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Stable, high-pressure, non-thermal plasmas can be easily generated in small (100's of 

micron sized) geometries. We focus here on one particular configuration, shown in fig. 1, in 
which a MicroHollow Cathode Discharge (MHCD) is used as a cathode for a larger volume 
discharge. The MHCD itself operates with a low voltage (~> 200 V for the rare gases in the 100 
torr pressure regime) applied between electrodes C and A1. A higher plasma volume is achieved 
using the 3-electrode configuration, as originally described by Stark and Schoenbach [1], which 
consists of a MHCD and an additional, positively-biased, planar electrode (A2) placed some 5 
to 10 mm away. The plasma produced in the volume between MHCD and anode A2 is termed 
Micro Cathode Sustained Discharge (MCSD). In this communication, we describe the general 
properties of the plasma in the MCS region as deduced from a modeling study. Two other 
companion communications at this conference [2, 3] describe the initiation of the plasma in the 
MCS zone and results from a series of parametric calculations using a more detailed model.  

Our models of the MCSD are based on the assumption that the MHCD is simply a 
current source for the MCS discharge and that the plasma in the MCS zone has essentially no 
influence on the electrical properties of the MHCD. This is consistent with experiments 
(provided the MHCD is not in a self-pulsing mode) and with previous modeling results. Thus, 
the MHCD is replaced by a boundary condition imposing a fixed current through the hole 
leading to the MHCD. 

 

 

 
Fig. 1. Schematic of the geometry, 
showing the MicroHollow Cathode 
discharge and the MicroCathode 
Sustained discharge regions. The 
plasma region is indicated 
approximately by the dotted lines. 
 

As a first approximation, we suppose that the plasma in the MCS region is a quasi-
neutral, unbounded positive column. This approximation was validated a posteriori by 
comparison with more detailed models and it is consistent with experimental estimates of the 
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electric field strength, which are themselves typical of positive column field strengths [4, 5]. 
The model of the MCSD is thus based on the continuity equations for the ions and neutral 
species, the quasi-neutrality condition and the current conservation equation using the drift-
diffusion approximation. Gas heating is also considered. The equations are solved on a two-
dimensional cylindrical grid. As for boundary conditions, we fix the potential on the anode A2 
and the current through the hole in the exit plane of the MHCD. The plasma species considered 
are atomic and molecular ions, Ar+ and Ar2

+, and neutral Ar in the ground state and in the 
metastable state Ar*, which are assumed to be coupled through a simple kinetic model.  

Fig. 2a shows the axial profiles of E/N and of the different plasma species on-axis as a 
function of distance from the exit plane of the MHCD. The conditions are 60 torr argon, 1 mA 
total current, hole diameter 200µm and distance 6 mm. We note two distinct regions: z ≤ 1.5 
mm, where all the species have high density gradients due to the expansion of the plasma 
leaving the MHCD; and z ¥ 1.5 mm, with a plateau region where they reach a constant value. 
The electron number density in the plateau is about 1017 m-3 and metastable atoms are also 
present in a high concentration. The reduced field strength, E/N, in the plateau region is about 
3 Td, a typical positive column value. Figure 2b is presented to provide a measure of the radial 
extent of the plasma as a function of gas pressure and total current.  

 

  

Fig. 2 (a) Number density axial profiles for the different species and E/N axial profile, at r = 0 (the 
cylindrical symmetry axe). (b) Spatial evolution of the full-width half-maximum FWHM of the radial 
profile of the electron number density, for different operating conditions as indicated. 
 

Plasma properties in the plateau region in the MCSD are fairly well described using this 
quasi-neutral model.  However, in order to resolve sheath structure surrounding the electrodes, a 
more detailed model including Poisson's equation is needed.  Such a model has also been 
developed to study the MCSD, as reported in other papers at this conference [2, 3].  
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