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Surfatron coupling devices can be used to maintain columnar microwave argon plasmas within 

dielectric tubes sustained by an azimuthally symmetric TM00 [1,2]. Typically, a part of the plasma 

column forms in the tube region inside the surfatron. At 2.45 GHz and under atmospheric pressure 

conditions, these plasma columns experience radial contraction and do not entirely fill the tubes 

containing them [3]. At elevated feed-gas flow rates, this phenomenon results in the splitting of the 

plasma column into two or more smaller-diameter filaments, rendering it highly unstable. 

In this work, the changes experienced by these plasma columns when introducing small silicon 

pieces of different sizes and nature are studied as a mean to modify the propagation of the 

electromagnetic signal and the features of the plasma, aiming to avoid both, plasma formation inside 

the surfatron and the filamentation phenomenon. 

For this purpose, the plasma was generated inside 

a quartz tube (6-8 mm inner and outer diameters), 

using different microwave power levels (P = 100, 

140, 180 W), and argon flow rates (FAr = 200, 400 

sccm), while small rectangular silicon pieces of 

different lengths (4 mm × Length × 300 μm) were 

introduced to check their influence. Using the 3 cm 

long Si (intrinsic) piece, the original multi-

filamented plasma transformed into just one stable 

plasma column at the region outside the surfatron 

(Fig. 1a). Remarkably, higher argon flows lead to 

the formation of a rather unstable plasma in the 

region inside the surfatron, whose instability was 

enhanced at higher powers (Fig. 1b). When using 

shorter Si pieces (L = 1 and 2 cm), the plasma only 

formed outside the surfatron if the outer end of the 

Si piece was placed at the surfatron gap (Fig. 1c), 

otherwise the plasma also appears at the back part 

of the piece inside the surfatron. Under the studied 

experimental condition, it was not possible to 

generate plasmas of this type using dielectric SiO2 

pieces (L = 1, 2, 3 cm long) (Fig. 1d). No 

differences were observed when using doped and 

intrinsic silicon pieces of the same geometry and 

size. 

 

Fig. 1: (a) L = 3 cm, P = 140 W, FAr = 400 sccm; (b) 

L = 3 cm, P = 180 W, F = 600 sccm, (c) L = 2 cm, P 

= 100 W, F = 200 sccm   
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Optical Emission Spectroscopy techniques were used to diagnose the plasma and understand the 

changes experimented when introducing the Si pieces. A Czerny-Turner type spectrometer of 1 m focal 

length (with a 1200 grooves/mm holographic grating and a photomultiplier as a detector) was used for  

the analysis of the plasma emission. From the collisional broadening of the Ar I 840 nm line [5], the 

gas temperature (Tg) was measured. On the other hand, the electron density (ne) was measured from the 

collisional broadening of the Hβ line [6]. 

In terms of electron density and gas temperature, these plasmas are different from classical surface 

wave-maintained discharges produced in the original (non-modified) configuration, which suggests that 

they do not likely fall within the same category, as the surface wave propagation is most likely disrupted 

by the Si plate. Actually, simulations with COMSOL Multiphysics show that the electric field can be 

more than doubled at the edge of the silicon piece during surfatron start up. This explains that the device 

start up is easier with the silicon piece in the dielectric tube, and that the plasma column starts beyond 

the silicon piece. 
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Fig. 2: Measured values of 𝑇𝑔 and 𝑛𝑒 with power (𝑃) and argon flow rate (𝐹), when using a 3 and 5 cm Si pieces. 


