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１．概要（Summary） 

When the resonant frequencies of drive and 

sense modes are matched, the mechanical output of 

a MEMS vibratory ring gyroscope is maximal, so 

the high performance is possible to achieve. But for 

(100) single crystal silicon (SCS) vibratory ring 

gyroscope (VRG), the anisotropic in-plane Young’s 

modulus causes frequency splits (∆f) between the 

drive and sense modes [1]. Here, non-uniform 

radial width design of VRG to compensate the 

elastic anisotropy of (100) single crystal silicon was 

introduced and characterized by FEA (有限要素法) 

simulation and experiments. 

 

２．実験（Experimental） 

【利用した主な装置】 

[A3] Laser pattern generator 

[B8] Reactive ion deep silicone etcher  

【実験方法】 

Ring gyros were fabricated using SOI wafer. An 

aluminum layer for electrodes was deposited on the 

(100) silicon wafer surface by PECVD (Fig. 1). Then 

vibratory ring gyroscope and electrodes structures 

were patterned by laser direct writing on 

photoresist. Deep reactive-ion etching (DRIE) was 

applied to etch out the ring and spring beams. At 

last, sacrificial layer was etched and vibratory ring 

gyroscope was released through vapor hydrofluoric 

acid (VHF). 

 

３．結果と考察（Results and Discussion） 

Fig. 2 shows frequency split changes with 

increased tuning voltage of VRGs w/ and w/o width 

compensation. It’s observed that frequency split 

first decreased and then increased with tuning 

voltages. And for VRG w/ width compensation, the 

minimum frequency split is about 30 Hz at 12 V, 

while the minimum split of VRG w/o width 

compensation is as large as 160 Hz at 9 V. The 

anisotropic stiffness of uncompensated VRG 

fabricated in (100) SCS is not able to be completely 

compensated by electrostatic tuning, which proves 

the necessity of geometrical compensation design. 

 

Fig. 2 Frequency split changes with increased 
tuning voltage. 
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Fig. 1 Sample fabrication. 


