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For the high speed and continues measurement of mechanical properties of the cell
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for Measurement of Mechanical Parameters of Cell 

1. Background Mechanical parameter sensing of specific cells 
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Power : nN order 
Resolution : Å order 
Target : Adhered cell 

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

Magnetic actuator 
Power : mN order 
Resolution : �m order 
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2. Concept Deformation of cell in a flow 3. Analysis of Reduction Mechanism 
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The on-chip probe was designed to 100 �m order cell. 
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4. Fabrication Layer fabrication  

6. Conclusions 

Process flow of on-chip probe Photos of fabricated on-chip probe 

5. Experiments

Sample stage 

On-chip probe 
(disposable part) 

Microscope 
(sensing part)

Motorized stage 

Magnetic flax density  
  placed on the motorized stage:176 mT 
  assembled to the on-chip probe: 140 mT 

Overall view of experimental setup 

Repetitive positioning accuracy 

Deformation of oocyte 

Manipulation power was  
estimated to 0.42 mN 

Repetitive accuracy of the probe tip: 
 STD < 0.18 �m 

100 �m 40 �m 

We succeeded in non-contact actuation of probe in the microchannel. The 
performance of the positioning accuracy was examined, we applied this 
system for on-chip deformation of the cell. 
In the future research, the on-chip force sensor will be developed in order 
to measure the cellular mechanical parameters. 
The proposed method will be one of the promising methods to realize high 
throughput sensing of mechanical parameter of cell. Since the chip part is 
disposable, our concept is suitable for biomedical application. 
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Displacement of Actuation Point 
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Magnetically driven 
 microtools 

Magnet  
on the motorized stage 

Improvement of  
positioning accuracy 
�m order ⇨ nm order 
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Stage [�m] 40 60 80 100 200 300 400 500
Manipulation 

point [�m] 
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 [�m] 

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

Manipulation distance of XY-stage [mm] 
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Cr (alignment mark) 

1. Sputtering of Cr  
     and OFPR Spin coating 

2. Cr patterning 

CrOFPR 

3.Patterning of SU-8  
                           (1st layer) 

4.Patterning of SU-8  
                          (2nd layer) 

5. SU-8 Spin coating 

SU-8 

Magnet 

6. SU-8 Patterning 

7. DRIE 

8. Assembling magnet 

The important features of the actuation method are  
the power and the resolution of manipulation. 

Hold layer Device layer 

9. Assembling 
Displacement : 30 �m 

Probe tip 

Si wall 

Oocyte 

Actuation  
point 

Manipulation  
point 

On-chip cellar force measurement 

On-chip probe 
On-chip 

force sensor 

Oocyte Micro- 
channel 

Measured cellar force: 10.0 �N 

Thickness:
10 �m 1 cm 

40 �m 

100 �m 

Sensing part 

Actuation part 

(1) Measurement in a microfluidic chip 
(2) High power and High resolution  
(3) Chip part is disposable 

Glass 

SU-8 

SU-8 

Device pattern 

1.5 cm 

Mechanical Properties Measurement 

Disposable part 
Cell 


