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Study on a Resonance Type Micro Acceleration Sensor (1st Report)

- Design and the Basic Evaluation with the 20-times Enlarged Model -

Takeo SATO, Ushio SANGAWA , Kazuhiro KUSUKAWA and Koichi KAWATA

Sensors that detect the mechanical quantity are shifting from the bulk type to the MEMS type for the miniaturization, the

cost reduction, and high reliability."~* Regarding the acceleration sensor, the resistance type and the capacitance type

made by the MEMS technology have been commercialized. However, the sensitivity is still a weak point to those sensors.

It is considered that there is an advantage of sensitivity in the resonance type because the mechanical resonance is used.

In this study, we clarified the relation between sensitivity and the size concerning the newly designed resonance type

acceleration sensor by the numerical simulation. Next we evaluated the sensor characteristics with the 20-times enlarged

model. As a conclusion, it was confirmed that the resonance type had a potential for realizing the high sensitivity micro

acceleration sensor.
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Close up of the diaphragm

Fig.1 Structure of the designed resonance type acceleration sensor
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Fig2 Dimensions of the beam and the diaphragm

Table 2 Relations between the detection resolution of
acceleration and parameters of a cantilever beam

Parameter of beam Detection resolution

Density o) Proportion

Young' s modulus E Inverse proportion

b/ a Proportion
L—I Proportion to thesecond power
Thickness H Inverse proportion
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Fig.3  An analytical model of the diaphragm

Table3 Parameters of the real size diaphragm

Material 4-2Aloy
Mechanical | Young's modulus : E 150GPa
Properties Poisson ratio 14 0.3
Density 0 8.03 g/cm®
: Length | 0.5mm
Dimensions
: Width W 0.1mm
( real size)
Thickness h 4um
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Fig.4 Relation between the first resonant frequency
and the magnification of dimension
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Fig.5 Relation between the first resonant frequency and
the width/length of a diaphragm
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Fig.6 Relation between the first resonant frequency
and the thickness/length of a diaphragm
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Table4 Relation between the parameters of the
diaphragm and the first resonant frequency

Parameter Resonance Frequency

Expansion ratio Inverse proportion

Width Independent
Thickness Proportion
Density Inverse proportion to the 1/2th power

Young' s modulus

A Proportion to the 1/2th power
E=E/(1—0?
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Fig.10 Measurement results of frequency response
of the 20- times models

TableS Comparison between experiment results and
calculation value for resonant frequencies

Order Calculation | Experiment Deviation [%]
[Hz] [Hz] (Cal.— Exp.) X100 / Exp.
1 3,688 5,500 -33
2 10,167 14,000 =27
3 19,931 29,000 -31
4 32,947 42,000 =22
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Fig.11 Acceleration sensor of 20- times dimension
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Fig.12 Acceleration sensitivity of 20- times model
(3rd order resonant frequency type)
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