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1. Introduction

Surface barrier discharges (SBDs) offer a simplgigiefor the generation of non-thermal
plasmas at atmospheric pressure. A (dielectricyidrafills the entire gap between two
electrodes, the gas discharge occurs at the eliec#dges on and close to the surface of the
isolating material. Since the complete electrodarayement can be incorporated in a single
component, SBDs gain more and more attention isnmatechnology (ozone generation,
cleaning of exhaust gases, surface treatment,lgascbntrol and biomedical applications).
SBDs form filamentary plasmas, consisting of singterodischarges (MDs) visible as
discharge filaments. The MDs in air have a duratbabout 20 ns, a length of about 1 mm
and are about 0.2 mm thick, which is a challengedfagnostics. In order to investigate the
MD development cross-correlation spectroscopy (Ci€%) powerful tool. The CCS method
provides high sensitivity and resolution. It hagmalready successfully applied to corona,
volume and coplanar barrier discharges [1, 2]. S@ES is a single photon counting and thus
time consuming technique, it requires a time-stéddalization of repetitive generated MDs.
The stability of the MDs must be provided for themplete data accumulation cycle which
appeared much more challenging than for the otheveamentioned discharge types. In the
contribution the difficulties and useful stratega@sMD stabilization in SD arrangements are
reported. Furthermore, the formation of MD pattesnglielectric barrier was studied.

2. Experimental set-up

The electrode arrangement (see section 3) is mdunt@ moveable discharge cell. It is
connected with gas flow system (dry air flow of 3866cm, 1 atm) and power supply
(sinusoidal voltage, amplitude several jkVfrequency about 60 kHz, period T= 16.6 ps).
Short exposure time photos are used to observehatge formation and stabilization.
Therefore, by means of an iCCD camera (PCO imaDi@AM Pro), enhanced by a far-field
microscope (Questar QM-100), highly resolved presujspatial resolution about 4 um) of the
discharge can be taken.

3. Resultsand discussion
For the generation of MDs, it was necessary to déstrent SD electrode arrangements.
Three conditions must be fulfilled: (i) generatioihrepetitive, well-localized single MDs; (ii)
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thermal and chemical stable electrode material nsuee stable discharge geometry and
operation; (iii) mechanical stability of the arramgent for the movement for foreseen
spectroscopic studies (e.g. realization of spatedolution). The fist attempt was an

arrangement consisting of an isolated wire (grodhdend a bare wire (driven at high

voltage). The thin bare wire was arranged to tgiiolated wire only at one point. Although

in this arrangement single MDs could be observddvaibvervoltage, the configuration failed

because of mechanical instability. For more rolarsangements solid plates of dielectric
material (alumina As;; 96% purity, &= 10, thickness 0.6 mm) were used. Different
discharge configurations can be realized as show#ig. 1 (a-d).
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Fig. 1: Different electrode arrangements for thaegation of Fig. 2: Photo of arrangement 1(f)
SBDs with well-localized MDs. (exposed electrode view)

Electrodes made of silver (0.5 mm wide) can be vap®posited on alumina. The plasma
was generated at the nearest points of the eledrotb generate the plasma only at one
electrode tip and at one side of the dielectridar (at the so-called exposed electrode), the
other electrode was embedded in further isolatsdit¢ne glue, so-called covered electrode).
The arrangement 1 (a) represents so-called synom@BD. The other arrangements (b)-(f)
are called asymmetric, since the discharge apmedysat one edge of the exposed electrode
[3]. In the configuration (c) the exposed electrages isolated, too. The isolation was notched
to guide the MD channel. However, in the arrangdmém-(c) more than one filament at the
exposed electrode was generated, even at voltéges to the extinction value. Using sharp
electrode geometry (Fig. 1 (d)) a single filameiisvobserved, but the silver electrodes were
oxidised and eroded by the plasma during operafibos the discharge geometry changed
during operation and MDs became instable.

