39th international conference on plasma physics and CF, February  6 – 10, 2012, Zvenigorod.



Effect of the cathode surface temperature on the cathode fall layer parameters
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Different research results [1-4] show that the cathode temperature has a significant influence on the glow discharge parameters. As it is shown in [4], the cathode heating leads to the changes in the cathode fall parameters in a self-sustained, normal, dc, atmospheric-pressure glow discharge (APGD) in helium , and in  particular, the interelectrode voltage, the thickness of the cathode fall layer, the current density and the gas temperature in this layer. Thus control of the cathode temperature and maintenance of it constant in a high pressure glow discharge system are very important considerations. There is no reference in which we can find a unique answer to the question: why does an interelectrode voltage increase when the cathode surface temperature rises. 

The experimental setup used in these investigations is the same as in [4]. Glow discharge is ignited between two electrodes in air-locked chamber. A weak flow of working gas helium (about 1 litre/min) is provided through the discharge chamber. The cathode heating as a result of discharge current flow (about 1 A) in dc normal atmospheric-pressure glow discharge with constricted positive column (about 9 mm in length) leads to increase of the interelectrode voltage if the cathode is not cooled and its temperature increases. On the contrary, the interelectrode voltage decreases with additional cathode heating by an external heat source. Radially inhomogeneous profiles of the reduced electric field on the uncooled cathode surface have been measured. At the same time, the reduced electric field profile close to the cathode surface is radially homogeneous in APGD with diffuse positive column, which can be obtained at discharge current of 1 A, but at interelectrode gaps less than 5 mm. The electric field strength in this case is less than the strength at the centre of cathode layer in constricted APGD.

The probable reasons of observed interelectrode voltage increase are discussed. From an analysis of experimental results, Phelps and Petrovic [5] have deduced an effective  (including various possible secondary emission processes including ion impact, metastable impact and photoemission) as a function of the reduced field strength at the cathode. This parameterization reflects the relative importance of the different electron emission processes for different discharge conditions and also includes possible effects due to ionization near the cathode caused by heavy particles. Note that a decrease in the effective  would lead to an increase in the operating voltage at a given current. However, on the basis of theoretical results, a decrease in the effective  due to an increasing cathode temperature [6] or changing electric field at the surface [7] seems unlikely. Also, it should be recalled that model calculations [1, 2] using a constant  also predict an increased operating voltage for a given current with increasing temperature.
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