(12)

United States Patent

Tazikov et al.

US007190856B1

US 7,190,856 B1
Mar. 13, 2007

(10) Patent No.:
45) Date of Patent:

(54)

(735)

(73)

")

@

(22)

(60)

(1)
(52)

(58)

(56)

RECONFIGURABLE OPTICAL ADD-DROP
MULTIPLEXER INCORPORATING SETS OF
DIFFRACTIVE ELEMENTS

Inventors: Dmitri Iazikov, Springfield, OR (US);
Christoph M. Greiner, Eugene, OR
(US); Thomas W. Mossberg, Eugene,
OR (US)

Assignee: LightSmyth Technologies Inc, Eugene,

OR (US)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 0 days.

Appl. No.: 11/277,491

Filed: Mar. 25, 2006

Related U.S. Application Data

Provisional application No. 60/666,042, filed on Mar.
28, 2005.

Int. Cl.
GO2B 6/34 (2006.01)
US.Cl .. 385/24; 385/18; 385/37,
385/132; 398/84; 398/87
Field of Classification Search .................. 385/14,
385/18, 24,37, 50, 129, 132; 398/79, 82-88;
359/566-572
See application file for complete search history.

References Cited
U.S. PATENT DOCUMENTS

3,995,937 A
4,006,967 A
4,140,362 A
4,387,955 A
4,440,468 A

12/1976
2/1977
2/1979
6/1983
4/1984

Baues et al.
Kenan et al.
Tien

Ludman et al.
Auracher et al.

4,660,934 A 4/1987 Akiba et al.
4,740,951 A 4/1988 Lizet et al.
4,743,083 A 5/1988 Schimpe
4,746,186 A 5/1988 Nicia
4,773,063 A 9/1988 Hunsperger et al.
4,786,133 A 11/1988 Gidon et al.
4,803,696 A 2/1989 Pepper et al.
4,824,193 A 4/1989 Maeda et al.
4,834,474 A 5/1989 George et al.
4,846,552 A 7/1989 Veldkamp et al.
4,852,960 A 8/1989 Alferness et al.
(Continued)
FOREIGN PATENT DOCUMENTS
EP 0 310 438 Al 4/1989
(Continued)

OTHER PUBLICATIONS

Capron et al, J. Lightwave Tech., vol. 11 No. 12 pp. 2009-2014
(Dec. 1993).

(Continued)

Primary Examiner—Hemang Sanghavi

(74) Attorney, Agent, or Firm—David S. Alavi
57 ABSTRACT

A reconfigurable add-drop multiplexer (R-OADM) com-
prises an array of channel waveguides coupling two groups
of diffractive element sets on a slab waveguide. The channel
waveguides include switchable reflectors or are coupled to
other channel waveguides by optical switches. Switching a
reflector to reflect or setting a switch to couple two
waveguides results in a corresponding wavelength channel
being added or dropped. Switching the reflector to transmit
or setting the switch to uncouple the two waveguides allows
the corresponding wavelength channel to pass through the
R-OADM without being added or dropped.
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RECONFIGURABLE OPTICAL ADD-DROP
MULTIPLEXER INCORPORATING SETS OF
DIFFRACTIVE ELEMENTS

BENEFIT CLAIMS TO RELATED
APPLICATIONS

This application claims benefit of prior-filed co-pending
provisional App. No. 60/666,042 filed Mar. 28, 2005, said
provisional application being hereby incorporated by refer-
ence as if fully set forth herein.

BACKGROUND

The field of the present invention relates to optical add-
drop multiplexers. In particular, disclosed herein are various
embodiments of a reconfigurable optical add-drop multi-
plexer incorporating one or more sets of diffractive ele-
ments.

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

Application Ser. No. 11/376,714, entitled “Etched surface
gratings fabricated using computed interference
between simulated optical signals and reduction lithog-
raphy” filed Mar. 14, 2006 in the names of Thomas W.
Mossberg, Dmitri lazikov, and Christoph M. Greiner;

Application Ser. No. 11/371,339, entitled “Integrated
optical sensor, measurement system and optical detec-
tion methods™ filed Mar. 7, 2006 in the names of Dmitri
lazikov, Christoph M. Greiner, and Thomas W. Moss-
berg;

Application Ser. No. 11/361,407 filed Feb. 23, 2006 in the
name of Thomas W. Mossberg;

Application Ser. No. 11/334,039 filed Jan. 17, 2006 in the
names of Thomas W. Mossberg, Christoph M. Greiner,
and Dmitri Iazikov;

Application Ser. No. 11/298,290 filed Dec. 9, 2005 in the
names of Thomas W. Mossberg, Dmitri lazikov, and
Christoph M. Greiner;

Application Ser. No. 11/280,876 filed Nov. 15, 2005 in the
names of Christoph M. Greiner, Dmitri lazikov, and
Thomas W. Mossberg;

Application Ser. No. 11/239,540 filed Sep. 28, 2005 in the
name of Thomas W. Mossberg (now U.S. Pat. No.
7,009,743 issued Mar. 7, 2006);

