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A stable, direct current, nonthermal discharge, operating in a very large

pressures (p > 50 Torr) can be maintained in a microhollow cathode 
configuration [1]. The high electron density, up to 1015 cm-3 [2], and operation
density, exceeding 100kW/cm3, in a variety of gases or gas mixtures and fo
electrodes, makes them attractive for many applications [3] and has stim
experimenal and theoretical study. A MHCD can also be used as an electron
larger volume discharge, called microcathode sustained discharge (MCSD),
(multiple anode) configuration is used [4]. It was shown recenty that the MCS
the generation of singlet oxygen O2(a1∆g) and the experimental work on 
different operating conditions is underway [5]. 

This work presents a numerical study of the transition from a MHCD
corresponds to an increasing fraction of the electron current being collected 
and hence plasma generation in the larger volume. The results reported here
voltage characteristic of the 3-electrode system and for the spatial distributions
different species in the plasma – electrons, ions and excited atoms. They are 
model based on a fluid description of electron and ion transport in argon i
approximation, coupled with Poisson’s equation [6] for the potential distribu
rate coefficient is supposed to depend on the average electron energy and 
equation is added to the system of equations. Gas temperature is included s
follow the approach used in [7] and suppose that the MCSD can be decoupl
region and modeled separately. Thus, the MCHD is taken into account by i
current entering the MCSD volume through a hole.  

Figure 1 presents the current-voltage characteristic for a MCSD ge
p = 60 Torr. The MCSD is generated between a MHCD (sandwich type, consi
dielectric - D and anode - A1 with a central hole drilled trough the sandwich) 
biased electrode A2 placed at distance dA2-A1 = 0.4 cm. The geometry is cylin
of Ic = 1.0 mA enters the MCS region through a hole of diameter d = 200 µm
the voltage difference between A1 and the second anode A2 - i.e., for V
operating conditions here - the electron current is mainly collected by anod
MHCD, and anode A2 collects only a very small part of the total electron curr
The fractional electron current collected by anode A2 increases with increasin
The voltage VA2-A1 for which all the electron current is collected by A2
IA1 = 0 mA) is called the "transition voltage", which is Vtrans = 40 V for the 
the figure. 
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Fig. 1 Current-voltage characteristic of MCSD generated in argon at p = 60 Torr. Distance between 
the electrodes A1 and A2: dA2-A1 = 4 mm. Hole diameter: d = 200 µm. Total discharge current 
(cathode current): Ic = 1.0 mA. 

 
Figure 2a shows the transition voltage Vtrans as a function of the gas pressure for three 

values of the cathode current, and in fig. 2b as a function of Ic for two distances between the 
elctrodes. Vtrans increases when the gas pressure is increased and decreases with increasing the 
cathode current (fig. 1(a)) for a fixed distance between the electrodes A1 and A2. Vtrans increases 
substantally when dA2-A1 is increased, for a fixed gas pressure. 
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Fig. 2 Transition voltage in argon (a) as a function of the gas pressure and (b) as a function of the 
cathode current for conditions as indicated in each panel. 

 
In conclusion, results from the numerical model are consistent with experimental 

observations: the parameters controlling the plasma initiation in the MCSD volume are cathode 
current Ic, voltage difference between A1 and A2, VA2-A1, and gas pressure p and distance dA2-A1. 
Quantitative agreement with experiments is excellent. Further results concerning species densities 
and potential profiles will be presented.  
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