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The dielectric barrier atmospheric pressure glow discharge is most easily generated in a 
noble gas such as helium. For these noble gases it is recognized that there is generally some gas 
impurity present and that these impurities play crucial roles in the generation mechanism of the 
atmospheric plasmas [1,2,3,4].

Our  current  research  focuses  on  the  influence  of  different  levels  of  gas  impurity  on 
discharge  characteristics  such  as  ionization  degree,  ion  distributions,  breakdown voltage  and 
power consumption.  This kind of  study is  important,  because first  reactor  designs  are rarely 
completely the same, second because not always the same quality grade gas is being used and 
finally  because  in  simulations  the  impurity  levels  are  sometimes  used  to  fit  the  simulated 
breakdown voltages to the experimental values [2]. For matters of simplicity and to be able to 
make  comparison  with results  published  in  literature,  we  focus  on nitrogen impurities  in  an 
atmospheric pressure helium plasma. 

The  used  model  is  a  two-dimensional  fluid  model,  included  in  the  Plasimo modeling 
framework [5] and is based on the continuity equations for mass, momentum and electron energy 
coupled with solving the Poisson equation for the electric field. The modeled species are the 
background gases He and N2, the electrons, the ions He+, He2

+, N2
+ and N4

+, the metastable helium 
atoms Hem

* and the helium excimers He2
*. More information concerning the chemical reactions 

and the used transport coefficients can be found in [6]. 
Our results show that the ionic composition in the discharge is only determined by helium 

ions if the discharge gas contains less than 1 ppm of impurity. To clarify this we show in Fig. 1 the 
time and spatially averaged ion densities for impurity levels ranging from 0.5 up to 5000 ppm. 
The profiles shown in Fig.1 can be divided in 4 regions determined by the most abundant positive 
ion.  Region I, ranging from 0 (not shown here) to 1 ppm is the only and a very minor region 
where  He2

+ is  the  most  abundant  positive  ion.  The  positive  charge  in  region  II is  mainly 
determined by the N2

+ ions and in regions III and IV is the positive charge determined by the N4
+ 

ions, with the difference that in region III N2
+ still has a considerable contribution, but has become 

negligible in region IV. More information on the chemical balances that determine these regions 
can be found in [6]. 

Different  levels  of  impurity  in  the  discharge  do not  only  have  an  influence  on  the 
composition of the discharge gas, but also on the electrical characteristics. In Fig. 2 we present the 
amount  of  current  pulses  with  increasing  nitrogen  content  in  helium  which  occur  in  our 
simulations each half cycle of applied voltage. These results are in good agreement with the 
experimental results of Radu et al. [7]. This number of current peaks per half cycle appears to be 
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related to the  power  consumption in  the  discharge,  because the  average power  consumption, 
shown in Fig. 3, reaches a minimum just before the value of 4000 ppm of nitrogen content, which 
coincides with the transfer from 2 to 3 current pulses shown in Fig. 2. The charge transfer in the 
discharge, found from the integration of the current peak over one half period, shows the same 
behavior, but is not shown here. The reason for this minimum is currently under investigation.
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Fig. 1: Calculated time and spatially averaged densities of the important charged 
particles in an atmospheric pressure helium DBD with nitrogen impurity levels 
ranging from 0.5 ppm to 0.5% . Region I denotes the He2

+ governed part, region 
II the N2

+ governed part, region III the N4
+ governed part with significant N2

+ 

contribution and region IV is completely governed by N4
+ ions.

Fig. 2: The amount of current pulses per half cycle of 
applied voltage.

Fig. 3: Average power consumption during one period of 
applied voltage.


