
(b) Fabrication process
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(a) Design
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III. Fabrication of quartz crystal resonator 

• What is new ?
• センサシステムの小型・薄型化, 水晶振動子の安定保持:
水晶振動子の水平保持機構，力方向の変換機構（垂直→水平）．

• 曲げ応力の低減: 上下二重構造の板ばねの導入．

水晶: 曲げ，引っ張り，衝撃に弱い．

水晶振動子を用いた力センサ: 外力により共振周波数が変化，デジタル化容易，
自己検知機能，高感度，優れた温度・周波数安定性．
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II. Novel mechanism force sensor with quartz crystal resonator
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• Novel mechanism
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I. Introduction
• Medical and nursing

Endscope Biosignal

• High sensitivity
• Wide measuring range 
• High-speed response  
• Small size
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• Comparison with traditional research and commercial products

水晶振動子を用いた力センサはどこまで薄くできるか？

Design and Fabrication of Micro Force Sensor
with Quartz Crystal Resonators

Arai Laboratory, Department of Bioengineering and Robotics, Tohoku University
Yu-Ching LIN, ○Ayumi ASAKURA, Toshio FUKUDA, Fumihito ARAI 

VI. Conclusions 
• 微細加工技術により製作した水晶振動子を用いた超小型力センサ機構を提案．
• 従来より薄型で安定な構造であることをFEMによる解析により確認．
• 共振周波数と荷重に単調増加，静的荷重の計測が可能であることを確認．

V. Experiments
(a) Experimental setup

Oscillation circuit

• Frequency selection.
• Amplification.

Power supplyOscilloscope

Frequency
counter

Oscillation  
circuit

Force sensor

5 mm

(b) Experimental results
(ii) Frequency stability

Hysteresis: 5.78%
Nonlinearity: 12.59%

Hysteresis: 2.47%
Nonlinearity: 2.88%

・The quartz crystal
resonator unit

Weight

Electronic balance

•Static load measurable.

(Temperature: 20.4°C ,
Humidity: 26%, Input: 4.0 V )

(i) Basic operating characteristic
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(v) Develop

(iv) Flood exposure (viii) Repeat (i) ~ (vii)

AZ-5214E

Mask

(ii) Exposure (vi) Sputter

(vii) Removal

(i) Resist spin coat

(iii) Bake (Image reversal)
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• AT-cut quartz crystal 
(Main vibration:

Thickness-shear)
• Circular electrode
• Direction of 34.8°
from X axis

(c) Frequency characteristics of quartz crystal resonator

• Improvement of 
sensitivity and stability

IV. Stress analysis of sensor mechanism by FEM
(a) Distribution of stress (b) Distribution of displacement

(i) Simple board     
springs

(ii) Bipolar system

• Uniform compression stress.
• Bend is hardly generated.

Comparison  
analysis

• Maximum deformation: 0.297 μm (3.27 MPa)
• Conversion efficiency of force: 36.7%
• Allowable stress, Overload: 235 MPa, 130 N
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