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Advantages
・High-speed actuation
・High-resolution actuation
・Large displacement

Whole chip deformation mechanism

・Self-assemble
・Usable for vascularization, bone repair
・Size reduction as culture time advance Spheroid size
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Background & Purpose: On-chip Cell Mechanical Characterization

Basic concept: 
Non-contact actuation of on-chip probe
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Drive performance

・Ramp input : 𝒙𝒙𝒊𝒊𝒊𝒊 𝒕𝒕 = 𝑨𝑨𝒕𝒕 𝑓𝑓(𝑡𝑡) = 𝐴𝐴
𝑘𝑘𝑠𝑠

𝑘𝑘𝑠𝑠 + 𝑘𝑘1
𝑡𝑡𝑘𝑘1 +

𝑘𝑘𝑠𝑠𝑘𝑘2𝜏𝜏
𝑘𝑘𝑠𝑠 + 𝑘𝑘1 + 𝑘𝑘2

1 − 𝑒𝑒𝑥𝑥𝑒𝑒 −
𝑡𝑡
𝜏𝜏

𝑘𝑘𝑠𝑠 + 𝑘𝑘1
𝑘𝑘𝑠𝑠 + 𝑘𝑘1 + 𝑘𝑘2

𝑥𝑥𝑠𝑠(𝑡𝑡) = 𝑥𝑥𝑖𝑖𝑖𝑖 𝑡𝑡 −
𝑓𝑓(𝑡𝑡)
𝑘𝑘𝑠𝑠

𝐺𝐺 𝑠𝑠 =
𝐹𝐹(𝑠𝑠)
𝑋𝑋(𝑠𝑠)

=
𝑘𝑘 𝐸𝐸1 + 𝜏𝜏𝑠𝑠(𝐸𝐸1 + 𝐸𝐸2)

𝑘𝑘 + 𝐸𝐸1 + 𝜏𝜏𝑠𝑠(𝑘𝑘 + 𝐸𝐸1 + 𝐸𝐸2)
𝜏𝜏 = 𝐶𝐶/𝐸𝐸2

・ Transfer function

=
𝒇𝒇 𝒕𝒕 + ∆𝒕𝒕 − 𝒇𝒇 𝒕𝒕
𝒙𝒙𝒔𝒔 𝒕𝒕 + ∆𝒕𝒕 − 𝒙𝒙𝒔𝒔 𝒕𝒕

×
𝟏𝟏
𝑫𝑫

[𝐍𝐍/𝐦𝐦𝟐𝟐 (𝐏𝐏𝐏𝐏)]

・ Stiffness-index
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𝜏𝜏 �
𝑘𝑘𝑠𝑠 + 𝑘𝑘1

𝑘𝑘𝑠𝑠 + 𝑘𝑘1 + 𝑘𝑘2
1 − 𝑒𝑒𝑥𝑥𝑒𝑒 −∆𝑡𝑡𝜏𝜏 � 𝑘𝑘𝑠𝑠 + 𝑘𝑘1

𝑘𝑘𝑠𝑠 + 𝑘𝑘1 + 𝑘𝑘2
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0

50

100

0 0.5 1 1.5
Time[Sec.]

M
ea

su
re

d 
fo

rc
e 

[µ
N

]

Force sensor probe tipBase probe tip

Spheroid

0 0.30.1 0.5 0.7 1.1
200 µm

0.9 1.3 1.5Time (Sec.)

0

10

20

30

0 0.5 1 1.5

De
fo

rm
at

io
n 

[µ
m

]

Time[Sec.]

𝑡𝑡: 0.5 sec.
∆𝑡𝑡: 0.2 (sec. )

Experimental result
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