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A Continuous Cell Separation Chip
Using Hydrodynamic Dielectrophoresis Process
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Abstract

We present a high-throughput continuous cell separation chip using hydrodynamic dielectrophoresis
(DEP) process.The continuous cell separation chip uses three planar electrodes in a separation channel,
where the positive DEP cells are moved away from the central streamline while the negative DEP cells
remain in the central streamline. In the experimental study, we use the mixture of viable (live) and
nonviable (dead) yeast cells in order to obtain the continuous cell separation conditions.For the
conditions of the electric fields frequency of 5MHz and the medium conductivity of SpS/cm, the
fabricated chip performs a contimious separation of the yeast cell mixture at the varying flow-rate in
the range of 0.1~1puf/min.; thereby, resulting in the purity ranges of 95.9~97.3% and 64.5~74.3%
respectively for the viable and nonviable yeast cells. present chip demonstrates the constant cell
separation performance for varying mixture flow-rates.
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Fig. 2 Direction of cell movement depending on DEP
affinity: (a) cells in positive DEP affinity; (b)
cells in negative DEP affinity
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Fig. 3 Numerical simulation of the electric field over
the three electrodes at the cross-section, A-A',
of Fig. 1
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Fig. 4 Fabrication process of the cell separation chip,
showing the cross-section, A-A', of Fig. 1
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Fig. 5 Fabricated continuous cell separation chip: (a)
overall view; (b) enlarged view and electrode
dimensions
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Fig. 6 Continuous cell separation test: (a) Experimental
apparatus; (b) Switched AC signal
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Fg. 7 Sepgrgtion of viable and nonviable yeast cells by
varying the electric field frequency at the
sinusoidal potential of 8V, across the electrode
array of 50im gaps immersed in the medium
conductivity of 5uS/cm, where the brighter stripes
are gold electrodes and the darker are glass
substrate: (a) viable yeast cells at 10kHz; (b) viable
yeast cells at SMHz; (c) nonviable yeast cells at
10kHz; (d) nonviable yeast cells at SMHz
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Fig. 8 Separation of viable and nonviable yeast cells by
differential DEP affinity at the sinusoidal electric
fields of SMHz, 8V, across the electrode array
of 50um gaps immersed in the medium
conductivity of 5uS/cm
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Fig. 9 Continuous separation of viable and nonviable
yeast cells at the sinusoidal electric fields of
5MHz, 8V, across the 20um electrodes gaps at
the medium conductivity of 5uS/cm and the
mixture flow rate of 0.1 y¢/min
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Fig. 10 Microscopic images of yeast cells: (a) yeast
cells mixture; (b) separated viable yeast cells;
(c) separated nonviable yeast cells
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Table 1 Dielectrophoretic affinity* of viable and

nonviable yeast cells, depending on the
medium conductivity and the electric field
frequency for the sinusoidal voltage of 8V,
across the electrodes with 20m gaps

Medium Frequency of electric field, /' {Hz]
con-
ductivity | [T s [10 [ 50 J100]500] 1 ] 5 |10
ofS/cm) kHz { kHz [ kHz | kHz | kHz | kHz [MHz{MHz|MHz
Viablel by b e |+ |
yeast
5 Non-
vigble] + | + |+ |+ |+ [ +][]O} -] -
yeast
Viable
» yeast--0++++++
30 Non-
viable] + | + |+ 1+ ]+ +10]j -1 -
yeast
Viable
yeast"'0+++++
78 Non-
vigble{ + ([ + [+ [+ {+]|+[0O1{ - |-
yeast

* [ positive (theoretical);
O negative (theoretical);
+ positive (experimental);
- negative (experimental);
O uncertain (experimental).

Table 2 Experimental conditions for cell separation

Composition Vial.)le yeast : 62%
Cell Nonviable yeast : 38%
mixture | Concentration 8x10"cells/md
Flow rate 0.1, 0.5, 1x8/min.
Medium conductivity 5uS/cm
Electric field frequency SMHz
Electric voltage 8V, (Sinusoid)
Electrode gap 201m

Table 3 Experimental results of the cell separation

¥

Flow rate of Purity* of the separated cells

. Outlet1: Outlet 2:

the cell mixture . )
(throughput) Viable yeast | Nonviable yeast

(pDEP) (nDEP)

0.148/min o o
1.3%10%cells/s 97.3+1.2% 72.7+3.4%

0.5 48/min o o
6.5%10%cells/s 97.0+1.6% 74.3+5.9%

1p8/min o
1.3%10%cells/s 95.9+1.3% 64.5+3.3%

*Purity is defined by the number of target cells over the
number of total cells in each outlet.
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