Application Ser. No. 11/213,345 filed Aug. 25, 2005 in the
names of Christoph M. Greiner, Dmitri lazikov, and
Thomas W. Mossberg;

Application Ser. No. 11/210,439 filed Aug. 23, 2005 in the
names of Dmitri lazikov, Christoph M. Greiner, and
Thomas W. Mossberg;

Application Ser. No. 11/155,327 filed Jun. 16, 2005 in the
names of Christoph M. Greiner, Thomas W. Mossberg,
and Dmitri Iazikov;

Application Ser. No. 11/076,251 filed Mar. 8, 2005 in the
name of Thomas W. Mossberg;

Application Ser. No. 11/062,109 filed Feb. 17, 2005 in the
names of Christoph M. Greiner, Thomas W. Mossberg,
and Dmitri Iazikov;

Application Ser. No. 11/055,559 filed Feb. 9, 2005 in the
names of Christoph M. Greiner, Thomas W. Mossberg,
and Dmitri Iazikov;

Application Ser. No. 11/021,549 filed Dec. 23, 2004 in the
names of Dmitri lazikov, Christoph M. Greiner, and
Thomas W. Mossberg;
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2
Application Ser. No. 10/998,185 filed Nov. 26, 2004 in the
names of Dmitri lazikov, Christoph M. Greiner, and
Thomas W. Mossberg (now U.S. Pat. No. 6,993,223
issued Jan. 31, 2006);

Application Ser. No. 10/989,244 filed Nov. 15, 2004 in the
names of Christoph M. Greiner, Thomas W. Mossberg,
and Dmitri lazikov (now U.S. Pat. No. 6,961,491
issued Nov. 1, 2005);

Application Ser. No. 10/989,236 filed Nov. 15, 2004 in the
names of Christoph M. Greiner, Dmitri lazikov, and
Thomas W. Mossberg (now U.S. Pat. No. 6,965,716
issued Nov. 15, 2005);

Application Ser. No. 10/923,455 filed Aug. 21, 2004 in the
names of Thomas W. Mossberg, Dmitri lazikov, and
Christoph M. Greiner;

Application Ser. No. 10/898,527 filed Jul. 22, 2004 in the
named of Dmitri lazikov, Christoph M. Greiner, and
Thomas W. Mossberg;

Application Ser. No. 10/857,987 filed May 29, 2004 in the
names of Lawrence D. Brice, Christoph M. Greiner,
Thomas W. Mossberg, and Dmitri lazikov (now U.S.
Pat. No. 6,990,276 issued Jan. 24, 2006);

Application Ser. No. 10/842,790 filed May 11, 2004 in the
names of Thomas W. Mossberg, Christoph M. Greiner,
and Dmitri lazikov (now U.S. Pat. No. 6,987,911 issued
Jan. 17, 2006);

Application Ser. No. 10/798,089 filed Mar. 10, 2004 in the
names of Christoph M. Greiner, Thomas W. Mossberg,
and Dmitri lazikov (now U.S. Pat. No. 6,823,115 issued
Nov. 23, 2004);

Application Ser. No. 10/794,634 filed Mar. 5, 2004 in the
names of Dmitri lazikov, Thomas W. Mossberg, and
Christoph M. Greiner (now U.S. Pat. No. 6,985,656
issued Jan. 10, 2006);

Application Ser. No. 10/740,194 filed Dec. 17, 2003 in the
names of Dmitri lazikov, Thomas W. Mossberg, and
Christoph M. Greiner;

Application Ser. No. 10/653,876 filed Sep. 2, 2003 in the
names of Christoph M. Greiner, Dmitri lazikov, and
Thomas W. Mossberg (now U.S. Pat. No. 6,829,417
issued Dec. 7, 2004);

Application Ser. No. 10/602,327 filed Jun. 23, 2003 in the
name of Thomas W. Mossberg (now U.S. Pat. No.
6,859,318 issued Feb. 22, 2005);

Application Ser. No. 10/229,444 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),

Application Ser. No. 09/843,597 filed Apr. 26, 2001 in the
name of Thomas W. Mossberg (now U.S. Pat. No.
6,965,464 issued Nov. 15, 2005);

Application Ser. No. 09/811,081 filed Mar. 16, 2001 in the
name of Thomas W. Mossberg (now U.S. Pat. No.
6,879,441 issued Apr. 12, 2005).

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 a recon-
figurable optical add-drop multiplexer incorporating one or
more diffractive element sets.
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SUMMARY

An exemplary reconfigurable optical add-drop multi-
plexer (R-OADM) comprises: a slab optical waveguide; a
first group of multiple diffractive element sets formed in or
on the slab waveguide; a second group of multiple diffrac-
tive element sets formed in or on the slab waveguide; and a
group of multiple channel waveguides. Each channel
waveguide of the group is arranged for routing an optical
signal between a corresponding diffractive element set of the
first group and a corresponding diffractive element set of the
second group. Each channel waveguide of the group
includes corresponding means for back-reflecting an optical
signal propagating along the waveguide. Each back-reflect-
ing means is switchable between a transmitting operational
state and a reflecting operational state independently of
operational states of the other back-reflecting means. Each
diffractive element set of the first group is arranged so as to
route an optical signal within a corresponding wavelength
band between a first optical port and the corresponding
channel waveguide; each diffractive element set of the
second group is arranged so as to route the optical signal
within the corresponding wavelength band between a second
optical port and the corresponding channel waveguide.

