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What’s New ? : Cell aspiration by on-chip micro-robot.
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Conclusions & Future work

Background

Analysis

-High throughput
-High power
-Low contamination
-Low evaporation
-High function

On-chip micro-pipette

Side view

Cell

Top view

Input port

Extraction port

Micro-pipette

Fabrication

Measurement Experiment
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SU-8 membrane

Magnetically plate

2[mm]
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SU-8 Young's modulus: 4.3GPa
Load force: 25mN
Displacement: 30.5m
Pumping quantity: 30.7nl

Model

Analysis software: COMSOL Multi physics 

Displacement

1mm

2mm

SU-8 pump actuated by permanent magnet was enough 
for cell  aspiration and manipulation.

Thickness: 
150m (50m x 3 layers) 
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Required functions of the micro-pipette
-High power manipulation
-High precision manipulation
-High precision fabrication
-Pumping

SU-8 (Thick photoresist)
-MEMS fabrication: Resolution 1m 
-SU-8 membrane can activate as pump

10m

50m

Development of the micro-pipette for single cell 
manipulation.
-Make prototype micro-pipette 
-Confirmation of moving and pumping

Permanent 
magnet 
mN order
1.1m

Nickel plates

Neodymium 
Magnet

SU-8 membrane 

Single cell manipulation had an enormous demand 
for cell investigation technology.
Usual method: Dual manipulator of glass needle and pipette

Cell

Nucleous
Pipette Glass needle

Mechanical manipulation
Needs skill and time
Contamination and Evaporation
Disturbed by mechanical manipulator

S. Takahashi et. al.
100m 100m

K. Isobe et. al.

Bovine oocyte Mouse oocyte Oil

Medium

Micro-pipette assembled
neodymium  magnet(1mmx1mm)
and Ni plates(1mmx0.15mm)

40m

(a) During operation
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(b) After push
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FEM analysis of pump quantity

Water

Air

Permanent magnets

Micro-pipette

Glass

Distance: x[mm]

Pumping quantity: Qpump

100m0

Neodymium magnets
No.1:1[mm]×2[mm], 23.8[mT]
No.2:2[mm]×4[mm], 87.2[mT]
No.3:3[mm]×5[mm], 162.3[mT]

Air-water interface
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Experimental set up

1mm
(a) Neutral position

(d) Move to back
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Calculation of aspiration force at the 
tip of the nozzle

Our new method

On-chip enucleation

Cell rotation Cell assembling

Concept

Purpose

ܸ	: Flow velocity of the tip of the
micro-pipette

ܣ :Area of the tip of the nozzle
ܳ :Pumping quantity
ܲ :Pressure of the tip of the nozzle
ߩ :Density of the water
ܨ :Aspiration force

When ߩ is 995.76 kg/m3,  ܣ is 7.5 × 10-10 m2,(15m x 50 m),
ܳ is 30.7 ×10-9 l, and 	t is 0.1 sec,

F = 3.21 N.

௦ܨ ൌ ܽߟߨ6 ௦ܸ
௦ܨ :Force of the fluid resistance
fluid viscosity :ߟ

௦ܸ :Moving velocity of the cell
ܽ :Radius of the cell

The aspiration force is enough for cell manipulation?

Comparison of the aspiration force ܨ and fluid resistance ܨ௦ .

When ߟ is 0.01 Ns/m2,  ܽ is 100 m, and ௦ܸ is 1 mm/s,

௦ܨ = 1.89 nN. F ௦ܨ <

15m

1mm

Pumping test

Maximum quantity: 34.1 nl

Moving experiment

Maximum velocity: about 1.0 mm/s

Growth mediaPermanent magnets

Micro-pipette

Glass

Cell aspiration and manipulation are succeeded.

Cell manipulation
Bovine oocyte

100m

(a) Cell aspiration

(b) Swinging the tip of the micro-pipette

(c) Release of the cell

-We proposed novel micro-tool which had the function of aspiration, and established the fabrication process.
-We succeeded in the position control of the micro-pipette and the manipulation of the single cell.
-The problem of this micro-pipette was that the permanent magnets of the pumping were attracted by the magnet for the positioning. In the future, 
we will solve this problem, and then realize the simultaneous control between the pumping and the positioning.

0.0 sec

(c) Move to forward

1.3 sec

(b) Move to down

0.5 sec

1.9 sec
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Fabricated micro-pipette


