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Abstract: In MEMS, Electromagnetic field is a way to 
manipulate droplets, beads or cells without direct contact. In 
particular, dielectrophoresis is often used in BioMEMS 
applications, for cell handling operations such as moving, 
sorting, trapping or deforming cells. In this paper, a 3D 
focusing geometry for the electrical field is proposed, that 
permit the trapping of single cell, or cells pair, thanks to 
positive dielectrophoresis. The design is explained with 
highlighting the focusing effect versus insulator shape for 
trapping cells. A prototype based on classical MEMS process 
and results of first trapping are presented. 
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PRINCIPLE OF THE BIOCHIP 

Di-electrophoresis is the result of Coulomb forces 
applied on a dipole [1]. Here, the dipole is due to polarisation 
of a cell (or particle), put in a conductive media such as 
biological medium to which an AC electrical field is generated. 
The induced dipole has properties that depends on frequency, 
leading to the expression of the Dielectrophoresis Force (Fdep) 
[1] [2] :  

23 )]([2 EKRF mDEP ∇= ωπε   (1) 
Here mε  is the permittivity of the medium, R the 

radius of the cell and E the root mean square of the ac electric 
field applied on the cell.  )]([ ωK  is the real part of the Claussis 
Mossoti factor which evolution is given by :  
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mε  are the complex permittivity of the 
particule and medium and is defined by the relation: 

ω
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With σ  the conductivity and ω  the angular 
pulsation.  

It reflects the electrical properties of any materials 
which can be divided into two categories: conducting (case of 
low frequency) or isolating (case of high frequency). So, 
depending on the frequency, middle and particle properties, the 

Fdep can be attractive towards maxima of electric field (case of 
)]([ ωK >0) or repulsive towards minima (case of )]([ ωK >0) 

(1). It can be notice that )]([ ωK  is a value between 5.0− and 1 
(2).  

In case of biological media, classical value of σ  is 
between .001 to .1 Sm-1 with permittivity equal to 80εo with 
εo=8.82x10-12F.m-1 . In case of polystyrene beads, σ =0 and 
inside permittivity is estimated to be 4*εo. Due to large 
permittivity difference between medium and polystyrene bead, 
the )]([ ωK  is considered to be equal to -0.5. For a biological 
cell, the electrical properties associate the membrane and the 
cytoplast to obtain the equivalent complex permittivity of the 
cells. For example in the case of Jurkat cells, )]([ ωK  follows 
the evolution versus frequency presented in Fig.1 (case of a 
medium conductivity equal to 7x10-3S.m-1) [3] : 
 

 
Figure 1: Real part of Claussius Mossoti factor (2) evolution versus frequency 

in the case of Jurkat cells 
 

So by acting on the electric field frequency 
( πω 2/=f ), it is possible to handle cells versus non uniform 
electric field distribution (1). In the case of Fig. 1, for a 
frequency between 1 MHz to 100 MHz, positive Fdep can be 
obtained which moves cells at maxima of electric field. In the 
case of Negative Fdep, cells are moving towards minima of 
electric field.   

DESIGN OF THE CHIP FOR CELL TRAPPING 

In order to obtain a non uniform electric field and 
generate the DEP, main devices use specific shape of electrode 
creating the field [4][5]. A promising alternative is proposed in 
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this paper and is based on classical BioMEMS process using 
planar electrode deposition by sputtering and photolithography 
SU8 microchannel for the microfluidic part (Fig. 2). An electric 
field path is created by two planar and rectangular electrodes, 
separated by a microfluidic channel. First, the electric field is 
dispersed in the Z axis (direction perpendicular to the surface 
of the chip), prior to be concentrated in the Y axis (axis 
perpendicular to the fluidic flow corresponding to the X axis) 
thanks to insulating walls [6]. A first design based on this 
principle is presented on Fig.2. 
 

 
Figure 2: Concept of the Biochip for trapping cells with  Fdep  

 
The main microfluidic channel (X direction) is 

divided into two paths separated by an insulator. An opening is 
created in the insulator in order to define an electric path across 
the channel (Y direction) (Fig.2). Electrodes being in contact 
with the medium, these apertures in the insulator act as an 
electrical field focusing tool according to the local electric law, 
where current lines 

→
J  follow the electric field

→
E  : 

→→
= EJ mσ   (4) 

With mσ  conductivity of the middle  
Between the two insulators, a maxima of electric field 

value is then obtained and may captures cell in case of positive 
DEP. 
 

