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Continuous Separation of Cells Using Dielectrophoretic Device with Porous Insulation 
Membrane 

Masaru HAKODA*1, Motoko TOSHINAI* and Yoshikazu WAKIZAKA** 
(Received August 1, 2005; Accepted April 25, 2006) 

Dielectrophoresis (DEP) is a motion of dielectric particles caused by polarization effects in a non-uniform 
electric field. We apply the DEP to separate the viable and non-viable cells by considering the difference of 
permittivity between viable and non-viable cells. The development of the separator of the viable and the non-viable 
cell using DEP device which arranged a porous insulation membrane between the parallel plate electrodes was 
examined. Therefore, DEP velocities of cells were measured under the various conditions of the pore-diameter and 
the thickness of the membrane. Furthermore, DEP velocities of cells were analyzed by the simulation and it 
compared with the experimental value. Moreover, the separation of the viable and the non-viable cells was carried 
out using the continuous DEP separator. And the retention ratio of the viable cell was examined under the various 
conditions of flow rate, applied voltage, and electric field frequency. The retention ratio of the viable cell was greater 
than 90 % under the condition of 1 kHz, 70 Vpp, flow rate 0.3 mL/min. It is found that the porous insulation 
membrane type DEP separator was effective for the separation of the viable and the non-viable cell. 
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Fig.1 Dielectrophoretic mobility of bio-particles 

under non-uniform electric field. 
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Fig.2 Non-uniform electric field by parallel plate 
electrodes and pore membrane. 
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Fig.4 Device of dielectrophoresis with insulation
membrane. 
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Fig.3 Schematic diagram of experimental apparatus of 

dielectrophoresis. 
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Fig.7 Correlation between dielectrophoretic velocity and 

distance from membrane (Pore diameter: 200 m, 

Thickness: 3mm, Frequency: 1MHz)). 

Fig.6 DEP device with porous insulation membrane. 
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Fig.5 Schematic diagram of continuous 

dielectrophoretic separation apparatus. 
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Fig.8 Effect of pore diameter on DEP velocity.

Fig.9 Distribution of E2 between electrodes. 
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Fig.11 Effect of pore diameter on E2.

(Thickness: 200 m) 

Fig.10  Effect of pore diameter on E2

between electrodes.
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Fig.12 Effect of membrane thickness on E2.

(Pore diameter: 200 m) 
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Fig.13 Effect of applied voltage on cell retention ratio. 
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Fig.14 Effect of frequency on cell retention ratio. 
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Fig.15 Effect of permeation flow on cell retention ratio. 

0

20

40

60

80

100

0.1 1 10 100

Frequency[kHz]

R
et

et
io

n 
ra

tio
 [

]

Fig.16 Effect of frequency on retention ratio. 
     (Permeate flow rate: 0.5mL/min, Feed flow rate: 

0.7mL/min)   
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