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Design and Resonant Characteristic Analysis of a

Vibrating Angular Rate Sensor of Microstructure
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Abstract

A vibrating angular rate sensor with tuning fork type resonator of microstructure 940x820 wm’) was designed and will be

fabricated by polysilicon surface micromachining. The angular rate sensor is driven in a lateral direction by clectrostatic
force of comb drive electrodes. and vertical vibrations of the sensor. which is detected capacitively, are produced by
Coriolis forces due to an external angular rate. Mechanical Q factors and a difference between the frequencies of the two

resonant modes, the driving mode and detecting mode. play a great role in increasing the sensitivity of the sensor. To be a
highly sensitive sensor, it was designed to have as small frequency discrepancy of the two resonant modes as possible.

Finite element method was used for the modal analvsis. Scveral design parameters were selected and their contributions to

the modal frequencics were investigated. A method was presented for tuning the detecting modc frequency by DC bias on

the drive electrodes.
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Fig.1. Plane view of the tuning fork type micro resonator
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Fig.2. Resonant frequency changes with

the variation of design paramters
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(a) Translational mode ( f; = 14183Hz )

(b) Tuning fork(driving) mode ( f- = f. = 14307Hz )

(c) Detecting mode ( {5 = £, = 143908Hz )
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Fig.3. Four mode shapes by FEM analvsis
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Fig 4 Resonant frequency tuning by DC offset voltage




Mol BE Y 2WE olgsto] FE WIo] sl
A AR Aol G A FuS WIE Figd ol Hol
T ogloh thee MR U] shHA mel HEA AL
Holth A7 Hiololx ¥7k W M apolo] shahalw
AL Prle WY re

net 5
F="22p
y @
ofth oi7lA ne NG AF Aao|T e Bolof

ol
TZEY T

g FHE = X
o] "4k M-I 7ke] A
_‘

1§ 23t & p B W A
Edlae wpoJoja Mgte] abgof ulwlstel Z7} )
Figd oM BRo] Al Roo] 23 Fuleo] Z7hgo]
oM Gk asvAHRAM FE mDe 33 Fukeo
27 He AE B & Adh B =R AT 5
E 2 15VelA IHz 45voM MHz H =l B3 &
Hed FEAAE ¢+ ok &Y 2E U3l

A& dlolojAZ Ho] Zn4ExnE
PR 5 A3ol AF voloja
A Brel F3 Byl 3
o A BAE o Fuas A £ o2tk b

Pe ANl WAl ¥ MeTT £4H ool B

tlC)
2 Fabg zbole Fx7F sbsbo)
5. @

B ERolME vlol22 vl leg olgsl My
# AEP ASE AAe] Aol visted =gtk 7]
AH QA TE Y FA REolM dast= 23 3
steo] apols} MMel Zmof nlAle Gwol WA %
AR, FB aa WML Bato] B3 Fuaol
olg Hastete F8 A7 ArEY ghe B
w3 A FE 3ol HAF dlelojAg Hol ArE
2o 37t F B Fueg $xshs e Al
sdch Mol AAE d¥e S8l Agx. & 37 ¢
Yt Q Ao BAE Lol o] & olgsl AxHe] H

o)

4 7 ghe
$¥ a4 BWo 4o mue 2
AW 59 M mees 15y
54 A% dlZol f8si 29 Holtt

AR @ 2 duT B ok

-160-

F1 £Q
(1) J. Soderkvist,
Ratc Sensors,” IEEE  Trans. on Ultrasonics. Ferroclectrics. and
Frequency Control. Vol.38. No.3. May 1991, pp271-280.

(2) J. Soderkvist, “A Sensor Element Ttended for a Gyro.” Swed.
Patent No. SE8900 666, July 30, 1992.

(3) J.Bernstein, S.Cho, A.T.King. A Kourcpenis. P.Macicl. and
M .Wecinberg, “A Micromachincd Comb-Drive Tuning Fork Rate
Gyroscope,” Digest IEEE/ASME Micro Elcctro Mechanical
Systems (MEMS) Workshop, FtLauderdale. Fl.. Feb. 1993,
pp.143-148.

(4) K.Tanaka, Y.Mochida. S.Sugimoto. K.Moriva. T Hascgawa.
K.Atsuchi, and K.Ohwada. “A Micromachined Vibrating
Gyroscope,” Digest IEEE/ASME Micro Electro Mechanical
Systems (MEMS) Workshop., Amsterdam. The Netherlands Jan.
1995, pp.278-281.
(3) o1&, 1995,
apo|2 o] A,
7ledd, oA
(6) J.J.Choi, K.Minami. M.Esashi. =

by Deep Reactive Ton Etching.” Proc. of the Int’] Svmposium on

“Piezoelectric Beams and Vibrating Angular

“qh R A2t &
A g ke

olgtt A7tugy F
HApstel e g, grashst

Silicon Angular Rate Scnsor

Microsystems, Intelligent Materials and Robots. Scndai. Japan.
Sep. 1995, pp.29-32.

(7) Y.H.Cho. A P Pisano. R.T.Howe. ~
for Laterally Oscillating Microstructures.”
Electro Mechanical Systems, Vol.3. No.2. June 1994, pp.81-87.

Viscous Damping Modcl

Journal of Micro



