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Abstract
The barrier discharge in the coplanar arrangement operating in a single-filament mode was
studied spectroscopically. The evolution of the discharge luminosity was measured by the
technique of cross-correlation spectroscopy. The 1D-spatially and temporally resolved
luminosities of the first negative (at 391.5 nm) and the second positive (at 337.1 nm) system of
molecular nitrogen were recorded using the above-mentioned technique. A cathode-directed
ionizing wave (IW) was clearly seen on the plot for radiation intensity at 337.1 nm. In addition
to this, also observed was a wave of the enhanced electric field propagating over the anode. In
this paper, the propagation of these waves is described and their velocities are determined. The
discharge evolution is divided into three phases—the Townsend phase, the phase of the IWs
propagation and the extinction phase. Since the above-mentioned luminosity distributions
could be interpreted approximately as the electric field (for 391.5 nm) and the electron density
(for 337.1 nm) distribution, the qualitative description of the discharge is made accordingly.
All these parameters are compared with similar measurements of the volume discharge. Apart
from this, an attempt to determine the reduced electric field is made according to the kinetic
model.
(Some figures in this article are in colour only in the electronic version)

The history of the coplanar discharge arrangements begins
in the 1970s when this configuration was used in plasma
display panels (PDPs) [6, 7]. In these panels, the electrodes
were deposited on one side of the substrate only. This
one-sided arrangement had one great advantage—reduction
in the number of depositions. In this paper [7], Sato used
the name surface-discharge type. In recent terminology, the
term coplanar discharge is used. In the 1980s, an advanced
technology with addressing electrodes was used. The history
of the coplanar configuration connected with the PDPs is well
described in [8]. Another usage of the coplanar discharge
configuration was found in ozonizers [5, 9]. While the CD
in PDP operates in the glow regime, according to the low
value of the product pd (pressure × discharge gap length),

1. Introduction
Barrier discharges (BDs) are characterized by the presence
of at least one insulating layer in contact with the discharge
between two electrodes. BDs are able to produce non-thermal
plasmas at atmospheric pressure, which are used in various
applications [1–3]. These discharges are also used in various
configurations and arrangements, the best known of which are
the volume discharge (VD), the surface discharge (SD) and the
coplanar barrier discharge arrangement (CBD or simply CD).
The basic schema of the CD is shown in figure 1. While the
BDs at atmospheric pressure in VD configuration have been
investigated frequently [1, 2, 4, 5], this is not the case for BDs
in SD arrangement and especially CD configuration.
0022-3727/08/035212+09$30.00
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Figure 1. A basic schema of the CD.

in the ozonizers constructed by Pietsch, Gibalov and Murata
the discharge operates in the streamer regime (terminology
according to [8]). The presence of the streamer enables the
production of ozone. More recently, due to the favourable onesided geometry and atmospheric pressure working area of the
CD, this representative of non-thermal plasmas is also used for
the surface treatment of textile or paper materials [10–13, 19].
In these the discharge works in the streamer regime as well.
However, in contrast to the VD, in CD arrangements, the
filaments burn parallel to the dielectric surface, therefore they
do not penetrate (destroy) the treated sample. In this setup, the
so-called diffusion part of the CD seems to be more effective in
the surface treatment. In the past, several other patents based
on the original coplanar configuration were applied [14, 15].
Despite the fact that several numerical simulations of
the coplanar discharge have been made so far and some
basic experiments carried out [9,10, 16–18, 20], the systematic
experimental study of its ignition, progress and extinction
phases is still missing. To be able to observe these, a close
temporally resolved measurement is needed, since the time
scale of the phenomena is in the order of units of nanoseconds.
The technique of cross-correlation spectroscopy (CCS) has
already been found to be a powerful tool in the measuring
of the volume BD [3, 4, 22, 23, 27]. In this paper, the CCS
technique is applied for the first time to measure the coplanar
discharge.
This paper is divided into the following sections. In
the second section, the experimental setup of the coplanar
discharge cell is described. Section 2 also includes a short
characterization of the CCS technique (this technique has
already been described in detail in [4, 22]). In section 3,
the measured data of CD are presented. These results are
compared with the volume discharge. This section also deals
with the data processing procedure and reports an attempt to
determine the electric field distribution. Obtained results are
discussed in section 4 and summarized in the last section.

Figure 2. An experimental setup of the discharge cell with the
coplanar electrode arrangements (views from the side and from
the top).

Figure 3. Typical example of the current and voltage oscillograms
for a CD maintained in the mode providing single microdischarge
per voltage half-cycle.

between the electrodes was 1 mm. To electrically insulate the
electrodes, circulating transformer oil was applied to both of
them. The electrodes were situated on one side of the 0.7 mm
thick alumina ceramic (96% pure Al2 O3 , εrel = 10). The
discharge plasma was generated on the opposite side. This
coplanar discharge cell was placed inside a stainless steel
chamber described in [3, 4]. Prior to each experiment, the
chamber was left under the flow of 500 sccm and atmospheric
pressure for 20 min. During these experiments, synthetic air
(20% O2 and 80% N2 ) with a flow rate of 500 sccm was used.
The gas flow rate was regulated by MKS 1259 CC gas flow
controllers. The pressure in the chamber was controlled by the
ILMVAC Piza manometer and was maintained slightly above
the atmospheric pressure value.
The coplanar discharge cell was driven by a 24 kV voltage
operating at a frequency of 10.2 kHz. This voltage was
slightly above the on-set voltage value, so there appeared
only one microdischarge during the half-period (figure 3).
The sinusoidal voltage signal from a Voltcraft MXG-9802
function generator was amplified by a 400 W power amplifier
and transformed to a high voltage signal by means of two
automotive ignition coils connected in parallel (see figure 2).
The electrical characteristics were measured by Tektronix TDS
30345 DPO and Hewlett–Packard Infinium 500 MHz 2GSa/s

