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ABSTRACT  

Biochip is a technology platform that has become the medium of researchers in carrying out the analysis of 

biological cells such as sorting, trapping and screening of biological within a few seconds. To conduct analysis on 

biological cells, appropriate manipulation techniques are required. In this research, a Dielectrophoresis force (DEP) 

manipulation technique was used by applying non-uniform AC electric fields generated by the microeletrodes designed. 

For carrying out on one of the main objectives of this study, COMSOL Multiphysics 4.4 software was used in this study in 

which the ring planar microarray microelectrodes pattern was designed to investigate the distribution of the electric field 

resulting from the microelectrodes designed. Results show the highest electric field strength occurs at the end of the 

microelectrode tip at the same time the lowest electric field region can be seen at the microcavity centre. Cell trapping may 

also occur in the central part of the micro-cavities with negative dielectrophoresis (nDEP) in which cells will become 

interested in the low electric field. 
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INTRODUCTION  

This study aims to explore the development of 

biochip in which capable of analyzing biological cells by 

using the dielectrophoresis (DEP) force. Biochip is one 

technology that is now in the spotlight and many 

researchers use them to analyze the cells. Biochip 

technology allows researchers conducted various studies 

in the simultaneously, in addition to achieving higher 

throughput and speed. The use of biochip helped the 

researchers in conducting research on living cells to 

understand and study the complex properties of the cell, in 

addition to obtaining important analyses that may help in 

the treatment of human diseases for the present and the 

future [1]. 

Dielectrophoresis (DEP) is one technique to 

manipulate cells, where the study of the DEP force 

initiated in 1950 by Herbert Pohl [2]. Many manipulation 

techniques such as optical [3], magnetic and acoustic [4] 

have been used in cell analysis; however the DEP force 

manipulation technique offers a non-contact trapping 

method on a biochip platform and together with the 

advantages of strong controllability, easy operation, high 

efficiency and slight damage to target [5]. This makes the 

DEP manipulation techniques preferred in the present 

study. The DEP manipulation technique is gaining 

researchers in manipulating cells where it can be used for 

trapping, separate and sort different types of particles and 

has been used in research on platelets [6], yeast cells [7], 

and cancer cells [8].  

Force that generated by a non-uniform electric 

field that exerted to dielectric particle produces 

dielectrophoresis (DEP) phenomenal. Model of 

conventional dielectrophoresis was first established by 

Pohl on the basis of classical Maxwell electromagnetic 

field theory.  To acquire DEP force acting on a spherical 

particle, the following equation was used [9]. 
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Where r  is the radius of particle, m  is the 

absolute permittivity of media and   is the electric field 

gradient. )](Re[ K  is the real part of the Clausius-

Mossoti (CM) factor  with value range between -0.5 and 1. 

It mentions to positive dielectrophoresis (pDEP) 

when 0)](Re[ K , particles move toward high electric 

field region and negative dielectrophoresis (nDEP) 

when 0)](Re[ K , particles move to low electric field 

region. )]([ K is defined as: 
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where *
p  is the particle complex permittivity 

and *
m  is the medium complex permittivity, which related 

to applied AC electric field angular frequency   and 

conductivity :  
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where   is the permittivity and j  is the 

imaginary number which is 1j . 

Various microelectrode designs have been 

developed by researchers for trapping and handling of 

small particles using DEP forces which capable of 

manipulating the cells. Biochip microelectrode design 

plays an important role in generating required DEP force. 

The different electrode design will produce different DEP 

force strength and different electromagnetic field (EM) 

pattern. 

 

METHODOLOGY 

COMSOL Multiphysics 4.4 software was used in 

this study in which the planar microarray ring 



microelectrodes pattern was designed for carrying out a 

study on one of the main objectives of this study, which is 

to investigate the distribution of the electric field resulting 

from the microelectrodes designed. Figure-1 illustrates the 

structure and the main components of the biochip. Biochip 

structure is based on [10], wherein the patterned 

microelectrode and microcavity fabricated on different 

layers. Microcavity etched within the Biochip surface to 

trapping the cells at known positions on the substrate’s 

surface. For this design, microcavity was etched in the 

middle of the microelectrode. 

