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Non-equilibrium atmospheric pressure radio-frequency glow-like discharges
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Meanwhile it is well established that non-equilibrium plasmas can be produced at

atmospheric pressure by a variety of techniques; one of them makes use of

atmospheric pressure glow discharges (APGDs) operated with radio-frequency (rf).

Even in the absence of dielectric barriers uniform discharges can be sustained. One

application with great potential is the so-called atmospheric pressure plasma jet

(APPJ). Usually the APPJ is operated with a gap spacing of 1 mm or even more.

Hence, most investigations have been performed in this regime. Only recently narrow

gaps have attracted some attention. However, a more systematic investigation is still

missing.

In the present study rf discharges were investigated in gap spacings ranging from 1 mm

down to 0,1 mm in 0,1 mm steps. The experiments were performed using pure helium

as process gas and an excitation frequency of 13,56 MHz. The electrical properties of

the discharges were determined by voltage and current probes. The discharge pattern

between the electrodes was investigated by using a conventional digital camera and an

image-intensified CCD camera with nanosecond time resolution.

It turned out that uniform discharges can be realized in the entire range of gap spacings

investigated. The so-called alpha discharge can be clearly identified in larger gap

spacings, whereby two regimes exist, a normal regime with partial coverage of the

electrodes and an abnormal regime with increasing discharge intensity. At higher rf

powers an ignition of a gamma discharge occurs leading to a highly non-uniform

discharge. With decreasing gap spacing not only the bulk region of the alpha discharge

gets thinner, but also the normal regime becomes narrower. At 0,4 mm no partial

coverage of the electrodes and hence no normal regime was observed anymore.

However, the uniform abnormal discharge could be sustained down to gap spacings of

0,1 mm. New experimental evidence will be presented about the type of this discharge.
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