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We will measure mechanical characteristics of living 
tissues in liquid environment by fabricated sensor.

F
re

qu
en

cy
: 
f[

H
z]

Applied force: P [mN]

f = 712,888 P + 8.175E+07
R² = 0.998
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Loading characteristic

Sensitivity : 712,888 Hz/N
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5 nN~1.6 mN

T Chu Duc, 2005 , 
J. Micormech. Microeng.

Piezo-type (Silicon)
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Load cell
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490 μN~50mN
Fabricated sensor

AFM (Contact mode)

1 pN~2 nN

0.73 μN~50 mN

Thorsten Hugel,2005, 
Physical review letters

Background & Purpose

・Non-linearity of reaction force
・Soft & Small
・Medium environment

Wide measurement-range
 High resolution
Waterproofing

Sensor requirements

QCR sensor
Demands on measuring the mechanical properties of living tissue increase

Conclusion & future work

Oscillation 
circuit

Output
(periodic voltage output)

Quartz Crystal Resonator (QCR) 

 High stable periodic signal
 Frequency changes linearly depending on stress.
 Quartz crystal has high Young's modulus.

high resolution
wide-range
long-term stability
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K. Guevorkian, et al. PHYSICAL REVIEW LETTERS (2010)

Sheet resist
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(c) Sandblasting

(d) Wet etching
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(f) Patterning of Cr/Au

(g) Patterning of resist

(h) Sandblasting

(i) Wet etching

(j) Atomic diffusion bonding

Fabrication process

Oscillation circuit
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Calibration results

Resolution: 0.73 μN

Measurement range: 6.8 x 104(0.73 μN – 50 mN)
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Features of biological samples

B. Wacogne et al., Biomed Microdevices (2008)

Force sensor probe using QCR

✔High resolution

✔Waterproofing

Sensing layer

Cover layer

Force magnification

Cover layer

Applied force

Electrodes

Clearance 
for waterproof

Measurement method of cantilever type

Cantileverܨ y
Samples

Thickness: T
41.7m → 15 m

Sensitivity:	࢙ࡿ
×2.9 times
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௫ܫ :Second moment of area
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ܵ௦ :Sensor sensitivity

݈ :Length	of	cantilever

ܶ :Thickness	of	cantilever

݂ :Frequencyܵ଴ :Stress sensitivity

Features

Force sensor probe

But not enough


