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Ec : Young’s modulus

 : Poisson’s ratio : (0.5)

P : Force (13.63 nN)

R0 : the size of the cell (12.00 mm)

 : deformation of the cell (8.59 mm)

Analysis by Hertzian contact stress
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1.  Patterning 
PMER 

2.  Etching glass 
by RIE 

3.  Sputtering Cr

4.  Patterning 
NCM-250

5.  Etching glass by 
sandblast

1.  Patterning SU-8 

2.  Etching silicon 
by DRIE

3.  Bonding glass

4.  Patterning SU-8

SOI wafer
TEMP
AX 
glass 5.  Etching silicon 

by DRIE

6.  Etching oxide layer 
with HF

7.  Bonding top side 
glass

8.  Removing Cr
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Fitting with Following Equation

High Resolution Sensing Method

𝜙

𝜙

−𝜋

𝜋

−𝜋

𝜋

𝐿

𝑝

k=0

Image 
sensor

Specimen

Interpolatio
n

Down 
sampling

Sampled 
data

Fourier-
Like 
Transforma
tion

k=1
k=2
k=3

Phase 
Detectio
n

k=0
k=1
k=2
k=3

100 m m

𝐼𝑘 𝑥 = 𝐼𝑎 cos 𝜙𝑚 + 𝑘
2𝜋

𝑁
+ 𝐼𝑏

𝐼𝑎 : amplitude of grating intensity 

𝐼𝑏 : background intensity 

𝜙𝑚 : phase of moiré fringe 

𝜙𝑚 𝑥 = −tan−1(
 𝐼𝑠𝑖𝑛 𝑘

2𝜋

𝑁

 𝐼𝑐𝑜𝑠 𝑘
2𝜋

𝑁

)

𝑢 =
𝜙𝑚 −𝜙𝑚(𝑡 = 0)

2𝜋
𝑝 Δ𝑢 =

𝑝

𝐿

𝐿 : The length of fringe

𝑝 : The pitch of the gratings

The performance of the accuracy 
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Moiré Fringetwo identical pitch

grating sensor array architecture 
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How is the cellular 

Force sensor

𝛿1

Actuator Probe

𝐶𝑠

𝐾𝑠 𝑀𝑠

𝛿2

Deformation of cell

Reaction force of cell

𝐹𝑐𝑒𝑙𝑙 = 𝐾𝑠𝛿1

𝛿𝑐𝑒𝑙𝑙 = 𝛿2 − 𝛿1

Key factor : Accuracy of 𝛿1, 𝛿2, 𝐾𝑠
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𝐾𝑠 = 2.9 × 10
−2 N/mCalibration of Force 

Sensor

Objective Lens of Microscope

Piezoelectric
Actuator

Inlet-Outlet

Robot Integrated 
Microfluidic Chip

ロボット統合型マイクロ流体チップを用いたモアレ干渉縞による高精度細胞計測
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