US006768571B2
a2 United States Patent (10) Patent No.:  US 6,768,571 B2
Azarov et al. 5) Date of Patent: Jul. 27, 2004
(54) ORIENTATION STABILIZATION FOR MEMS 6,201,631 Bl 3/2001 Greywall ......cccccveeeen. 359/245

DEVICES

(75) Inventors: Alexei V. Azarov, Old Bridge, NJ (US);
Randy C. Giles, Whippany, NJ (US);
Wendelin Weingartner, New York
City, NY (US)

(73) Assignee: Lucent Technologies Inc., Murray Hill,

NI (US)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 15 days.

(21) Appl. No.: 10/261,167
(22) Filed: Sep. 30, 2002
(65) Prior Publication Data

US 2004/0061925 Al Apr. 1, 2004

(51) Int. CL7 ..cooovverinrvenen. GO2F 1/01; GO2B 26/08
(52) USICL nnmvaananaas 359/239; 359/224
(58) Field of Search ............cocoii. 359/239, 212,

359/224, 223

(56) References Cited
U.S. PATENT DOCUMENTS
5,648,618 A 7/1997 Neukermans et al. .... 73/862.08
120

120"
104

108~ —~106
100

DOCKET

_ ARM

6,275,326 Bl
6.480,645 Bl
6,549,692 Bl

* 82001 Bhalla et al. ...

*
6,567,574 Bl *

*

11/2002 Peale et al. .....
4/2003 Harel et al. ..... 0
5/2003 Maet al. ........ .. 385/16
6/2002 Orcutt et al. ...... .. 250/234
7/2003 Heminger et al. .......... 250/221

.. 359/298
.. 385/18
.. 385/18

2002/0070335 Al
2003/0141439 Al

* cited by examiner

Primary Examiner—David N. Spector
(57) ABSTRACT

Acontrol circuit designed to control driving voltages applied
to the actuating electrodes of a MEMS mirror. The control
circuit is interfaced with a mirror position sensor and
includes a variable gain amplifier whose output depends on
a desired mirror equilibrium angle and a current mirror tilt
angle determined by the sensor. The desired equilibrium
angle can be changed by varying a reference signal applied
to the amplifier. The control circuit can stabilize the mirror
al relatively large tilt angles and, as a result, extend the
available angular range beyond the snap-down angle. Since
the number of MEMS mirrors that can be arrayed in an
optical cross-connect is a function of the available angular
range, the number of channels in a cross-connect may be
substantially increased.

19 Claims, 9 Drawing Sheets
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