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Microwave Induced Plasmas (MIPs) are of interest for industrial and academic purposes. In 

industry they are among others used for Plasma Chemical Vapor Deposition (PCVD) inside a 

quartz tube that after compression (collapse) is used for optical fibre fabrication. In that 

application the plasma is created in a (co-moving) resonator surrounded by a furnace that also 

functions as a faraday cage. It is therefore not easy to access the plasma experimentally which 

implies that the validation of MIP-models for PCVD is difficult. In order to facilitate the 

validation of models for the MIPs created by the platform PLASIMO we constructed an 

experimental configuration known as the Surfatron setup. The main property of this setup is that 

the field applicator generates surface-waves that propagate through the plasma which is at the 

same time sustained by the wave. 

In both MIP-configurations we can distinguish three important modeling aspects: the 

interaction between electromagnetic waves and plasma, the transport of species inside the plasma 

and the creation and destruction of chemical species. Due to the several non-linear equations 

involved, it is necessary to use numerical approaches. For this reason the Plasimo toolkit is used to 

model the MIPs as it offers a high flexibility to deal with different chemical compositions, 

transport phenomena and power coupling equations. PLASIMO has already been used to describe 

various types of plasma configurations (see for example [1]-[3]).  

Two different MIP models have been constructed using the PLASIMO platform. For the 

surfatron the model is a combination of a 1-D (one dimensional) treatment of the EM wave 

propagation together with a 2-D calculation of the transport of species. The extension to the 

PCVD setup requires both the EM-wave propagation and the transport to be 2-D.    

The main steps for the surfatron model are:  

1) Based on a guessed initial dielectric configuration, the EM module gives the power 

dissipation distribution along the z-axis that is divided into several z-slabs.  

2) This power distribution is used to solve the 2-D plasma equations for the 2-D (r, z) cells.  

3) This gives among others the 2-D resolved electron density that, after averaging, gives a new 

z-distribution of dielectric “constant” of the plasma.  

4) The EM module is solved again on the configuration of z-slabs using the plasma dielectric 

constant from previous step. 

5) Iteration takes place till convergence is reached. 

For the resonator configuration a 2-D electromagnetic (EM) module has been developed [5], [6], 

which enable the computation of the power dissipation distribution in both axial and radial 

direction. This is a combination of the Yee algorithm (finite difference frequency domain (FDFD) 

algorithm with Yee grid) for the EM structure and the Navier Stokes equation for the transport 

equations. The key steps are:  

1) Create the matrix form for the discretized frequency domain Maxwell’s equations in a Yee 

grid scheme [4]. 
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2) Apply the boundary conditions at the Perfect electric conductors (PEC) walls, at the End of 

the computational domain: PEC walls or Absorbing Boundary Conditions (ABC), and at 

the dielectric material interfaces. 

3) Apply the Excitation Plane. 

In order to minimize the power which leaves the resonator in the industrial setup, two 

special boundary conditions were apply  at the resonator walls at both side from the slit where the 

power comes into the domain. This boundary condition behaves as short cut for the surfacewave 

propagation. Various improvements will be discussed, especially how more complex geometries 

are dealt with. This is needed for simulating the Surfatron configuration with a 2-D EM 

configuration. 

Results for a PCVD resonator oxygen plasma with power input of 400W and radius tube of 

8 mm, are shown in [6].  
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c) Electron density 

 
d) Atomic Oxygen density 

Fig. 1 Results for a PCVD resonator with glass tube diameter of 8mm and 400W of input power. 

 

In Fig 1 a), for high radius distance, we can appreciate the characteristic axial exponential decay 

for the power dissipation of a surface wave sustaining a plasma. However at low radius distance, 

we see certain standing wave patterns produced due to the short circuit boundary conditions. 

These standing wave patterns can also be noticed in Fig 1 b), the electron temperature, and Fig 1 

c), electron density distribution, but is not so obvious in Fig 1 d) the atomic oxygen density 

distribution. As there is not available experimental data for the PCVD resonator, we cannot 

validate these results. Extension to the Surfatron setup is needed in order to obtain this validation. 
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