a2 United States Patent
Ma et al.

O O

US 6,567,574 B1
May 20, 2003

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

(54) MODULAR THREE-DIMENSIONAL
OPTICAL SWITCH

(75) Inventors: Jian Ma, San Diego, CA (US); Ezekiel
John Joseph Kruglick, San Dicgo, CA
(US); Daniel J. Reiley, San Diego, CA
(US); Philippe Jean Marchand,
Poway, CA (US); Steffen Gloeckner,
San Diego, CA (US)

(73) Assignee: Omm, Inc., San Diego, CA (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.

(21) Appl. No.: 09/680,648

(22) Filed: Oct. 6, 2000

TR 17 o) KL/ ¢ 7.: & 77 1
(52) BEICL s 385/16; 385/18; 385/19
(58) Field of Search ............ccoevnenivniiiainns 385/16-20
(56) References Cited

U.S. PATENT DOCUMENTS

3.430,057 A 2/1969  Genahr
3,896,362 A TNITS Stieet omiianarmiiae 318/640
4,003,655 A 1/1977 Wasilko ....ccrvvverinnrinenenns 336/4
4,208,094 A 6/1980 Tomlinson
4234145 A 11/1980 Leiboff .......c..c.cceieee 244/3.16
4256927 A 3/1981 Treheux et al. ... 179/18
4303303 A 12/1981 Aoyama .........ccccewn. 350/96.2
(List continued on next page.)
FOREIGN PATENT DOCUMENTS
EP 0510629 10/1992
EP 0880040 11/1998 ciiianins GO2B/6,26
EP 0902538 3/1999
EP 0903607 3/1990 ... GO2B/26/08
EP 0921702 6/1999
EP 0902538 12/1999 ......... HO3K/17/968
(List conlinued on next page.)
Module-1

OTHER PUBLICATIONS

Huja, Martin, “MEMS Structure—Micromirror Array,” Pro-
ceedings of SPIE/vol. 4019, p. 556-566.

Boissicr, Alain, “Spacc division optical switching system of
medium capacities,” Proceedings: Fiber Optic Broadband
Networks, p. 65-70.

Laor, Herzel, “New Optical Switch Development,” 7th
European Conference on Optical Communication, Sep.
8-11, 1981 Bella Center.

Bright, Victor M., “Selected Papers on Optical MEMS,”
SPIE Milestone Series, vol. MS 153.

(List continued on next page.)

Primary Examiner—Lllen E. Kim
(74) Antorney, Agent, or Firm—Arien Ferrell; Fitch, Even,
Tabin & Flannery

57 ABSTRACT

A modular three-dimensional (3D) optical switch that is
scalable and that provides monitor and control of MEMS
mirror arrays. A first switch module includes an array of
input channels. Light beams received from the input chan-
nels are directed toward a first wavelength selective mirror.
The light beams arc reflected off of the first wavelength
selective mirror and onto a first array of moveable micro-
mirrors. The moveable micromirrors are adjusted so that the
light beams reflect therefrom and enter a second switch
module where they impinge upon a second array of move-
able micromirrors. The light beams reflect off of the second
array of moveable micromirrors and impinge upon a second
wavelength selective mirror. The light beams reflect off of
the second wavelength selective mirror and into an array of
output channels. The alignment or misalignment of a data
path through the switch is detected by directing two monitor
beams through the data path, one in the forward direction
and one in the reverse direction. The position of each of the
monitor beams is detected after its reflection from the
second moveable micromirror that it hits, The position data
is used to determine the angles of the moveable micromir-
rors in the data path.

71 Claims, 14 Drawing Sheets
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