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Driving-mode test of dual-mass MEMS gyroscope
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Abstract: A new dual-mass gyro is studied in this paper, for double-linear vibrational dual-mass MEMS
gyroscopes are insensitive to the environment, and their differential outputs can effectively suppress
the common mode interference. On the basis of the structure and the principle of operation, the driv-
ing modal of the dual-mass gyro is analyzed in theory, and the simplified dynamic equations are pro-
posed. Then, the finite element software ANSYS is used to numerically simulate the driving modal,
and a driving circuit is used to test the driving modal of a fabricated gyro sample. By using several
loading methods in simulations and tests, the amplitude-frequency curves are obtained. These results
are in agreement with the theory analysis, which shows that dual-side driving method is better than
single-side driving one,and the opposite-direction driving method can drive a dual-mass gyro in work-
ing mode. Simulation and experiment results verify the driving-mode characteristics of this dual-mass
micro-gyro.
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1 Introduction

With development of the micromachining and e-
lectronic technologies, MEMS ( micro-electro-
mechanical system) emerged as requirements of
time require and developed rapidly™!. Silicon mi-
cro-machined gyroscope is a kind of MEMS. The
working of a single mass gyro can be seriously
affected due to the axial acceleration which is a
common mode interference and causes the invali-
dation of the electronic circuits. Dual-mass sili-
con micro-machined gyroscopes are more practi-
cably than the single-mass ones. They are insen-
sitive to the environment, and the differential
output can effectively suppress the common
mode interference.

In this paper, a new double-linear oscillation
dual-mass gyro is studied. The gyro’s driving-
mode is analyzed in theory and simulated by u-
sing the finite element software. Finally the fab-
ricated gyro sample is tested to verify the driv-
ing-mode characteristic of this dual-mass micro-

gyro.
2 Theoretical analysis

2.1 Structure and operating principle

A schematic diagram of the dual-mass MEMS
gyroscope is depicted in Fig. 1. This structure u-
ses symmetrical geometry, including anchor,
driving electrodes, driving combs, left driving
frame, right driving frame, right proof mass,
sensing combs and supports, sensing electrodes,
and left proof mass.

By supplying an alternating voltage between sta-
tionary driving electrodes and moving driving e-
lectrodes, two proof masses are forced to oscil-
late in anti-parallel direction along the x-axis. If
there is an external angular rate (2 around the z
axis, this motion will be translated to the sens-

ing parts and picked up by means of the comb ca-

pacitor structure due to their change in capaci-
tance.

Driving electrodgs Driving combs

Anchor \1: Left driving frame ~ Right driving frame

Left proof mass ||| ‘ I
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2 ‘Mw Right proof mass

- Sensing combs
‘ W“{ and supports

Sensing combsﬂ“\m ‘
. Sensing electrodes

and supports F

. ‘Driving combs
Anchor Driving electrodes

Fig. 1 Schematic structure of the gyro

2.2 Simplified dynamical modal

The dual-mass gyro can be treated as a second-
order linear system with multi-degree of free-
dom"*,

spring-mass-system ( Fig. 2), where m is the

The driving part can be simplified as a

mass,k is the spring stiffness,and ¢ is the damp-

ing coefficient.
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(a) In-phase mode
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(b)Reversed-phase mode

Fig. 2 Two oscillation modes of the gyro

Dynamic equations of this second-order spring-

mass-system can be expressed as
. L, F, -
1+ 26w.x twix =———sin(w.) , (1)
m,+m,

where w, is the driving frequency,w, is the natu-
ral frequency, &, is the damping ratio,and F,sin
(wyt) is the sinusoidal driving force. This equa-

tion has two solutions:

— kot — R R R TR, 2)
@l m, +m, “ m, +m, ’

where w,; is the in-phase mode frequency, and
w, is the reverse-phase mode frequency. In the

driving modal, the micro-gyro has two modes of
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oscillation: in-phase mode and reversed-phase

mode. As for a dual-mass gyro, the gyro needs
to work in the reversed-phase mode so that the

outputs of the gyro are differential.

3 Simulation and sample test

3.1 Harmonic response simulation
Ansys software is a kind of finite element soft-
ware that can be used to carry out harmonic re-

sponse simulation. Every periodic load can cause

periodic responses for a linear system. The
whole structure’s responses under a specified fre-
quency will be obtained, or a specified point’s re-
sponse of the structure in a frequency range will
be obtained”*.

