diffracting region to the
diffracting region (any one or more of these variations
thereby improving mode-matching). These adaptations may
be implemented alone or in any combination in a particular
planar waveguide.



























