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Four-mode matching tri-axis silicon microgyroscope
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Abstract: A tri-axis gyroscope with the improved square symmetrical structure consisting of four large proof-
masses and four small proof-masses was proposed to realize a monolithic six Degree of Freedom inertial meas-
urement unit. Firstly, the structure and its working principle of the unit were introduced and the required
performance was given by detailed design parameters. Then, the modal analysis for in-plane driving mode and
out-plane sensing mode was simulated. To increase the mechanical sensitivity for each sense mode, a dual e-
lectro-statically tuning method was adopted. In this method, a tuning voltage was first applied on the proof-
mass to make the frequency shift between drive mode and yaw mode as small as possible, and the other tuning
voltage was applied on a polysilicon electrode plate over the small proof masses to further make the frequency
shift among the four modes to be under 30 Hz. By these, the tuning method was verified to be effective. Fur-
thermore, the quality factors for driving and sensing resonant modes were simulated through analysis of the
thermoelastic damping mechanism. The analysis results indicate that the quality factors in driving and sensing

modes are 23816 and 19507, respectively. Finally, a process flow for high aspect was designed combining the
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surface and bulk micromachining. The design and simulation for this square symmetrical and decoupled struc-

ture demonstrate that the mode matching and quality factor can meet the design requirements for the tri-axis

gyroscope.
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Fig.1 Schematic diagram of tri-axis gyroscope
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Tab.1 Geometry parameters
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Tab.2 The performance index
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(a) Frequency split in mode-matching tuning
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Fig. 4 Frequency shift in mode-match tuning
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Fig.5 Quality factor simulation in drive and sense modes

4 =ZmREENImLT

ZIREZ MM HARPASS T 25 3
TR mE 6 frox. WK 6Ca) iR, |75
500 pm JRERY SOT i i [ 36 % 1. L THT A9 6k AR



oM

BT A5 DU S DT IE =l e A B R AL 2331

1CPZ%Ik
EIEER

 ICPAI 52

(© (2)

TR %5
LR SYreE  wmm BEIURE
AfLHE

K6 =B R T2

Fig. 6 Process flow for Tri-axis gyro
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