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1. Background: Mechanical impedance measurement
Elasticity of ZP changes 

by mature stages
Bio-film is increased 

by applying salt stress

Uozumi et. al.
JBC 2009, J. Bacteriol 2010

Maruyama et. al.
J. Mamm. Ova Res. 2008

Continuous / High throughput sensing
of Caller Mechanical Parameters

Synechocystis sp. PCC 6803Oocyte

Medium: Nomal

Medium: 500 mM NaCl

2. On-chip cellular force measurement
Passive type Active type

High throughput Low throughput High throughput
Relative sensing Absolute sensing Absolute sensing
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measurement point

Free
Measurement

Fixed
measurement point

Parameters were estimated 
form CCD image
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Applying
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Force sensor

Width tunable microchannel

Applying force

Force sensing

Geometrically-constrained
microchannel

3DOF Microtool

3. OCIAN: On-Chip Impedance ANalyzer
Sensing Part

(CCD camera)

Actuation Part
(Motorized stage)

Disposable Part  (Robochip)
Robochip: Robot integrated microfluidic chip

Width tunable microchannel

(1) Tunable wall is actuated 
in a microfluidic chip

(2) High power and High resolution
(3) Chip part is disposable

4. Displacement reduction mechanism

5. Experimental results

6. Conclusions

Actuation
Point (a) Previous method (b) Proposed method

Motorized stage

M
an

ip
ul

at
io

n 
Po

in
t

Manipulation
Point

Reduction 
Mechanism

M
an

ip
ul

at
io

n 
Po

in
t

Motorized stage

( )

( )

( ) A
CCBCA

C
B

A
CCBCA

CB
A

CBA

B
D

CBB

A

A

B
F

C

C
C

B

B
B

A

A
A

P
kkkkk

k

P
kkkkk

kk
kk

R

kkk
k

P
PR

l
EIk

l
EIk

l
EIk

2

2

333

)(

)(

1
1
1

1

12,24,24

−++
=

−++
+

=

+
==

+
==

===

δ

δ

δ
δ

・

 Forceof rate Reduction
ent Displacemof rate Reduction

structureCenter :, BΒeam:Α Βeam:

：

：

F

D

R
R

CBA ,

Dead-band is reduced by displacement reduction mechanism
This mechanism utilizes the serially-connected springs with different stiffness
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Patterned SU-8 PDMS cover

Patterned SU-8

Patterned Cr/Au

(a) Fabrication of cover layer

(b) Fabrication of device layer

(c) Fabrication of holder layer
Device pattern

Spacer pattern
Cage pattern

Cover layer

Device layer

(d) Assembly and Packaging

Magnet

Holder layer

7.5 mm Motorized stage
(Actuation part)

Robochip
(Disposable part)

Objective lens
(Sensing part)

System setup

1 cm

300 μm

Fabricated robochip Manipulation point

Robochip, which has microfluidic component integrated with
robotic sensing unit, was proposed as a disposable part of

OCIAN for the cellular force measurement. The tunable wall with the displacement reduction
mechanism, which is the serially-connected springs with different stiffness, was actuated in
non-contact by the magnetic force. We succeeded in nanometric order tuning of the tunable
wall width.On-chip cellular force measurement of flowing cells was succeeded by in-situ and
pre- tuning of the wall.

Problem: Dead band
MMT doesn’t move despite of the displacement of the stage

Microtool (Parmanent magnet type)

Permanent magnet 
on the motorized stage

Disposable Part

Actuation Part

Dead-band

H. Kimura, et al.

AFM
Power : nN order
Resolution : Å order
Target : Adhered cell

Onda, et al.

Optical tweezers
Power : pN order
Resolution : nm order
Target : Floating cell

Magnetic actuator
Power : mN order
Resolution : μm order
Target : Floating cell

Kawahara, et al.

High power
High accuracy

required

Sample number
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Cellular force measurement Young’s module measurement

Deformation

Cellular force

Applied force

① Transportation

② Force measurement

③ Release

Measurement of cellular mechanical parameter (Young’s module)
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Stage [μm] 40 60 80 100 200 300 400 500
Manipulation

point [μm]
AVE 2.68 3.89 5.23 6.56 13.24 19.03 23.21 26.22
STD 0.18 0.14 0.12 0.10 0.10 0.10 0.10 0.12

Actuation
point [μm]

AVE 20.8 30.0 39.8 50.8 100.3 147.0 166.9 178.1
STD 1.96 1.19 1.09 1.14 1.32 1.47 1.12 1.23

Reduction rate 7.76 7.72 7.61 7.74 7.58 7.73 7.19 6.79

Repetitive positioning accuracy of tunable wall
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