Each diffractive element set of the first group, the corre-
sponding channel waveguide, and the corresponding diffrac-
tive element set of the second group are arranged so as to
route an optical signal entering the slab waveguide through
the first optical port within the corresponding wavelength
band to the corresponding channel waveguide, transmit
through the corresponding channel waveguide the optical
signal thus routed if the corresponding back-reflecting
means is in the transmitting operational state, and route the
optical signal thus transmitted to exit through the second
optical port. In addition: each diffractive element set of the
first group and the corresponding channel waveguide are
arranged so as to route an optical signal entering the slab
waveguide through the first optical port within the corre-
sponding wavelength band to the corresponding channel
waveguide, back-reflect within the corresponding channel
waveguide the optical signal thus routed if the correspond-
ing back-reflecting means is in the reflecting operational
state, and route the optical signal thus back-reflected to exit
through the first optical port; or each diffractive element set
of the second group and the corresponding channel
waveguide are arranged so as to route an optical signal
entering the slab waveguide through the second optical port
within the corresponding wavelength band to the corre-
sponding channel waveguide, back-reflect within the corre-
sponding channel waveguide the optical signal thus routed if
the corresponding back-reflecting means is in the reflecting
operational state, and route the optical signal thus back-
reflected to exit through the second optical port.

An exemplary method for using this R-OADM comprises:
independently setting each back-reflecting means to either
the reflecting operational state or the transmitting opera-
tional state; receiving into the slab waveguide an input
optical signal entering through the first optical port; and
receiving from the second optical port each corresponding
wavelength channel of the input optical signal for which the
corresponding back-reflecting means is in the transmitting
operational state. An exemplary method may further com-
prise: receiving from the first optical port each correspond-
ing wavelength channel of the first input optical signal for
which the corresponding back-reflecting means is in the
reflecting operational state; or receiving into the slab
waveguide a second optical signal entering through the
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4

second optical port, and receiving from the second optical
port each corresponding wavelength channel of the second
input optical signal for which the corresponding back-
reflecting means is in the reflecting operational state. An
exemplary method for forming the R-OADM comprises:
forming the first group of multiple diffractive element sets in
or on a slab waveguide; forming the second group of
multiple diffractive element sets in or on the slab waveguide;
and forming the group of multiple channel waveguides
waveguide, including the corresponding switchable back-
reflecting means.

Another exemplary R-OADM comprises: a slab optical
waveguide; a first group of multiple diffractive element sets
formed in or on the slab waveguide; a second group of
multiple diffractive element sets formed in or on the slab
waveguide; a first group of multiple channel waveguides; a
second group of multiple channel waveguides; and a group
of multiple optical switches each independently switchable
between a non-switched operational state and a switched
operational state. Each channel waveguide of the first group
is arranged for routing an optical signal between a corre-
sponding diffractive element set of the first group and a
corresponding diffractive element set of the second group.
Each channel waveguide of the second group is arranged for
routing an optical signal from a corresponding one of
multiple add optical ports or to a corresponding one of
multiple drop optical ports. Each set of diffractive elements
of the first group is arranged so as to route an optical signal
within a corresponding wavelength band between a first
optical port and the corresponding channel waveguide of the
first group; each set of diffractive elements of the second
group is arranged so as to route an optical signal within the
corresponding wavelength band between a second optical
port and the corresponding channel waveguide of the first
group.

Each channel waveguide of the first group is coupled to a
corresponding channel waveguide of the second group by a
corresponding one of the multiple optical switches. Each
diffractive element set of the first group, the corresponding
channel waveguide of the first group, and the corresponding
diffractive element set of the second group are arranged so
as to route an optical signal entering the slab waveguide
through the first optical port within the corresponding wave-
length band to the corresponding channel waveguide of the
first group, transmit through the corresponding channel
waveguide of the first group the optical signal thus routed if
the corresponding optical switch is in the non-switched
operational state, and route the optical signal thus transmit-
ted to exit through the second optical port. In addition: each
diffractive element set of the first group, the corresponding
channel waveguide of the first group, and the corresponding
channel waveguide of the second group are arranged so as
to route an optical signal entering the slab waveguide
through the first optical port within the corresponding wave-
length band to the corresponding channel waveguide of the
first group, switch into the corresponding channel
waveguide of the second group the optical signal thus routed
if the corresponding optical switch is in the switched opera-
tional state, and transmit the optical signal thus switched to
exit through the corresponding drop optical port; or each
diffractive element set of the second group, the correspond-
ing channel waveguide of the first group, and the corre-
sponding channel waveguide of the second group are
arranged so as to route an optical signal within the corre-
sponding wavelength band entering the corresponding chan-
nel waveguide of the second group through the correspond-
ing add optical port to the corresponding optical switch,










