III. SIMULATION OF THE PRINCIPLE 

 
In order to highlight the defocusing/focusing effect, 

simulations have been achieved by using Comsol© in AC/DC 
mode, in a quasistatic mode by considering the middle as a 
conductive medium. A first approach is to simulate the chip in 
2D (Fig.3). In this case, the electrodes are considered having a 
thickness equal to the channel. This device corresponds to the 
case of electrodes obtained by electrodeposition [7]. 

 
Figure 3 : Electric field distribution in 2D simulation 

 
Simulation presented in Fig. 3 corresponds to a device 

based on channel of 150µm with insulator of 100µm large 
separated by a gap of 50µm. The opening for the electric path 
is 200µm and the electrodes are located at 100µm from the 
main channel. The focusing effect is developed at the middle of 
the insulator gap, following the shape of insulator. 

A 3D model (Fig.4) had been extruded from the 2D 
device to take into account the flatness of our electrode to 
illustrate the defocusing effect.  

 

 
Figure 4: Electric field distribution in the case of a 3D simulation. Thickness (Z 

direction) of the device is equal to 50µm. 
 

Both simulations (Fig.3 and Fig.4) highlight the 
focusing effect due to insulator position across the current path. 
One can notice the more the two insulators are close, the more 
the focusing effect will be high. In fact, the focusing increasing 
is equal to the ratio between insulator gap and electrode 
opening.  
 

(Fig. 5) shows the electric field increasing toward Y 
direction across the channel up to the insulator versus X 
direction for several positions in Y direction. Y focusing of the 
electrical field, leading to high field concentration, is 
favourable to the cell trapping thanks to positive 
dielectrophoresis at the middle of the chip (Fig. 5). The 
thickness of insulator will permit to control the rate of 
increasing and location of FDEP. 
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Figure 5 : Electric field value in Y direction for several position across the 

channel from electrode to insulator.  
 

Thus, the geometry of the chip allows Z defocusing: 
The electric field is oriented towards Z direction above and 
near electrode (Fig. 6 case close electrode), then is turning in Y 
direction far from electrode to become constant versus Z 
direction in the channel (Fig. 6 case in the channel). If 
electrode are not to close from the channel, a behaviour similar 
to thick electrode are obtained in channel and around insulator 
given a DEP force equal to zero in Z direction. When 
approaching the insulator gap, the electric field value in 
increasing due to the focusing effect (Fig.6: case close 
insulator).  

 

 
Figure 6: Electric field value in Y direction versus Z direction (from glass 
substrate to channel thickness) for several position across the channel (Y 

position). 
 
So, good electric field homogeneity is obtained in the 

microfluidic path with a direction perpendicular to fluid path 
(Y direction). Starting from flatness electrode, behaviour 
similar to thick electrode is obtained and electric field 
reduction value is here compensated by the focusing effect 
close to insulator.  

IV INFLUENCE OF THE GEOMETRY ON FDEP 

The shape of insulator influences the focusing effect 
and the electric field spatial distribution. Simulations, 
presented in Fig. 7 highlight this phenomenon and permit to 

optimize the Fdep for the cell trapping.  
 

    
a: square insulator  b : rounded insulator 

Figure 7: Electric field distribution versus insulator shape 
 

As seen in Fig.7 the electric field is increased close to 
the insulator barrier. An electric field peak is obtained that can 
be positioned and controlled thanks to the geometry of the 
insulator. In the case of a rectangular shape, the peak is located 
at the corner (tip effect) (Fig.7 a). In the case of rounded edges, 
the peak moves to the middle of the opening, which is the 
desired position for the trapped particle (Fig. 7 b). A peak 
value is also obtained close to the electrode due to tip effect. It 
will also influence cells and may attract them if electrodes are 
close to the frontier with fluidic channel. 

From the electric field value, calculation of the Fdep 
(1) has been achieved using a numerical program (Fig. 8). A 
compromise is shown due to: 

1) the decreasing peak value of Fdep with the 
rounding of insulator (Fig. 8.b) compare to square insulator 
(Fig. 8.a). 

2) the position of field maxima dependence on the 
rounding and being more in the middle with rounding (Fig. 8.b) 
compare to square electrode (Fig. 8.a) where the Fdep is 
maximum at the corner and not the insulator middle. 

