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Recently, large area plasma source with high spatial plasma homogeneity are of great 

importance especially for large surface processing required in LCD production for instance. 
Radio frequency (RF) plasma sources are often used for this purpose. However, the microwave 
(MW) plasma source came into the interest of study since the discovery of surface-wave (SW) 
plasma source [1]. Main advantage of MW plasma sources compared to RF plasma sources 
comes from higher efficiency, which can compensate higher initial price of MW power source.  
Further on, due to the nature of plasma production on SW plasma source the plasma density is 
always higher than cut-off plasma density. In contrast to this, magnetic fields have to be used in 
the RF discharges to reach such a high plasma densities. In SW plasma sources, the SW is 
propagating along dielectric – plasma interface. According to geometry of the dielectric material, 
the SW plasma sources can be divided into two groups: planar [2] and cylindrical [3].  

 One of the disadvantages of SW plasma sources is that the plasma is produced only in 
the vicinity of the dielectric material and rest of the chamber is filled by plasma due to diffusion 
processes causing spatial inhomogeneity of plasma. Further on, formation of standing wave in 
the system creates regions with high and low electric field intensity. This also causes spatial 
inhomogeneity of plasma.  

In present work a combination of cylindrical and planar SW plasma concept has been 
introduced. A quartz dielectric is covering entirely inner walls of cylindrical discharge chamber. 
In this configuration, the homogeneity of produced plasma should be improved due to plasma 
production along larger dielectric area surrounding discharge volume. The measurements were 
performed in order to prove the possibility of microwave propagation along the whole discharge 
chamber as well as to prove its actual effects on plasma production. 

Schematic drawing of the discharge chamber used in experiments is shown in Fig.1.  It 
consists of metal vacuum chamber of a cylindrical shape with the inner diameter of 313 mm and 
inner height of 103 mm. A 15 mm thick quartz plate with the diameter of 350 mm is placed on 
Viton sealing on the top of the vacuum chamber. A quartz cylinder with outer diameter of 310 
mm, thickness of 5 mm and height of 90 mm is inserted in the vacuum chamber. Bottom wall of 
the vacuum chamber is covered with a 1 cm thick quartz glass. The glass is positioned on 
spring-washers in order to ensure good contact between dielectric parts inside the chamber. 
Vacuum components are connected to the system using two vacuum ports equipped to the 
bottom part of the vacuum chamber. Probes for measurements were also inserted into the 
discharge region using one of the vacuum ports. Argon was used as a working gas during 
measurements in the pressure range from 3 Pa to 14 Pa. Various kinds of probes were used for 
several types of measurements. Discharge was sustained using 2.45 GHz microwave power 
supply. A single probe was used in the configuration as a Langmuir probe in order to achieve 
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better spatial resolution in the region close to the sidewall.  In this configuration the metal 
tubing of the probe was used as a second electrode since a grounded electrode is not present in 
the present system.  In the second configuration the single probe was used as an antenna for 
interferometric electric field measurement. 

To measure the electric field distribution along the dielectric sidewall, the probe tip was 
oriented perpendicularly to the surface of the dielectric in order to pick-up perpendicular 
component of MW electric field. Corresponding to previous numerical calculations [4] and 
experimental results from a smaller chamber [5], a standing wave MW electric field pattern was 
expected. Measurements at the gas pressure of 10 Pa confirmed the existence of such a pattern 
along the sidewall proving the presence of SW in this region as shown in Fig.2-a. However, 
even if the SW propagates along the dielectric-plasma boundary, it does not necessarily mean, 
that SW excites the plasma. In order to investigate the influence on plasma production, 
dependence of Langmuir probe current on axial position in the vicinity of the dielectric was 
measured. Bias of the probe was kept constant at -10V.  It is expected that the electron current 
to the probe should more increase if the electrons are heated in the maximum of MW electric 
field – hence plasma is produced [5]. This causes spatial oscillations in the probe current 
measured along the dielectric sidewall. Due to relatively high pressure of 10 Pa, the vicinity of 
the dielectric where the oscillations can be observed is rather small, thus the probe tip was 
oriented parallel to dielectric. Distance between the probe wire and the dielectric was 1 mm. 
The probe tip was perpendicular with respect to the axis of the chamber in order to obtain better 
spatial distribution.  In the experiment the probe current oscillations were observed along the 
sidewall as shown in Fig.2-b, proving the hot electron excitation, which is necessary for plasma 
production.  

In the present work it was shown that the plasma production in a SW plasma source could 
be improved by covering inner walls with dielectric material and thus increase effective area of 
SW – plasma interaction. Also it was shown that this effect is pronounced in larger source 
dimensions with diameter of 300 mm. 
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Fig. 1 Cross-section of experimental setup. 
Fig. 2 (a) Electric field measured at 13.3Pa and 
800W, (b) probe current measured at 10Pa and 
1000W.