Before carrying out harmonic response simula-

SV BN s

tion, the analytical module of this software

should be used in advance, which can find the

gyro’s two driving-mode frequencies and modal

(b)Reversed-phase mode

shapes of the gyro(Fig. 3). A simplified struc-
. . . . . Fig. 3 Modal shapes of the gyro
ture model is used in this modal simulation. By

means of the modal simulation, the in-phase

mode(Fig. 3(a)) frequency is 3 040 Hz and the

ka Node I kb
reverse-phase mode (Fig. 3 (b)) frequency is kg k
A Mo S ANYNNA M b
4 080 Hz. A —-
. . . C, Cy
Subsequently, harmonic response simulation
is carried out. Point a and b are picked from the (a) Single-mass of one-direction
model. Three loading methods (Fig. 4) are used
to simulate the gyro’s three driving methods: ; Node I ‘
a b
single-mass of one-direction, dual-mass of one- m, W‘m” Ay
direction, and dual-mass of opposite-direction. C] C[
a b
Harmonic response module of Ansys software is
used to get the amplitude-frequency curves at a (b)Dual-mass of one-direction
certain point of the gyro in the selected frequen-
cy ranges. k, Node I k,
. . . . k
By using the loading methods in Fig. 4, three ol m, ﬁ/lv\ii(\/]iz,_mbhb
amplitude-frequency curves (Fig. 5) at a certain C C,

point of the gyro are obtained. Fig. 5(a) is the

single-mass single-direction driving method, (¢)Dual-mass of opposite-direction

Fig. 5(b) is the dual-mass single-direction drive
. . Fig.4 Three loadi thods
method, and Fig. 5(c) is the dual-mass reversed # ree Joading methods

drive method.



1358 Optics and Precision Engineering

Vol. 17

(><210 )

1.8
1.6
1.4
12
1
0.8
0.6
0.4

02 A
o
2800 3200 3600 4000 4400 4800

fHz

Amplitude/m

(a) Single-mass single-direction driving
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(b)Dual-mass single-direction driving
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Fig. 5 Amplitude-frequency curves

3.2 Sample test

The driving circuit is used to test the driving
modal of the fabricated gyro sample!”. The mi-
crostructure is manufactured by silicon bulk mi-
cromachining. The scanning frequencies experi-
ments are carried out by using four methods:

single-mass of one-side one-direction, dual-mass

of one-side one-direction, dual-mass of one-side

opposite-direction, and single-mass of dual-side

one-direction(Fig. 6).
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(a)Single-mass of one-side one-direction

Drive Sense Drive

3

Drive
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(b)Dual-mass of one-side one-direction

Drive Sense

I

Drive Drive

(c)Dual-mass of one-side opposite-direction

Drive Drive Sense

]

Drive Drive

(d) Single-mass of dual-side one-direction

Fig. 6 Schematic diagrams of driving methods
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The four amplitude-frequency scanning curves
of these experiments (Fig. 7) are obtained by a
spectrum analyzer. Fig. 7 (a) was the single-
mass of one-side one-direction, Fig. 7(b) is the
curve of the dual-mass of one-side one-direction,
Fig. 7(c) is that of the dual-mass of one-side op-

posite-direction, and Fig. 7(d) is that of the sin-

gle-mass of dual-side one-direction.
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Fig. 7 Amplitude-frequency curves of scanning ex-

periments

4 Result analysis

The dual-mass micro-gyro has two resonant fre-
quencies that can be seen from these curves (be-
cause the Ansys simulation results merely save
the amplitudes greater than 0 dB, the two fre-
quencies can only be seen in the single-mass of
one-direction simulation result), for the fre-
quencies of in-phase and reversed-phase modes
respectively. But for the processing error of sili-
con micromachining, the frequencies have little
differences between the simulative and experi-
mental results. When using different loading and
driving methods, the simulation results are a-
gree with the experiments results. Here only the
amplitudes vary, and the frequencies keep invar-
iant. The experimental curve gotten by the sin-
gleemass of dual-side one-direction method is
more smoothly than the one gotten by single-
mass of one-side one-direction method. So the
dual-side driving method is better than the one-
side driving method. From the experiments’
curves gotten by dual-mass of one-side opposite-
direction driving method, the amplitude of 3 955
Hz is greater than the amplitude of 3 001 Hz,
which can also be seen from the simulation
curves gotten by dual-mass of opposite-direction
loading method. This curve shows that the sam-

ple of gyro oscillationing in reversed-phase mode
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is just in the working mode.

5 Conclusions

In this paper, simulations and tests are carried
out. These results are in reasonable agreement

with the theory. From these curves, it can be
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