 

 
a: square insulator  b : rounded insulator 

Figure 8: Fdep calculation versus rounded insulator 
 

So, a too heavy rounding decreases the FDEP by reducing the rate of 
focusing effect but locates it at the middle of insulator.  

V FABRICATION OF THE BIOCHIP 

A first device has been fabricated (Fig.9 and Fig. 11) 
based on simulation presented above. In order to have a 
completely transparent biochip, the process is achieved on 
glass wafer as support. If transparency is not useful, silicon 
wafer can be also used. For avoiding complex alignment 
between electrode and microchannel (which is the case of using 
PDMS technology [9]), SU8 is used as photosensitive material 
for fabricating the microchannel. So, the process starts from a 
glass wafer where 15nm/150nm Cr/Au electrodes are deposited 
(by vacuum evaporation) (Fig.10.a) and patterned (wet etching 
KI solution and Cr etchant, after photolithography of a 
photosentitive resist layer) given the electrode shape (Fig.10.b).  
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Then a thick (depending on thickness wishes but 
between 25µm and 75µm in classical usage) SU8 layer is spin 
coated (Fig.10.c) and patterned with the shape of microfluidic 
part (Fig.10.d) (UV exposure through a mask, followed by 
developing and baking) for the micro fabrication of the 
microchannels (Fig.1) [8][9]. In order to package the device, a 
PDMS cap is reversibly bonded by Plasma O2 technique. The 
bonding is sufficient to obtain good fluidic isolation for several 
hours. Accesses are obtained by hole previously done in the 
PDMS.  
 

 
Figure 9: Photographic view of the chip: gold electrode are visible and the 

insulator geometries (case of 200 µm gap between electrodes). 
 

During the process, practical care must be done during 
SU8 spin coating. Poor adhesion of SU8 may be obtained if 
substrate is not well clean and dry. Dehydrating treatment on 
oven at 150°C during one hour associated to plasma O2 
treatment will drastically enhance SU8 adhesion on substrate; a 
adhesion layer such as HMDS can be also used. During baking 
of the SU8, slow ramp (5°C/mn) reduces also constraints in the 
layer. 

 
Figure 10: Generic process for achieving the biochip 

 
Several designs had been achieved by modifying 

shape, size and number of gap insulator in order to increase the 
number of cells trapped (Fig.11). 

 

 
Figure 11: Top view of the biochip in the case of 5 gap insulator of 50µm each 

 

VI TEST ON LIVING CELLS 
Tests with living cells (mouse cells DC3F) had been 

achieved for validating the catching principle. A conductive 
medium of 10mS.m-1 had been used.  

As shown in figure 12, applying an AC electric field 
between the two electrodes induces DEP forces and moves 
cells and positioned them at the highest electric field value 
(near electrode or in the insulator gap). Here, using a frequency 
of 3Mhz with a voltage amplitude of 10V applied between two 
electrodes separated by 200µm, a positive FDEP is obtained 
(fig.12.b), attracting cells towards electrode (depending on 
initial location of cells) or towards the focusing effect between 
two insulators (fig.12.c) as shown in modelling.  
 

     
a. Initial position  b. Applying Electric field  c cells trapped 

Figure 12 : Cell trapping by positive DEP forces 
 

By using parallel and thin insulator this principle can 
be extended to generate high density trapping cells for further 
biological applications. 

 
CONCLUSION 

 By mixing conductive media and insulator part in a 
microfluidic chip, we have shown that cells can be trapping 
using Dielectrophoresis forces. The process used for 
fabricating the Biochip is based on planar electrode associated 
to microchannel obtained by photolithography of SU8. By this 
way; a precise alignment between electrode and channel is 
obtained which is not possible simply with PDMS technique..  

Due to focusing/defocusing effect, behaviour of the 
electric field is equivalent to thick electrode with amplification 
near insulator gap, where cells are trapped. 3D Modelling with 
a numerical software (Comsol ©) gives a good approach of the 
insulator shape influence on dielectrophoresis forces evolution 
and maxima/minima position.  

Tests had been achieved for the design and trapping 
cells realised validating the study. The biochip is now ready for 
developing applications towards cells manipulating. 

Glass wafer 

Cr/Au layer 

a. Cr/Au deposit on 
glass wafer 

b. Electrode etching 

c. SU8 spin coating 

d. Microfluidic etching  

e. Packaging with 
PDMS cap 

SU8 layer  

PDMS cap 
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