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Abstract 

The dielectrophoresis is suitable for biomedical application especially in cell manipulation and detection. The three-
dimensional grid array device is composed of two glass plates on which parallel gold thin film electrodes are 
fabricated, then assembling the two glass plates by electrode side face to each other. The distance between the two 
plates was determined by the thickness of PDMS layer, which also as a fluidic channel layer. We have proposed a 
semi-analytical method that complete electric and temperature field simulation of the grid structure based on 
asymptotic analysis, in which a dielectrophoresis potential cage was constructed for cell manipulation. It has been 
demonstrated with polystyrene microspheres and A549 lung cancer cells that they can be trapped into the cage. The 
method improves the simulation accuracy and reduces computational complexity. The impedance of microspheres 
and cells also tested that device gives a cell manipulation and label free cell detection integrated technology. 
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1. Introduction 

Cells manipulation and detection plays an important role in biological and medical science application. 
The traditional manipulation methods including electrophoresis, dielectrophoresis and other techniques 
have been developed completely, especially the detection technology rely on the fluorescence label that 
cannot be integrated on the chip. Dielectrophoresis, which has advantages of rapidity, convenience, label 
free and low volumes of sample, can often separate particles difficult to distinguish by traditional physical 
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or biochemical methods. In order to make progress in chip precision, sensitivity, high throughput and easy 
operation, the microelectrode array has been widely used in the design of dielectrophoresis biochips [1].  

But with the microfluidic dielectrophoresis chip by using the integrated circuit technology, there are 
still two main shortcomings difficult to overcome: restrictions on the density of trap array and high 
production costs. Taking into account these problems, scholars have developed a high-throughput and 
high-resolution optical-fluidic devices [2]. This new technology has promoted the development of 
electrophoresis and has a wider range of applications, but the presence of optical components increase the 
complexity of the system, and is not compatible with the micro total analysis system, which is not 
conducive to the portability and integration of system. Therefore, the pure electrical means with rapid 
response, easy integration, easy operation and low production costs still account for a large advantage. In 
addition, impedance spectroscopy detection methods have been widely used in cell areas of detection, 
sample identification. These existing outcomes have laid the theoretical foundation for the combinations 
of electrophoresis and impedance measurement techniques [3].  

In addition, the electrodes used in the above literature are more planar structure. When the detection 
principle is electrical impedance spectroscopy, and the electric field distribution between the electrodes 
are scattering, the biometric signal are weak. To get a better impedance signal, the three-dimensional on 
the structure is more reasonable. And grid array structure is also conducive to addressing manipulation 
and measurement. So we have demonstrated a three-dimensional (3D) grid array dielectrophoretic chip for 
separating and detecting cells in this paper. It is a sandwich structure composed of many trapping holes in 
SU-8 middle layer and relatively easy to capture the cell and detect with impedance. 

2. Chip Structure 

The 3D grid array structure and the fabrication are different with the previous or other’s works. The 
new grid array microelectrode chip has considered the compatibility of separate components and micro 
total analysis system, has designed the row and column structure parallel to the particle, high-throughput, 
addressable manipulation and has integrated the separation unit and detection unit using dielectrophoresis 
impedance method. 

 

                  
(a)                                                                                             (b) 

Fig. 1. (a) The system diagram of the 3D grid array dielectrophoresis chip; (b) The structure diagram of the 3D grid array 
dielectrophoresis chip. 

The chip system and structure are shown in Fig.1. The intensity of electric field at the intersection of 
the upper and lower electrodes is the strongest, and field strength of each lattice center is the weakest. The 
particles will gather in the electrode, when do positive DEP movement, while will be gathered in the 
middle of the grid being at negative DEP movement. Three-dimensional grid structure is developed by our 
team, taking the simple up and down the orthorhombic structure, which not only can make the production 
process easier, and the sensitivity of the impedance signal has also increased. The design of the row and 
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column structure is parallel to the particle, high-throughput, addressable manipulation. Considering that 
there have a large number of particle manipulations in experimental observation, the chip is modeled in 
the form of the cell counting board using a 4*4 coarse electrode grid area, which can be divided into 
several sub-regionals. So we can be selected only a small domain addressing operation when scanning 
probe particles. 

3. Simulation and Parameter Selection 

We promote a semi-analytical method based on asymptotic expansions for improving the accuracy and 
experiment resolution in this paper, and this method can correct the over-simplification of the classical 
theory on the boundary conditions based on asymptotic analysis of the semi-analytical method to improve 
the simulation accuracy and reduce computational complexity. In [4] gives the linear parallel array 
voltage in expression of  (x, z), assume channel height H, the total field of grid array chip can be 
expressed as: 

2 2 2 2
1 0 2 0 1 0 2 0 1 0 2 0( ( , ) ( , )) ( ( , ) ( , )) ( ( , ) ( , ))x y zE V x z V x H z V x z V x H z V x z V x H z    (1) 

According to (1), the field strength equation lines in the plane z = H / 2 of three-dimensional grid 
electrode is shown in Fig. 2 (a), and the red dashed line represents field strength at the center of the 
electrode. The three-dimensional diagram of the positive and negative potential cage is shown in Fig.2 (b). 
To make arrangement of cells on the chip to achieve high throughput without congestion occurs, the 
electrode width is set to 50 microns. Considering that the diameter of the A549 cells and polystyrene 
microspheres are about 20 microns, and the potential cage size and density of the positive and negative 
electrophoresis is basically same, the chamber height is chosen as 25 microns. By Semi-Analytical 
simulation and appropriate parameter selection, the 2*2cm2 chip can contain 1.2*105 negative DEP 
potential cages and 4*104 positive DEP potential cages, which can meet the requirement of high 
throughput measurement.  
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Fig. 2. The simulation of the distribution map of dielectrophoresis potential cages in the 3D grid array biosensor.  
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4. Experimental Result 

And many experiments have shown that the chip can achieve the desired results, whether in a single 
particle sorting or in a multi-particle parallel manipulation, as shown in Fig. 3. The polystyrene 
microspheres in the chip are in negative dielectrophoresis movement. However, A549 cells in the chip are 
in positive dielectrophoresis movement. Moreover, the impedance experiments have shown that the 
concentration of particles size can be characterized out by the impedance test data through the extraction 
of characteristic parameters of equivalent circuit method as shown in Fig. 4. The designed 
dielectrophoresis chip can perform simple and feasible method of separation and detection only using 
electrical means, which integrated dielectrophoresis and impedance method. 

 

(a)                                                                (b)                                                                       (c) 
Fig. 3. The experimental results of dielectrophoresis traps in a single particle sorting, in a multi-particle parallel manipulation and in 
a single A549 cells trap. 
 

(a)                                                                                         (b)             
Fig. 4. Impedance spectroscopy of particulates. Electrodes for measurement are a pair of upper and lower electrodes. The 
particulates contained small latex, big latex, yeast and cell A549. 
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