
Abstract—Dielectric barrier discharge is modeled with 

discharge equations, which consist of hydrodynamic drift-

diffusion equations for space charge density variation and 

Poisson’s equation for electric field distribution. These equations 

are numerically analyzed using finite element scheme. Analysis 

object consists of two cylinder electrodes, which is covered with 

dielectric material. Space charges generated during discharge are 

accumulated on dielectric barrier, and it affects electric field 

distribution. In this paper, dielectric barrier discharge is analyzed 

taking into account the rotation of electrodes with surface charge. 

The surface potential of electrode coated with dielectric material 

is measured and it is compared with the one calculated from the 

discharge analysis. The analysis results show good agreement 

with the surface potential of experiment.  

Index Terms—Dielectric barrier discharge, space charge 

distribution, electromagnetic coupling, finite element scheme  

I. INTRODUCTION 

Discharges in the presence of dielectric barrier are called 

dielectric barrier discharges (DBDs), that have been being 

applied in many devices and processes such as laser printer, 

thin film deposition, plasma display panels, ozone production, 

sterilization and gas treatment, surface treatment, and 

aerodynamic boundary layer control [1]. In printers and 

copiers, DBD is used for charging roller system that consists 

of a charge roller and an organic photoconductor. To analyze 

the charging roller system, Paschen limit to calculate surface 

potential of organic photoconductor has been employed [2]. 

However, the Paschen limit does not well explain discharge 

process where ionization, recombination and attachment 

phenomenon occur.  

In this paper, the dielectric barrier discharge between two 

electrodes coated with dielectric material is analyzed using 

three discharge equations and one field equation. A Gaussian 

distribution of neutral plasma for charge injection condition is 

employed at dielectric barrier surface when electric field 

intensity reaches a breakdown condition. These injected 

charges experience electric force, and move towards a cathode 

or an anode, respectively. The space charges are generated 

because neutral molecules are ionized due to collision with 

electrons. The velocity of space charge is calculated using the 

electric field from Poisson’s equation, and this is coupled with 

the hydrodynamic equation for charge motion and density.  

In the analysis model, the charges accumulated on the 

dielectric barrier move along with the cylinder electrode at a 

given velocity. The surface charge distribution obtained at 

some instant is used as another initial condition for the 

discharge analysis at the next position of the moving electrode. 

The calculated surface potential of dielectric barrier is 

compared with the measured one to show that the proposed 

analysis method is feasible and useful for the discharge 

analysis with the motional effect. 

II. MODELING OF DIELECTRIC BARRIER DISCHARGE 

A. Hydrodynamic Drift-Diffusion Models 

The motion of electrons, and positive and negative ions can 

be calculated using hydrodynamic drift-diffusion equations 

derived from the continuity equation. Three mathematical 

expressions for reactions between the three changes of the 

electron (ρe), positive (ρp), and negative (ρn) ions with respect 

to time are provided as follows [3-4]: 
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where t, vi and Di denotes the time, the drift velocity and 

diffusion coefficient of space charge, respectively, and  α, η 

and β are the ionization, attachment and recombination 

coefficients, respectively. The attachment coefficient is of 

negative sign for the calculation of electron density (i = e); j = 

p and k = 0. The positive ion density (i = p) is obtained using η 

= 0, j = e and k = n. In the case of the negative ion density (i = 

n), the ionization and attachment coefficient are zero and of 

positive sign, respectively;  j = p and k = 0. 

The motion of charged species is affected by an electric 

field because its velocity is expressed as follows: 

npeiwhereii ,,          Ev            (2) 

where μi is the mobility of each space charge, and E is the 

electric field. Therefore, each hydrodynamic equation is 

coupled with Poisson’s equation.  

