
Piezo-Thermo-Mechanical Piezo-Thermo-Mechanical 
FEM analysis applied to 

vibrating inertial microsensors
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Quartz Wafer (1,5x1,5 inch 2) 
within 16 VIA accelerometers

VIA Accelerometer
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Quartz Wafer (1,5x1,5 inch 2) 
within 9 VIG Gyros

VIG Gyro
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Q factor

Zener theory 16 580

Oofelie : thermo-elastic 13 700

Oofelie : piezo-thermo-elastic 13 090

Experimental characterisation ~13 000

2 eFFET o ×××a

S. Lepage et al., CANEUS 2006, Toulouse, France
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Numeric scale factor : 12.6 Hz/g

Experimental S.F. : ~~~~ 12.5 Hz/g

Numeric scale factor : 31.9 Hz/g

Experimental S.F. : ~~~~ 30.5 Hz/g
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Noise induced by 
the other beam vibration
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Coriolis Vibrating Gyro

� Sensitive element: tuning fork
� 500 µm * 500 µm * 2 mm

� Driving mode : in-plane bending 
resonance ( ~ 35 kHz )

� Sensing mode : orthogonal bending 
mode induced by coriolis acceleration

� Angular rate measured by the 
amplitude of the sensing mode

Excitation 
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� Piezoelectric excitation by electrodes 
on the stem

Detection

� Electrical charges collected on each 
blade
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Driving mode
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Coriolis coupling
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Electrode optimization
� Piezoelectric modal analysis
� Electric charge evaluation
� Electrode efficiency� Electrode efficiency

� Mode pilote 
� Mode Détecteur

� Optimization of Rm for each mode

Scale factor
� Harmonic analysis with rotation speed
� Numeric Scale factor:  

1.3 10-16 C / (°/s)
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1.3 10 C / (°/s)
� Experimental scale factor: 

1.6 10-16 C / (°/s)
� Good agreement
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