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Microwave plasmas at atmospheric pressure can be easily implemented as sources of active 

species for surface treatment. In contrast to Dielectric Barrier Discharges (DBD), which operate at 
low gas temperature, microwave plasmas in the continuous mode make it possible to reach very 
high treatment temperatures. Several discharges are widely used like surface-wave excited 
plasmas [1], waveguide-based microwave torches [2] and resonant cavities [3]. Besides the design 
of these plasma sources, strong efforts, both theoretical and experimental, were made recently to 
understand the basis of the physical processes governing these discharges. However, in these high 
temperature sources, much has still to be done, especially because of the lack of data on these 
generally small-scale discharges. In the present work, filamentation in argon microwave plasmas 
excited by a microwave resonant cavity is investigated. 

We developed a special device enabling us to isolate a single filament. To do that, a rotating 
fan is introduced in the fused silica tube where the argon flow is confined. By this mean, the argon 
filament is centered on the axis of the tube and its position is almost constant. Video images 
indicate that it oscillates across the tube axis with a velocity of ~0.6 m/s. 

Filamentation, as defined by [4, 5], is investigated by means of fast video. Increasing the 
power makes it possible to see the multiplication of modes (see Fig. 1) in argon plasmas in CW 
regime as already studied in wave-guided plasmas. In this situation, filaments are well separated 
and patterned as streamers in DBD. 
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Fig. 1 Photographic sequence of continuous argon atmospheric pressure discharges for different 
input power. The incident power Pi is 300 W and the reflected power Pr is modified by turning 
up the one-stub matching device. The integration time is 10µs. 

 

However, when pulsing the plasma at fixed power, the growing of a secondary filament 
from a primary filament can be observed. It is somehow a prior stage to filamentation as 
previously shown. It appears that two different time scales are involved in the growth mechanism 
of the secondary filament. The first time scale is linked to the development of the filament during 
one pulse (see Fig. 2a). The second one is due to a “memory effect” likely created by the 
persistence of a warm channel left by the filament once it disappears (Fig. 2b) 
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The determination of the plasma temperature is rather complex. Several means were 
investigated to try to measure this data. OH rotational spectra give a mean temperature of 
~1400 K. Since this molecule can be excited by metastable states of argon, this temperature does 
not corresponds to the core of the plasma but likely to its edges, since the density of argon 
metastable increases in post-discharge. A gas energy balance is not simple to draw since it 
strongly depends on the diameter of the filament which is not easy to determine very accurately. 
Broadening sources of spectral lines are known to be van der Waals (pressure), Doppler and Stark. 
Diode laser absorption performed on a transition between the metastable lower level Ar(4s[3/2]2) 
and the upper level Ar(4p[3/2]1) at the central wavelength of 772.376 nm allows us to determine a 
Doppler broadening that leads to a gas temperature of ~ 1400 K, i.e. the previous value, since we 
use a metastable state for the lower level. 
 

         

 

         

Fig. 2 Photographic sequence of the breakdown of argon atmospheric pressure discharges for a pulse 
frequency of 2 kHz. The pulse has a rectangular shape and the operation duty cycle is 41%. 
During the pulse the incident power is 400 W and the resonant cavity is set up to resonate 
without plasma to ensure maximum electrical field, making the breakdown possible at each 
pulse. The integration time is 10 µs. (a): Set of photographs during one period. (b): set of 
photographs at the end of 9 pulses. 

 
 Finally, Maxwell’s equations are solved in a steady-state situation corresponding to two 
filaments as one can see it in Fig. 2b. This approach enables us to determine how the presence of 
the secondary filament affects the propagation of the microwaves. More specifically, we pay 
attention to the influence of a small variation in the electron density, and then, in the plasma 
permittivity, on the wave propagation in such a configuration. 
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