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Novel Resonant Micro-Opto-Electro-Mechanical Scanning Mirror
and Lissajous Pattern Display

Yan Bin Yuan Weizheng Qiao Dayong Liu Yaobo
(Micro-Electro-Mechanical / Nano-Electro-Mechanical Laboratory, Northwestern Polytechnical University ,

Xi'an, Shaanxi 710072, China)

Abstract Based on the micro-opto-electro-mechanical systems (MOEMS) technology, a new resonant micro
scanning mirror is designed and fabricated. It is actuated by electrostatic combs fingers. Base on the employed
silicon-on-insulator (SOD) technology the residual stress during the process is used to create vertical offset in comb
structures, which is regard as starting electrode. In order to realize their electromechanical characterizations, an
optical experimental equipment is established. The results show that the device has advantages such as simple
fabrication process, low driving voltage, and large scanning angle. In addition, two one-dimensional micro scanning
mirrors are reasonably combined to make many different Lissajous scanning patterns, which agree very well with
Matlab simulations.
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Fig. 1 Operation principle and structure diagram of MEMS scanning mirror
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Fig. 2 Schematic diagram of MEMS scanning mirror
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Fig. 3 Schematic diagram of SOI process for

fabricating the MEMS scanning mirror
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Table 1 Main structural parameters for the MEMS

scanning mirror

Parameters Value /pm
Thickness of mirror 30
Thickness of anchor 30
Length of beam 400
Width of beam 10
Length of comb drive 90
Width of comb drive 5

Gap of comb drive 5
Overlap length of comb drive 80

L

<600 20 um

X110 100 pm
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Fig. 4 SEM pictures for the fabricated micro scanning mirror. (a) Whole structure; (b) locally enlarged view of the

combs fingers; (b) locally enlarged view of the supporting beams
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angle of micro scanning mirror
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Fig. 7 Experimental setup for measuring the

scanning angle of micro scanning mirror
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Fig. 9 Hysteretic frequency response curve of

micro scanning mirror
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6 4 it

AT —Fh 3T MOEMS $ AR #9357 58 R =X
T TAR B A5 M it S O T2 3
IR T — Bt R G HE AT L TR T A A i
SFPEREMA . MIAAE R R Z s R A ST
{7 B P P AER AT 1A A BE R AR . TR I R T T
i1 MEMS #1088 e 05 f5 i T —EF B 5 0
ARG ML R LW, Matlab {7 B9 B %5
A% — 2, L, %3 B n TR B A 5
2R,

2 % x #t

1 M. E. Motamedi, Zhou Haixian, Cheng Yunfang. Micro-Opto-

Mechanical Systems[ M]. Changsha: National Defence Industry
Press, 2010. 291
LI, FIEGE. B Boti Rg (M) Kb BB T
Ak H AL, 2010, 291

2 Yuan Ye, Zou Yongzhuo, Bao Junfeng e al.. A novel variable
optical attenuator based on micro-electromechanical system
(MEMS) [J]. Acta Optica Sinica ., 2004, 24(3): 364~368
wOWP, ARTE AL, B0 SE. IR B OPL R R G RO O AR
[J). %533, 2004, 24(3) . 364~368

3 Yan Bin, Yuan Weizheng, Yu Yiting e al.. Fabrication and
experimental investigation of diffraction characteristics for a pitch
tunable grating based on SOG process [J]. Acta Optica Sinica .
2010, 30(11) . 3128~3132

W FUARBC BLESHE S —FhET 8 SOG F& 1wl i S it i il
P B HATHTPEREMI LT ], &4 % 4R . 2010, 30(11): 3128~3132

4 Zhang Jie, Huang Shanglian, Zhang Zhihai ez al.. Experiments

and structural optimization of micro-electro-mechanical system-
based grating moving light modulator[ J]. Acta Optica Sinica ,
2007, 27(9): 1565~1569

0523003-6



— ol BT AL R S BOPIL HL 2R A A A B S CHC R B A PR R

ik WL B, TRENE S ST ROILE R R 8 2O R
BRI BITT]. R4 F4, 2007, 27(9): 1565~1569

5 Yu Yiting, Yuan Weizheng, Wang Lanlan e al.. Theoretical
analysis and experimental measurement on the maximum blazing
angle for microprogrammable gratings [J]. Acta Optica Sinica ,
2008, 28(11) . 2220~2224
BEaRHE, SUARIB, £ 2222 S OB AT g R IR K DI £ 1 B
AHTG ST, b 4R, 2008, 28(11); 2220~2224

6 Zhang Wendong, Xiong Jijun. Micro-Opto-Mechanical Systems
(MOEMS)[M]. Beijing: China Machine Press, 2006
TROCHR, RRARZE. WOEHLHE R4 (MOEMS) (M. dbat: HLAk T
b H R . 2006

7 K. E. Petersen. Silicon torsional scanning mirror [J]. IBM J.
Research and Development s 1980, 24(5): 631~637

8 J. B. Sampsell. Digital micromirror device and its application to
projection displays[J]. J. Vacuum Science & Technology B:
Microelectronics and Nanometer Structures, 1994, 12 (6).
3242~3246

9 H. Kueppers, T. Leuerer, U. Schnakenberg et al.. PZT thin
films for piezoelectric microactuator applications [J]. Sensors and
Actuators A : Physical , 2002, 97-98(1) . 680~684

10 C. H. Ji, M. Choi, S. C. Kim e al.. Electromagnetic two-
dimensional scanner using radial magnetic field [ J ]. J.
Microelectromechanical Systems, 2007, 16(4): 989~996

11 S. Schweizer, S. Calmes, M. Laudon e al.. Thermally actuated
optical microscanner with large angle and low consumption[]].
Sensors and Actuators A : Physical, 1999, 76(1-3) . 170~177

12 X. M. Zhang, F. S. Chau, C. Quanet al.. A study of the static
torsional micromirror [ J]. Sensor and Actuators A, 2001, 9.
73~81

13J. H. Lee, Y. C. Ko, B. S. Choi e al.. Bonding of silicon
scanning mirror having vertical comb fingers[J]. J. Micromech.
Microengng. » 2002, 12(5) . 644~649

14 W. T. Lin, J. C. Chiou, C. Tsou. A self-aligned fabrication
method of dual comb drive using multilayers SOI process for
optical MEMS applications [ J ]. Microsyst. Technol., 2005,
11(2-3): 204~209

15 Zhou Hongfeng, Wang Dongyun, Huang Tiru et al.. The study
of measure model and optical path design of small angle measured
by laser tiangulation[J]. J. Yunnan Nationalities University ,
2008, 17(3): 277~279
JALHe, EART . SR S WOt = 5 /N fy 1 ) 7 A Y
FYEHEIT s ()], =d Rk X £ F M. 8 KH 5. 2008,
17(3) . 277~279

16 F. Filhol, E. Defay, C. Divoux et al.. Resonant micro-mirror
excited by a thin-film piezoelectric actuator for fast optical beam
scanning [ J . Sensors  and  Actuators A, 2005,
123-124. 483~489

17 A. Arslan, D. Brown, W. O. Davis e al.. Comb-actuated
resonant torsional microscanner with mechanical amplification
[J]. J. Microelectromechanical Systems, 2010, 19(4); 936~943

18 K. U. Roscher, H. Gratz, H. Schenk e al.. Low-cost
projection device with a 2D resonant micro scanning mirror [ C].

SPIE ., 2004, 5348 22~31
EERE: # %

0523003-7



