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”, HIGH POWER MICROWAVE DISCHARGES AT
ATMOSPHERIC PRESSURE IN CAPILLARY
TUBES?Y)

1. MUSIL?), J. VYSKOCIL?), Prague
Z. ZAKRZEWSKT?), Gdansk

An experimental study of high power microwave (235 GHz) argon discharges at
atmospheric pressure generated by a surfatron is reported. The measurements of 3 length
of a plasma column are performed for long and short capillary tubes. Electron density
and collision frequency are determined from a reflection coefficient in an X band
waveguide. It is shown that the power dependence of electron temperature for short
tubes is saturated ; this effect can be used in some technological processes.

BbICOKOMOIHHBIN CBY-PA3PH]I B KAITMILIAPHBIX TPYEKAX
TIPH ATMOC®EPHOM JABIEHMH

B pa6ote npusopsrcs PE3YALTATHI 3KCHEpUMeHTaNbHOTO ucenenosanun CBY-pas-
panos (235 Tuy) s aprote npu atMoctepHoM AABNCHHU, KOTOPBIE reHepUpoBanHCs npu

L INTRODUCTION

Microwave discharges in capillary tubes are of great importance to plasma
chemistry, chemical analysis, spectroscopic studies and are also used in small
plasma torches, etc. At a relatively low total absorbed power, a high power density
In plasma volume can be achieved and therefore large concentrations of electrons
and a wide variety of other active species (neutral, excited and ionized atoms and
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IL EXPERIMENTAL SETUP

The plasma is generated in a setup similar to that described previously [5], the
experimental arrangement is schematically given in Fig. 1.
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Fig. 1. Schematic diagram of the experimental
At 12 [min? arrangement.

Argon plasma at atmospheric pressure was generated by a microwave surfatron
at a frequency 2.35 GHz in a quartz tube. The tube and the surfatron were cooled
by air. For measurements of plasma parameters the tube was very short; the
distance L, from its end to the aperture of the surfatron was 22 mm. For the
absorbed power P,,, >30 W the plasma extended beyond the end of the tube. The
argon flow in all experiments was kept constant 1.2 I/min. The plasma in the tube
passed through the centre of a rectangular X band waveguide for measurements of
electron density and effective collision frequency. Measurements of the length of
the plasma column were performed without this X band waveguide.
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1L RESULTS

Two kinds of experimental situation exist. With a low power (or a long discharge
tube) the plasma does not reach the end of the tube and remains inside it. On the

power fed into the plasma. On the other hand, once the plasma fills the tube and
the jet is formed, the total length of the column is almost independent of the input

power.
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Fig. 2. Experimental dependences of the length L of plasma column on the absorbed microwave power
P, ; a) for two lengths L, of the capillary tube, b) for two diameters @ of the capillary tube.
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Fig. 3. Experimental dependences of the average density k, of the absorbed power on the absorbed
power P, : a) for two lengths L, of the capillary tube, b) for two diameters @ of the capillary tube.
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Fig. 4. Experimenta; dependences of the electron density N and the electron temperature T on the
average density k, of the absorbed power.

The influence of the diameter of the tube on the length of the plasma column
generated in a long capillary tube s presented in Fig. 2b. Fig. 3b shows the
corresponding dependence of the average density of the absorbed power on the
total power entering the column. The average density of the absorbed power is
defined as k,=pP,./ Vp, where Vi is the volume of the plasma V, =nr’L, r is the
plasma radius. The values of the obtained density are in good agreement with those

(Fig. 3 in [4]).

Microwave measurements performed in an experimental setup already described
[5] allow to find the dependence of the electron density and effective collision
frequency on the power density in plasma. The électron temperature was calculated
from experimentaj data on electron collision frequency. Typical results are
presented in Fig. 4. At large power densities the electron temperature saturates
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and any increase of the density of absorbed power leads to a further increase of the
electron density. It follows from the previous discussion that such a situation can be

conditions on the behaviour of the surface wave plasma columns in the capillary
tubes. Unfortunately, there does nat exist so far any theoretical description of such
columns at atmospheric pressure.
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