B. Electrostatic Model with Dielectric Barrier 

The continuity equations are solved along with Poisson’s 

equation, resulting in an expression for electric field 

distributions each time, as by the following expression: 

  nepV               (3) 

where ε, and V are the dielectric permittivity, and the electric 

scalar potential, respectively. In the presence of a dielectric 

barrier, space charges can accumulate on its surface, and this 

affects electric field distribution. Therefore, we consider the 

change of surface charge on a dielectric barrier for calculating 
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electric field distribution.  

The surface charge density can be calculated by integrating 

the current density of each charged species as follows: 

    
t

pnes dtt
0

nJJJ            (4) 

where σs is the surface charge density, and charge fluxes 

through the surface as expressed in (5).  

iii vJ                     (5) 

where i is e, n and p. The surface charge affects electric field 

distribution in a dielectric barrier discharge system. That is, 

Poisson’s equation for electric field is revised as follows: 

  snepV            (6) 

III. NUMERICAL ANALYSIS OF DISCHARGE BETWEEN 

CHARGING ROLLER AND PHOTOCONDUCTOR 

A. Analysis Model Description 

The outer and the inner diameter of upper electrode are 

16mm and 8mm, respectively. The outer diameter of lower 

electrode, which has a dielectric material with 25μm thickness, 

is 24mm. In this system, the discharge occurs within small 

region; about 1.5mm width and 200μm height. The whole 

model is shown in Fig. 1, left side, and the analysis model is in 

right side. The negative voltage, -1.2kV, is applied in the 

upper electrode, and the lower electrode is ground.  

 
Fig. 1. 2D analysis model of charging roller system 

 

B. Space Charge Propagation and Electric Field 

Neutral molecules can be ionized more than electric field 

intensity, 3x10
6
V·m

-1
. A Gaussian distribution of neutral 

plasma for charge injection condition is employed at upper 

electrode surface.  

        
(a) t = 0 

        
(b) t = 0.5x10-8 

        
(c) t = 1x10-8 

        
(d) t = 1.5x10-8 

Fig. 2. Electron distribution in space (left) and electric field distribution 

(right) as time 

 

While the electrons move towards the lower electrode, its 

density increases exponentially due to ionization of neutral 

molecules. Electric field distribution varies as charge 

accumulation on the lower electrode. 

C. Surface Charge Accumulation and Potential 

The surface charge distribution on the lower electrode as 

time is shown in Fig. 3. Even though the field intensity is 

strong near the contact between two electrodes, the electron 

density generated during discharge is smaller than the middle 

of the lower electrode because the mean free path of electron 

is related to ionization.  

 
Fig. 3. Surface charge density on the lower electrode 

The average of surface charge density is used for the 

boundary condition of next step analysis when the surface 

charge on the lower electrode is saturated. Figure 4 shows the 

surface charge density on the lower electrode at inlet and 

outlet region.  

In the full paper, the numerical analysis method for surface 

charge movement due to rotation will be discussed in detail. 

The analysis results will be compared with the existing results.  

 
Fig. 4. Surface potential on the lower electrode 

REFERENCES 

[1] G. E. Georghiou, A. P. Papadakis, R. Morrow, and A. C. Metacas, 

“Numerical modeling of atmospheric pressure gas discharges leading to 

plasma production”, J. Phys. D: Appl. Phys., 38, R303-R328, 2005. 

[2] Shinji Aoki, Masaki Sukesako, and Masami Kadonaga, “Numerical 

Simulation of Toner Transfer Considering Voltage Distribution on the 

Transfer Belt”, Journal of Imaging Science and Technology, 52(5): 

051001-051001-6, 2008. 

[3] R. Morrow, “Theory of negative corona in oxygen”, Phys. Rev. A, 

vol.32, no.3, pp.1799-1809, September 1985. 

[4] Gunther Steinle, Doerte Neundorf, Wolfgang Hiller, and Martin Pietralla, 

“Two-dimensional simulation of filaments in barrier discharges”, J. 

Phys. D: Appl. Phys., vol.32, pp.1350-1356, 1999. 




