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A Continuous Electrical Cell Lysis Chip
using a DC Bias Voltage for Cell Disruption and Electroosmotic Flow
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Abstract

We present a continuous electrical cell lysis chip, using a DC bias voltage to generate the focused high
electric field for cell lysis as well as the electroosmotic flow for cell transport. The previous cell lysis chips
apply an AC voltage between micro-gap electrodes for cell lysis and use pumps or valves for cell transport.
The present DC chip generates high electrical field by reducing the width of the channel between a DC
electrode pair, while the previous AC chips reducing the gap between an AC electrode pair. The present chip
performs continuous cell pumping without using additional flow source, while the previous chips need
additional pumps or valves for the discontinuous cell loading and unloading in the lysis chambers. The
experimental study features an orifice whose width and length is 20 times narrower and 175 times shorter than
the width and length of a microchannel. With an operational voltage of 50 V, the present chip generates high
electric field strength of 1.2 kV/cm at the orifice to disrupt cells with 100% lysis rate of Red Blood Cells and
low electric field strength of 60 V/cm at the microchannel to generate an electroosmotic flow of 30 um/s + 9
um/s. In conclusion, the present chip is capable of continuous self-pumping cell lysis at a low voltage; thus, it
is suitable for a sample pretreatment component of a micro total analysis system or lab-on-a-chip.
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Fig. 1 Structure of the electrical cell lysis device: (a)Top across the cell in the electric field": the critical

view; (b)Enlarged view of the orifice potential(V.=1V) is required for cell lysis
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Table 1 Simulation results of electric fields

Operation Microchannel Orifice
Voltage (200um-wide, 10um-high)|(10um-wide, 10um-high)
30V 0.036 kV/cm 0.72 kV/cm
50V 0.060 kV/cm 1.20 kV/cm
80V 0.096 kV/cm 1.92 kV/ecm
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Fig. 3 Numerical simulation of the electric field at the
orifice (Fig. 1(b)) for the bias voltage of 50V in
Fig. 1(a)

(a) PR coating and patterning (b) PDMS curing & peeling off

| Puncher
Punched hale
oY

f / 2 -

? | Poms H

| Gheswater |

(c) PDMS Punching & O, Plasma Bonding

e D -r *
Glass Wafer |
(d) Electrical Interconnection

Fig. 4 Fabrication process showing the cross section
along A-A’ in Fig. 1(a)

Fig. 5 Fabricated cell lysis device
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Fig. 7 Movies showing the RBC(Red Blood Cell) lysis at the orifice for three different bias voltages: (a)no
RBC(Red Blood Cell) lysis at V= 0V(syringe pumping); (b)incomplete RBC(Red Blood Cell) lysis at
Viias= 30V(Electroosmotic flow); (c)complete RBC(Red Blood Cell) lysis at V= S0V(Electroosmotic
flow)
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Fig. 8 Enlarged view of the RBC(Red Blood Cell) lysis
at the orifice entrance for the bias voltage of 50V
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Fig. 9 Measured lysis rate depending on the bias voltage
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Table 2 Performance of cell lysis and electroosmotic flow

Operation Cell [Number of RBCs(lﬁed Blood Cells)
Voltage | Velocity [cells] Outler of
[V] [um/s] | TInlet of orifice Outleto
microchannel
oV 40+3 100 100
30V 20+7 100 90+5
50V 30+9 100 0
30V 60+20 100 0
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