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In the past few years, a significant amount of theoretical and experimental works has been 

conducted on the behavior of surface wave sustained discharges (SWDs) generated at atmospheric 

pressure. This pressure condition simplifies the handling of SWDs, avoiding the use of 

complicated vacuum systems. Moreover, in some applications the atmospheric pressure condition 

offers additional advantages against the low pressure one such as higher deposition (etching) rates, 

or lower ion bombardment. Argon SWDs at atmospheric pressures can be sustained using small 

power levels (> 25 W) and in their generation no cooling device is needed to avoid the tube 

damage because of their relatively low gas temperatures (of about 1200 K). In contrast, one 

feature of the argon SWD at atmospheric pressure is the radial contraction that it shows reducing 

northerly the plasma volume [1]. This effect provokes discharge filamentation: the plasma column 

split in two or more filaments when it is created in tubes whose diameter is high enough (bigger 

than 2 mm at 2.45 GHz). For this reason, argon SWDs at atmospheric pressure are commonly 

generated in capillary tubes. This fact limits the possible uses of these plasmas in applications 

such as for example treatment of broad surfaces, thin film deposition or sterilization, in which 

large extension (afterglow) plasmas are required. This contraction phenomenon also affects the 

plasma torch open to the air that can be created at the end of a SWD column, by using a quartz 

tube short enough [2-4]. 

In the present work, an argon microwave plasma torch created at the end of a SWD column 

in helium environment has been studied. A surfaguide device [5] was used to couple the energy 

coming from a microwave (2.45 GHz) generator to the gas support (argon) within a tube of 1.5-4 

mm of inner and outer diameter, respectively. The length of the tube (z = 3.3 cm) was adjusted to 

achieve a plasma torch at its end. An external concentric tube (6-8 mm) was used to allow the 

helium gas to flow around the discharge tube and the final plasma torch. By changing argon and 

helium flow rates conditions, and the microwave power injected into the discharge, the shape and 

dimensions of the plasma torch could be modified. Under some experimental conditions the 

plasma torch refilled the outer external tube and so contraction reduces. In these cases, the torch 

showed both: i) a more luminous zone having radial dimensions of the inner tube and ii) a diffuse 

zone expanding toward the walls of the outer tube. This plasma torch was less contracted than the 

plasma torch created in open air. A factor that could have limited the contraction phenomenon 

effect in the expanded discharges studied is a change in the thermal conductivity of the main gas. 

The helium presence around the torch could provoke a plasma expansion because of the higher 

thermal conductivity for the helium, which reduce the no uniform gas heating along the discharge 

radius characteristic of the argon plasma columns. This fact has been explained by Castaños-

Martínez et al. [6]. 
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The characteristic parameters (electron density and temperature, gas temperature, density 

population of excited atomic levels of argon, hydrogen and xenon) of an expanded plasma 

(generated by applying 240 W of microwave power and using an argon flow rate of 0.560 l/min 

and helium flow rate of 1 l/min), were measured by using Emission Spectroscopic techniques. A 

spectroscopic study of this plasma was performed and its results were compared to the ones of 

the study of a similar argon torch generated in air ambience. Light emission from the plasma 

was analyzed by using a Jobin-Yvon Horiba 1000M spectrometer (Czerny-Turner type) with 1 

m of focal distance and a holographic diffraction grating of 2400 groves/mm. A Hamamatsu 

R928P photomultiplier with a spectral output interval of 200-750 mm and a CCD camera were 

used as detectors. 

These results have shown that in this expanded torch gas temperatures were similar to 

those of the previous SWD column (1200 K) with a tendency to grow downstream (1500 K). 

The values of electron temperatures measured ranged between 5500 and 4000 K (similar to 

those obtained in the open air torch). In the plasma torch, electron density values measured 

(7.0×1013 and 1.8×1014 cm-3) were lower than those of the previous column (2.9×1014 cm-3), 

showing a tendency to decrease toward the plasma end positions. This behavior can be explained 

by taking into account the fact that in this region the volume has increased. Moreover, in this zone, 

one part of the plasma energy could be employed in the ionization of the surrounding helium gas, 

which has a higher ionization potential. The population densities of both ArI and HI excited levels 

showed the same dependency on the experimental conditions as the electron density, which let us 

conclude that the excitation kinetic in this discharge was controlled by electron collisions. The 

population densities of some XeI states grew up sharply at the end positions of this plasma torch, 

likely due to the excitation transfer with 4s and 4p ArI states. 
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