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having at least one set of diffractive elements, and an optical
reflector. The reflector routes, between first and second
optical ports, that portion of an optical signal transmitted by
the diffractive element set. The diffractive element set
routes, between first and multiplexing optical ports, a por-
tion of the optical signal that is diffracted by the diffractive
element set. More complex optical multiplexing functional-
ity(ies) may be achieved using additional sets of diffractive
elements, in a common optical element (and possibly over-
laid) or in separate optical elements with multiple reflectors.
Separate multiplexing devices may be assembled with
coupled ports for forming more complex devices. The
respective portions of an optical signal transmitted by and
reflected/diffracted from the diffractive element set typically
differ spectrally. The portion reflected from the diffractive
element set may comprise one or more channels of an optical
WDM system.
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OPTICAL MULTIPLEXING DEVICE

RELATED APPLICATIONS

This application claims benefit of prior-filed co-pending
provisional App. No. 60/434,183 entitled “Optical Multi-
plexing device” filed Dec. 17, 2002 in the names of Dmitri
lazikov, Thomas W. Mossberg, and Christoph M. Greiner,
said provisional application being 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,
optical multiplexing devices are described herein which
include distributed optical structures.

A variety of distributed optical structures (also referred to
as holographic optical processors or photonic bandgap struc-
tures) are disclosed in:

U.S. non-provisional application Ser. No. 09/811,081
entitled “Holographic spectral filter” filed Mar. 16, 2001
(now U.S. Pat. No. 6,879,441), hereby incorporated by
reference as if fully set forth herein;

U.S. non-provisional application Ser. No. 09/843,597
entitled “Optical processor” filed Apr. 26, 2001 (Pub. No.
US 2003/0117677 Al: now Pat. No. 6,965,464), hereby
incorporated by reference as if fully set forth herein;

U.S. non-provisional application Ser. No. 10/229,444
entitled “Amplitude and phase control in distributed optical
structures” filed Aug. 27, 2002 (Pub. No. US 2003/0036444
Al;now U.S. Pat. No. 6,678,429), hereby incorporated by
reference as if fully set forth herein;

U.S. non-provisional application Ser. No. 10/653,876
entitled “Amplitude and phase control in distributed optical
structures” filed Sep. 02, 2003 (Pub. No. US 2004/0076374
Al; now U.S. Pat. No. 6,829,417), hereby incorporated by
reference as if fully set forth herein; and

U.S. provisional application Ser. No. 60/525,815 entitled
“Methods and devices for combining of holographic Bragg
reflectors in planar waveguides” filed Nov. 28, 2003, hereby
incorporated by reference as if fully set forth herein.

Application Ser. No. 09/811,081 (U.S. Pat. No. 6,879,
441) discloses that diffractive elements of a diffractive
element set can be collectively arranged so as to exhibit a
positional variation in amplitude, optical separation, or
spatial phase over some portion of the set. The positional
variation can determine at least in part a transfer function
imparted on an optical signal routed between optical ports
by the diffractive element set.

Application Ser. No. 10/229,444 (U.S. Pat. No. 6,678,
429) and application Ser. No. 10/653,876 (U.S. Pat. No.
6,829,417) disclose the following. Each diffractive element
of a diffractive element set can be spatially arranged relative
to a corresponding diffractive element virtual contour and
can comprise at least one diffracting region thereof. The
diffracting regions have at least one altered optical property
s0 as to enable diffraction of a portion of the incident optical
field therefrom. Each diffractive element diffracts a corre-
sponding diffracted component of an incident optical field
with a corresponding diffractive element transfer function so
that the diffractive element set collectively provides a set
transfer function imparted on an optical signal routed
between optical ports by the diffractive element set. The set
transfer function or at least one corresponding diffractive
element transfer function can be determined at least in part
by: (A) a less-than-unity fill factor for the corresponding
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2

virtual contour, (B) a non-uniform spatial distribution of
multiple diffracting regions along the corresponding virtual
contour, (C) variation of a spatial profile of the optical
property of at least one diffracting region of the correspond-
ing virtual contour, (D) variation of a spatial profile of the
optical property among multiple diffracting regions of the
corresponding virtual contour, (E) variation of the spatial
profile of the optical property of at least one diffracting
region among elements of at least one diffractive element
set, (F) longitudinal displacement of at least one diffractive
element relative to the corresponding virtual contour, or (G)
at least one virtual contour lacking a diffractive element
corresponding thereto.

SUMMARY

An optical multiplexing device comprises: an optical
element having at least one set of diffractive elements; and
an optical reflector. The reflector routes, between a first
optical port and a second optical port, that portion of an
optical signal propagating within the optical element and
transmitted by the diffractive element set. The diffractive
element set routes, between the first optical port and a
corresponding multiplexing optical port, a corresponding
portion of the optical signal that is diffracted by the diffrac-
tive element set. If the first optical port is an input port and
the second optical port is an output port, then the apparatus
functions as a channel-dropping multiplexer, and the mul-
tiplexing optical port is a dropped-channel port. If the first
optical port is an output port and the second optical port is
an input port, then the apparatus functions as a channel-
adding multiplexer, and the multiplexing optical port is an
added-channel port. If the diffractive element set routes,
between the second optical port and a corresponding second
multiplexing optical port, a corresponding portion of the
optical signal that is diffracted by the diffractive element set,
the apparatus functions as an add/drop multiplexer.

The optical element may comprise a planar waveguide,
and the diffractive elements may be curvilinear elements.
The optical element may allow propagation therein in three
dimensions, and the diffractive elements may comprise areal
elements. The reflector and/or diffractive element set may
comprise focusing element(s), and the optical ports may be
located at corresponding conjugate image points. The opti-
cal ports may be coupled to optical waveguides, including
channel waveguides and/or optical fibers. The reflector may
be formed on or in the optical element, or may comprise a
separate optical element. The reflector may be substantially
achromatic over a design spectral window for the multiplex-
ing device.

More complex optical multiplexing functionality(ies)
may be achieved using additional sets of diffractive ele-
ments, in a common optical element (and possibly overlaid)
or in separate optical elements with multiple reflectors.
Separate multiplexing devices may be assembled with
coupled ports for forming more complex devices.

The respective portions of an optical signal transmitted by
and reflected/diffracted from the diffractive element set
typically differ spectrally. The portion reflected from the
diffractive element set may comprise at least one channel of
an optical WDM system.

Objects and advantages pertaining to optical multiplexing
devices may become apparent upon referring to the dis-
closed embodiments as illustrated in the drawings and
disclosed in the following written description and/or claims.






























