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INTRODUCTION

This contribution is a result of thorough analysis of numerous experimental data obtained

in the past by high-speed streak photography [1,2], and recently by cross-correlation spectroscopy

[3,4]. Both optical methods have been demonstrated to be very informative ones to investigate such

a tiny (of a few millimeters size) and short (of nanosecond duration) object as a microdischarge in

anozonizer.

Detailed descriptions of the corresponding experimental apparatus and procedures are

given in [2,3]. However, to clarify some peculiarities of the results described below, two main

differences between the optical methods under consideration should be pointed out: (I) High-speed

streak photography deals with a real single microdischarge, i.e. each photo corresponds to the only

one breakdown process, while cross-correlation spectroscopy provides an averaged picture of the

phenomenon, i.e. every spatio-temporal distribution of the microdischarge luminosity is a result of

the accumulation of a tremendous number (usually about 105 - 106) of independent measurements.

(II) Cross-correlation spectroscopy allows to record spectrally resolved data, while the high-speed

streak photos reveal effects of light emission in a wide range of wavelengths.
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Thus, these optical methods can be treated as somewhat complementary ones, and the

comparative analysis of the corresponding data of measurements obtained under similar

experimental conditions is expected to provide an aUround description of the microdischarge

development. In this paper we consider only two most important items of this analysis, namely the

phenomenon of the pre-breakdown glow and that one of the afterglow.

1. PRE-BREAKDOWN GLOW

An example of the contour maps for luminosity of the microdicharge channel is presented

in Fig.l. These experimental data were obtained by the authors of [3] by means of cross-

correlation spectroscopy. Dashed lines with arrows indicate the positions of electrode surface (both
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Fig. 1: Spatio-temporal distributions of the luminosities of microdischarges in air

for k = 337 nm (at the top) and X = 391 nm (bottom), gap width d = 3 mm.
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electrodes were semi-spherically shaped with a curvature radius of 5 mm; the discharge gap width

was 3 mm). Contrary to the maps of luminosities presented in [4], the results shown in Fig. 1 are

not smoothed. That is why the influence of statistical noise can be clearly seen here for levels of

relative light intensities less than 0.03.

Apart from the cathode-directed streamer phase (more profound in the bottom part of the

figure, i.e. for the light emission of the 1-st negative system of nitrogen) and that of the discharge

decay (in both parts of Fig.l it starts at the time point of about 22 ns and is characterized by the

gradual almost exponential decrease in light intensities), a pre-breakdown phase (an anode glow

before about 15 ns in the top part of the figure) can be distinguished. The pre-breakdown anode

glow was observed for all discharge cell configurations and gap widths within the range between

0.5 mm and 3.0 mm [4]. This glow was found to be rather weak (for example in Fig. 1 it is less than

10"3 with respect to the maximum intensity) but long lasting and gradually increasing, hi some cases

its duration was demonstrated to be even in the order of a few microseconds [4]. The most weak

(although noticeable) glow was observed in the case of metallic anodes, hi this case the anode glow

was accompanied by a simultaneous and sometimes more strong pre-breakdown cathode glow.

All the above listed experimental findings can be explained (at least qualitatively) taking

into account the effect of surface charges remaining on the dielectrics after the preceding

breakdown events of opposite polarity. These surface charges cause a local rise of electric field near

the dielectric electrodes and by this an increase of ionization and electron detachment rates. The

following growth of local electron concentrations near the dielectric surfaces is registered by the

optical detector. Obviously, this growth should be expected to be more profound near the anode

because of the appearance of seed electrons there due to electron drift and detachment processes

within the whole gap. The latter mechanism seems to be predominant if the pre-breakdown phase

lasts for microseconds and all the elementary processes occur in a non-homogeneous electric field

with a minimum strength in the midst of the discharge gap.
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2. AFTERGLOW

This phenomenon was originally already observed during the experiments on high-speed

streak photograhy [1,2], but it was treated as experimental error caused by apparatus noise. That is

why these results were not published before. Recently we performed a thorough analysis of the

original experimental data and came to the conclusion that the observations of the afterglow should

be attributed in fact to the behaviour of the microdischarge. Streak-photos of microdischarges in air

were recorded with different temporal resolution. Examples are shown in Fig. 2 (electrode

configuration as for Fig. 1, curvature radius 10 mm, gap width 4 mm). The left column of Fig. 2 a)

corresponds to the best achieved level of resolution and contains the same results as described in

[1,2], The time scale for the right column (Fig. 2 b) is 5 times greater. The first light phenomena

correspond to the events shown in the left column. Their internal structure is hardly distinguished
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Fig. 2: Streak-photographs of microdischarges in air (a), with afterglow (b).



because of lack of temporal resolution. After a time delay of 50 to 70 ns a new light emission

appears in different discharge gap regions depending on the arrangement (see Fig. 2).

The most probable reason for the appearance of these afterglows seems to be recombination

processes occuring as well near the dilectric or metallic surfaces (arrangements with dielectric

anode, see Fig.2), as within the microdischarge channels (configuration "metal (+) - glass (-)").

SUMMARY

Apart from the already described phases of the microdischarge development, two more

optically observable ones can be distinguished: (I) a pre-breakdown anode glow, and (II) an

afterglow phase. The latter phenomenon can be interpreted resulting from recombination processes

within the microdischarge channel. The detailed analysis of phase (I) leads to the conclusion, that

electron drift as well as other elementary processes during the pre-breakdown period occur in a

non-homogeneous electric field which is determined by surface charges on the dielectric electrodes.
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