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A Single Optical Source System for Exciting and Detecting the Vibration of
Silicon Microresonator Sensors
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Y Information Optics Laboratory s Shanghai Institute of Optics and Fine Mechanics ,
The Chinese Academy of Sciences, Shanghai 201800, China
2Graduate School of the Chinese Academy of Sciences, Beijing 100039, China

Abstract A novel method for exciting and detecting vibration of silicon microresonator sensors is presented. A
single laser diode is used for excitation and detection, and an all-fiber Fizeau interferometer is applied. The
displacement signal of microresonator is demodulated from the interference signal, which is modified with the
intensity change of the laser diode. The Bessel function ratio method is used to enlarge the measurement range. And
some working parameters need not be measured. Using this method the resonance frequency about 8. 81 kHz and the
tested cantilever amplitude at resonance about 135 nm were obtained. The experimental results are consistent with
those of other method, so practicability of the new method is proved.
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Fig. 2 Schematic diagram of the signal processing system
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Fig. 3 Amplitude A of the cantilever versus output signal R
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Fig. 4 Measurement curves of signal R when modulated

frequency is different

(a) far-off resonance frequency; (b) about 8. 81 kHz

R AR SCHY SE 30 55 B S T REGOIE IR 25 1 B
BEBARIIR IR T HE B RIS IRIIR ., KSR
5Z2% XM6JWMEBLER R\ EA N



1664 i &S]

#

* 33 %

119.51 nm) 7 —RE 290, — J7 T2 F T A G A 8 Ik
LW &R MR B T2 — BN R, 5 —J7 TR A
TRADEEMFIA—E MR RE, HRFE—L7
BTz iR 22 X5 4% T B JBE A9 B2 W) » 388 3 A O A B di
AL TT IR KIRZE

4 5 %

R T —FhiE T REOE IR 2 AR BT I A Bt
FHIRM RO %, RASEGERTHNEH, 5T
WAL TARTE R E S T it @ R 915 5 AL BT ¥
AUNTHES PR L IERGHIRIIES. XK
HRA LT IEWNR T MEE R BRI ERA N
8. 81 kHz M Hg RS T AR ZNIERE £ 09135 nm, R
FIDUZE R R B BB Y I AR AL BT SR 7 — RE AR
JBE 1 mT LAl /b DT 2 B R 5B R IX 1) % 0 23 Y BR
il T EL A 5 T — L ARG R BUE Y TAES 5
TWHE E L C WG ERE . HREZINENETEE
TadRA R IR 7E A5 5 AL B 2% 18 D ZE B R B AT 5
LA —2 5 R BT

& £ X M

1 B.H. Kim, F. E. Prins, D. P. Kern e al.. Multicomponent
analysis and prediction with a cantilever array based gas sensor [J].
Sensors and Actulators B, 2001, 78(1-3):12~18

2 A. Boisen, ]J. Thaysen, H. Jenseniuset al.. Environmental sensors
based on micromachined cantilevers with integrated read-out []J].
Ultramicroscopy , 2000, 82:11~16

3 B. llic, Y. Yang, K. Aubine al.. Enumeration of DNA molecules
bound to a nanoelectromechanical oscillator [J]. Nano Lett. , 2005,
5(5):925~929

4 Nickolay V. Lavrik, Panos G. Datskos. Femtogram mass detection
using photothermally actuated nanomechanical resonators [ J .
Appl. Phys. Lett., 2003, 82(16) :2697~2699

10

11

12

13

14

15

16

Gao Jinshan, Wang Jiazhen, Tong Shibai. The research of optically
excited and interrogated silicon resonators [ J|. Chinese J. Lasers,
1998, A25(3):253~256

Ea i, ERBLERFA. SGEEIAGR IR s RS R T
FE K, 1998, A25(3):253~256

Yu Hao, Ding Chun, Wang Yuelin et al.. The relationship between
silicon micromechanical resonators and excited point [ J]. Acta
Optica Sinica, 1998, 18(10) ;1445~1448

WM, T 4l EERN . BEGOPLAR R A R 5 BOR L B
BXRMPREL] A% 5], 1998, 18(10):1445~1448
Toshihiro Kobayashi, Jun Ohsawa, Tamio Hara et al.. Contactless
measurement of Young's modulus using laser beam excitation and
detection of vibration of thin-film microresonators [J]. Jpn. J.
Appl. Phys. , 2004, 43(3);1178~1182

J. Lai, T. Perazzo, Z. Shie al.. Optimization and performance of
high-resolution micro-optomechamical thermal sensors [J]. Sensors
and Actuators A, 1997, 58(2):113~119

N. A. D. Stokes, R. M. A. Fatah, S. Venkatesh. Self-excited
vibrations of optical microresonators [ J]. FElectron. Lett. , 1988, 24
(13).777~778

J. David Zook, David W. Burns, William R. Herb et al.. Optically
excited self-resonant microbeams [ J]. Sensors and Actuators A,
1996, 58(1-3).92~98

Liu Yueming, Liu Junhua, Zhang Shaojun. A laboratory study of
photothermal excited silicon microresonators with coated film [J].
Acta Optica Sinica, 2003, 23(5) ;529~533

XUH BT B4, 3B, B R O AR R 25 O $ Rl 19 55 58
WEEJ]. % FH, 2003, 23(5):529~533

L. M. Zhang, D. Uttamchandani, B. Culshaw. Excitation of
silicon microresonators using short optical pulses [ J]. Sensors and
Actuators A, 1990, 21(1-3):391~393

D. R. Vincent, J. N. Ross. An
micromachined silicon resonant sensor: towards a commercial device
[J]. Sensors and Actuators A, 1991, 25(1-3) ;209~212

Xuefeng Wang, Xiangzhao Wang, Yingming Liuet al.. A sinusoidal

all-optical single-fibre

phase-modulating fiber-optic interferometer insensitive to the
intensity change of the light source [J]. Opt. & Laser Technol. ,
2003, 35.219~222

Dailin Li, Xiangzhao Wang, Yingming Liu. Double sinusoidal phase
modulating laser diode interferometer for thickness measurements of
transparent plates [J]. Chin. Opt. Lett. , 2004, 2(6) :328~330
Yingming Liu, Xiangzhao Wang, Xuefeng Wang. Study on silicon
micro-resonators by using a novel optical excitation and detection

apparatus [ J]. Chin. Opt. Lett. , 2006, 4(5):309~310



