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Non-thermal, high-pressure gas discharges can be generated and maint

of micron sized) geometries, as shown by the pioneering work of Schoenbach
in the context of microhollow cathode discharges (MHCD). A MHCD is a s
nonthermal discharge, operating in a very large domain of gas pressures. I
eficient electron source to sustain a larger volume discharge, called mic
discharge (MCSD) [2]. The MCSD is created in the volume between a 
positivly biased electrode, placed at distance of about 1 cm from the MHCD
results [3] show that the plasma sustained in MCSD is characterised by high 
on-axis reduced electric field (E/N ≈ 3 Td in argon discharge, N is the neutral 
gas heating when the discharge is generated in rare gas. 

The results reported here are obtained from a 2D-model of the M
simultaneous solving of fluid equations for the electrons and ions coupled wit
and electron energy balance equation in reply to the demand of better under
radial expansion in MCSD, discussed in [5]. They are for the spatial distribu
and different species in the plasma – electrons, ions and excited atoms fo
operating conditions. The analysis is for the steady state of plasma parameters.

Figure 1 presents spatial distribution of (a) the potential (10 equally s
(b) the electron density (three contours, equally spaced on a log scale, are sho
MCSD sustained in argon at p = 60 Torr. The lower horizontal axis in each
cylindrical symmetry. The distance between the electrodes A1 and A2, is 
hole diameter is d = 200 µm (shown to scale in upper left panel). The current
volume is Ic = 1.0 mA. The applied voltage is VA2-A1 = 40 V. This correspon
voltage" [3, 4], for which the current collected by anode A1 is zero, all the e
collectred by anode A2 (IA2 = Ic = 1.0 mA; IA1 = 0 mA). A region of high ele
the electrode A1, in the proximity of the hole. This is the beginning of sheath 
anode A1. The electron density is highest (ne peak = 4.1×1012 cm-3 for these con
plane of the MHCD and on-axis. A plateau region is established on-axis for 
quantities are approximately constant; the reduced electric field is low, E/N
electron density is greater than 2×1010 cm-3 in a 5 mm diameter channel center
E/N first decreases and then increases somewhat to reach the value fixed
potential. The contour of lowest reduced electric field coincides with the limit 
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The main mechanism of creation of electrons, in the zone of radial expansion of the MCSD, 
is the step-wise ionization, and the losses of electrons are via diffusion in radial direction and 
dissociative recombination.  
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Fig. 1 Spatial distribution of (a) the potential (10 equally spaced contours) and (b) the electron 
density (three contours, equally spaced on a log scale, are shown per decade) of a MCSD 
sustained in argon at p = 60 Torr. The horizontal axis is the axis of symetry. The distance 
between the electrodes A1 and A2, is dA2-A1 = 0.4 cm. The hole diameter is d = 200 µm. The 
current entering the MCSD volume is Ic = 1.0 mA. The applied voltage is VA2-A1 = 40 V. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 The same like in fig. 1, but for p = 300 Torr. The applied voltage is VA2-A1 = 200 V. 
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When the gas pressure is increased (fig. 2, p = 300 Torr), a higher voltage VA2-A1 = 200 V is 

needed to sustain the discharge in the MCSD volume. The electron density on-axis and in a 
channel with a diameter of about 2 mm exceeds 2×1011 cm-3. The reduced electric field on-axis is 
increased a bit (E/N = 3 Td) to compensate the increased loss of charged particles. The diffusion 
of electrons is strongly reduced at this pressure. The dissociative recombination becomes the 
mechanism that determines the zone of the plasma radial expansion in the MCSD volume. 

The gas temperature was calculated self-consistently, and we find that its influence is slight. 
The temperature decreases with distance from anode A1, and it is on the order of 320 K on-axis at 
the mid-plane for 60 Torr and about 440 K at 300 Torr. The reduced plasma channel diameter at 
300 Torr is not an effect of gas heating, but rather it is due to a reduction in the radial diffusion 
and hence reduced plasma expansion. 
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