 

 

Figure-1. 3D illustration of the Biochip design. 

 

Various microelectrode geometries have evolved 

by researchers to handle different tasks in the cell analysis, 

where the general objectives of the study will determine 

the electrode geometry used. Figure-2 shows the 

preliminary microelectrode design. Microelectrode 

geometry design conducted in parallel with the design 

simulation by using AC/DC module of COMSOL 

Multiphysics 4.4 software.  

 

 

Figure-2. Preliminary microelectrode design. 

 

The patterned microelectrode with tip length, 

ml 40 , width, mw 40  and radius, mr 45 and 

micro-cavities with radius, mr 5  was given material 

properties of gold and SU8 with both permittivity, 1r . 

For the suspending medium, was given the material 

properties of deionized water (DI water) with permittivity, 

78r  and conductivity, mmS /7.1 . 

By using a physics-controlled mesh with extra 

fine element size, meshing stage was done for the entire 

geometry as shown in Figure-3. The simulation was 

conducted using a frequency of 1MHz and supplied 

voltage (AC potential ) 10Vpp. Microcavity simulations 

carried out by providing either 0V or -10V ( 180  phase 

different from microelectrode AC potential) and 

comparisons will be made. The results of it will be shown 

in the results and discussion section. 

 

 

Figure-3. Meshing stage in COMSOL Multiphysics 4.4. 

 

RESULT AND DISCUSSION 

The simulation was conducted on the model after 

incorporating all the parameters such as assigning material 

properties and setting boundary condition for plotted the 

distribution of electric field strength (V/m) as shown in 

Figure-4 and Figure-5.  

Figure-4(a) and Figure-4(b) also illustrates the 

differences in the distribution of electric field strength 

value in which microcavity supplied with -10V ( 180  

phase different from microelectrode AC potential) 

generate approximately mV /1025.5 6  at the region of 

high electric field while micro-cavities supplied with 0V 

(no phase different) generate approximately 

mV /1062.2 6  at the region of high electric field. This 

indicates that the distribution of the electric field strength 

is higher when microcavity was set to -10V with 180  

phase different from microelectrode potential, which is in 

concession with the findings in [10]. 
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Figure-4. Electric field strength distribution (V/m) over 

(a) -10V of microcavity and (b) 0V of micro-cavities. 

 

 
(a) 

 
 

 
(b) 

Figure-5. Trapping region over (a) -10V of microcavity 

and (b) 0V of micro-cavities. 

 

Figure-5 (a) and (b) illustrates the trapping region 

for the microelectrodes. The simulation results show a 

high electric field strength distribution high in the area 

between the edge of the micro-cavities and end of 

microelectrode tip. The highest electric field strength 

occurs at the end of the microelectrode tip at the same 

time the lowest electric field region can be seen at the 

microcavity centre. Therefore, the DEP force expected to 

be higher at the end of microelectrode tip instead at the 

middle of microcavity. Particles movement will rely upon 

Clausius Mossotti factor where the particle will repel from 

the region of high electric field and attracted in the region 

of low electric field (middle of microcavity) for negative 

dielectrophoresis (nDEP) trapping, and vice versa for 

positive dielectrophoresis (pDEP). 

 

CONCLUSION 

The electric field intensity distribution analysis 

was conducted using the simulation software COMSOL 

Multiphysics 4.4 on micro-electrodes are built. Based on 

the results obtained, the resulting electric field strength is 

high between the microelectrodes tip and edge of the 

micro-cavities. Cell trapping may also occur in the central 

part of the micro-cavities with negative dielectrophoresis 

(nDEP) in which cells will become interested in the low 

electric field. Also, when using positive dielectrophoresis 

(pDEP), cells would be interested at the edge of micro-

cavities where the high electric field region occurs. With 

simulation and analysis obtained, designed microelectrode 

able to trap the cells. 
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