Highly stable filaments were investigated by ustag needle electrodes (syringe hollow
needles) made of a chrome-nickel-steel alloy (04 diameter) instead of silver evaporated
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electrode (Fig. 1(f) and 2). The needles were [aédallel on the opposite sides of the
aluminium oxide plate and the tip of the electrotbed each other with a gap d= 1.15 mm.
This arrangement provided well-localized MDs for 90100 hours of discharge operation
which is suitable for CCS studies. In this elecr@adrangement the MDs develop directly on
the dielectric surface as shown in Fig. 3. The Midart at the triple point (electrode-

dielectric-gas) and bridge the complete path tontiveored position of the covered electrode.
Comparing the MD formation with the calculated iaditelectric field (i.e. volume space and

surface charges are not considered) recalls,ibd¥iD channels follow the field lines, i.e. the
electrode geometry determines the MD formation ewdren the discharge was already
running for a certain time with considerable deposiof residual charges on the dielectric.
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Fig. 3: Top view (left) and side view (middle) iCCRsnera photos of MDs (negatives with reworked
electrode shapes, iCCD gate= 8,5 us = T/2, 100 syflaccumulation) with the calculated initial
electric field (right, potential lines in dark blaed streamlines of electrical charges in red) in
configuration 1(f).

If the needle is not completely laid on the digiectconfiguration 1 (e)), the MDs start at the
needle point, too. If the MDs hit the dielectricrfage they propagate along the surface
towards into the cathode region, similar as in murhtion 1 (f). Again the MD channels
follow the field lines of the initial electric fidl (Fig. 4 d). Increasing the voltage amplitude
more MDs per T/2 of the applied voltage occur. BhBtD take completely different paths,
e.g. below the electrode edge (Fig. 4 b) or ineowblume (Fig. 4 c).
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Fig. 4: MD formation in configuration 1 (e) at défent high voltage amplitudes (iCCD-negatives with
reworked electrode shapes; side view; (a) 6.6 k\{pp3.2 kVpp, (c) 10.7 kVpp; (iCCD gate = 8,5 us
=T/2, 100 cycles accumulation) and calculatedahélectric field (d)

In case of configuration 1 (f) the pattern formatis investigated on the dielectric barrier if
the arrangement is driven in such a way that séWwdis per T/2 appear. The first MD

channel bridges directly between the exposed eléetand the position of opposite electrode.
The channels of the subsequent MD evade this ar@g@pagate around it. Increasing the
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voltage amplitude and thus the number of MD per, pAtterns as shown in Fig. 5 (right) are

observed. The MD inception point changes and loagerlonger MD channels occur around

the area of foregoing MD activity. Obviously, sudacharges which are deposited on the
dielectric in the foregoing MD interferes the MDopagation in such a way, that the

discharge channels develop along an alternativeomaan uncharged surface area [4, 5].
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Fig. 5: MD pattern formation caused by overvoltagehe SBD configuration 1(f) with 2 MD per T/2 (tef
and middle; iCCD photos taken over 20 cycles witte gdt1500 ns) and with more than 6 MDs per
T/2 (right)

4. Conclusion and Outlook
Several SD arrangements were investigated in dodprovide time-stable and well localized

MDs for further investigation. The SBD arrangemeonsisting of two needle electrodes in
an asymmetric set-up on opposite sides of a 0.@mok alumina plate (i.e. one exposed and
one embedded electrode) was carried out to provige needed performance. This
configuration (Fig. 1 (f)) was used in order to doot a CCS data which are presented
elsewhere [6]. The MD propagation path is deterchibg the initial electric field and the
residual surface charges affect the propagatiomgailoe dielectric leading to specific pattern
formation. The surface charges may have an infleemic the discharge uniformity and
plasma parameters in large electrode configuratimmstechnological applications, too.
Therefore, the knowledge on the elementary prosebstween the plasma and charged

isolating surfaces are of great concern and negtisef investigation.
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