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Metastable levels in microwave plasmas at atmospheric pressure are chemically very 
active species. Due to their long half life part of the energy supplied to the discharge is stored in 
metastable states, which transmit it to other particles in the plasma gas interacting with them, 
thus helping to sustain the discharge [1]. The value of their populations, as well as the various 
predominant mechanisms which populate and de-populate them (excitation kinetics), are 
directly related to the variation in the rest of the discharge magnitudes (temperatures and 
densities) and, as a result, to the degree of thermodynamic equilibrium that exists in the plasma. 
All these magnitudes and the thermodynamic state of the discharge must be determined to use 
this type of plasmas in some industrial and technological applications, which are becoming 
more and more numerous due to such characteristics of this type of plasmas as the low 
consumption of power or their great flexibility thanks to the absence of electrodes and the fact 
that they do not require a vacuum system for their production.  

The experimental determination of metastable and resonant argon level densities 
throughout the plasma column, ever before done for this type of plasmas, is now carried out 
applying a traditional self-absorbing method described in previous papers [2-3]. The intensity of 
some spectral lines, for which the medium is not optically thin and which end on the levels 
whose population is going to be measured, have been analyzed. This self-absorption method 
possesses a series of characteristics such as the simplicity of its application (it does not require 
an external radiation source), the low cost of its implementation and its versatility. The lack of 
spatial resolution in this method is compensated for by applying it to columns that progressively 
increase their length with the power, and that are about 1 cm different from the one immediately 
preceding. The difference between the density of states found between one column and the one 
of less length immediately preceding it provides the density of the metastable elements in that 
zone near the surfaguide (exciter device), a volume that represents the difference in length of the 
two columns. Thus by progressively lengthening the discharge, it is possible to know the 
density of the new volume of plasma that appears in the zone near the point of excitement as the 
increase in power is applied. This procedure is based on the equivalence of different plasma 
columns observed from their end points [4].  

In Figure (1.a) the populations of the 3P2 metastable and 3P1 resonant argon levels are 
represented, in function of the z position throughout the plasma column, the values of the 
populations being within the range of values reported in the literature. These densities increase 
as the value of z goes up, that is, for positions near the point of excitement where the energy of 
the surface wave that creates the discharge is greatest, a tendency also found by other authors 
using a collisional-radiative model [5]. Figure (1.a) also indicates the correlations existing at 
high pressure between metastable and resonant atoms. This relation is maintained all along the 
plasma column, which indicates that their kinetic interaction remains too. 
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a)                                                                                     b) 

Fig. 1. a) 3P2 Metastable and 3P1 Resonant densities along the plasma column (0,25 slm). b) Boltzmann-
plot including the population of the ground state, levels 4s, 4p, 5p and higher, and the Saha point in  

z = 6cm. 
 
With the measurement of the 4s level densities it has been possible to represent a 

completed Boltzmann-plot (Figure.1.b). It indicates that the plasma is in partial local Saha 
equilibrium (pLSE) for this position and behaves in a recombinant way, in agreement with the 
results found in the literature [4]. The 4s and 4p levels and the ground state do not verify the 
equilibrium distribution, although they also fit a straight line, with a smaller slope than that of 
the equilibrium line. This would represent a higher excitation temperature that could correspond 
to the temperature of the most energetic electrons belonging to the tail end of the energy 
distribution function [5]. The kinetics of these levels next to the ground state is not completely 
controlled by the electrons, other processes like radiative excitation or desexcitation being 
important [6]. 
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