2. Experimental setup and equipment
The CCS technique used here allowed us to measure with the
temporal resolution of 0.1 ns. For these measurements, the
discharge had to be both periodical and spatially well localized.
The CCS technique, with its conditions and requirements,
has already been described in detail in [4, 22]. In order
to comply with these requirements, the pin-to-pin coplanar
electrode configuration was used (figure 2). The curvature of
the tips of both electrodes was r = 0.25 mm. The distance
2

J. Phys. D: Appl. Phys. 41 (2008) 035212

T Hoder et al
1

0

MAIN
Monochromator

Imaging
optics

CFD

Coplanar
discharge

START

106

0

PMT

PMT

2

3

4

5 mm

SYNC

Power
supply
&
TTL pulse

CFD

ADC

MEM

2

3

4

5 mm

(a)

(b)

Figure 5. The side-view (a) and top-view (b) photos of the coplanar
discharge operated in a single-filament mode in synthetic air at
atmospheric pressure. Exposure time was equal to 1/30 s in both
cases.

STOP
TAC

1

Delay

0-0 SPS

No correlation
means no count

3-6

0-1

0
385

20000

390

395

400

405

410

0-2

10000

1-3

1-2

0-4

1-5

2-6

1-1

2-3

2-1

2-4

oscilloscopes. The applied voltage was measured by the
1000 : 1 high voltage probe (Tektronix P6015A) and the current
by a Pearson current monitor (Model 2100, 1 : 1).
The scheme of the CCS setup is shown in figure 4.
The optical part of the apparatus was the same as in [4],
except for the synchronization signal, which had to be taken
from the side (perpendicular to the main signal), because of
the design of the CD cell. In figure 4, the CCS apparatus
is shown schematically. The main signal was taken from
above. It was spatially resolved by the system of lenses
and the stepping motor, and guided to the optical fibre. The
measured area was a square of 0.1 × 0.1 mm2 . The spatially
resolved signal then entered the monochromator (Jobin Yvon
TRIAX 320). The monochromatic light of the main signal
was detected by a highly sensitive photomultiplayer from
Hamamatsu (type H5773-04, water cooled to 8 ◦ C, which
operated in a single photon counting mode) and analysed
by means of TC-SPC module (SPC-530, Becker and Hickl)
[31]. The synchronization signal was received from the entire
discharge (from the side as the geometry of the cell allowed)
and spectrally unresolved was detected by photomultiplayer
Hamamatsu (H5773-06). The optical emission spectrum of
the CD burning in the synthetic air was recorded by means
of the spectrometer Jobin-Yvon TRIAX 550 (CCD cooled by
liquid nitrogen).
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Figure 4. An outline of the CCS apparatus. The imaging optics
consists of two quartz lenses, a stepper motor, a slit and an optical
fibre; PMT—photomultiplayer; CFD—constant fraction
discriminator; delay—coaxial delay cable; TAC—time-to-amplitude
converter; ADC—analogue-to-digital converter; MEM—memory
block with 1024 channels.
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Figure 6. An optical emission spectrum of the CD plasma burning
in the synthetic air.

better, in the case of the BDs, of the ionizing waves (IWs)
(according to the terminology proposed by Yurgelenas and
Wagner [21]). This IW propagates above the inter-electrode
space (approximately 0.1 mm above the dielectric surface in
our case) and has the form of a bow. The diffuse-like clouds
are produced by the impact of the IW directly onto the dielectric
surface, where they create a so-called ‘surface discharge’. The
IW continues along the surface as a luminosity wave and
spreads out with an increasing radial dimension. Each impact
produces a similar wave, so after accumulation over time these
waves produce a continuous diffuse part.
Figure 6 shows the optical emission spectrum of the CD.
The spectral bands of the second positive system (SPS) of
molecular nitrogen are dominant. The part of the spectrum
containing the band of the 0–0 transition of the first negative
system (FNS) is zoomed in this figure.
In the papers [24–26], the idea of a quantitative
estimation of the electric field strength from the experimentally
determined spatio-temporal distributions of radiation intensities for SPS and FNS has been proposed. This estimation was
focused on gas discharge in air at atmospheric pressure and
was used in [4, 22, 27]. Here, the same approach is applied in
the case of the CD. In order to determine the plasma parameter
mentioned above, it was essential to use the spatio-temporally
resolved CCS signal for the spectroscopic lines at 391.5 and
337.1 nm. The radiation for these lines, corresponding to the
first negative and SPS of molecular nitrogen, is caused by the
following elementary processes:

3. Experimental results
This work focuses on the characterization of the CD only on
its one-dimension, although the coplanar discharge (working
in a single-filament mode) clearly shows a three-dimensional
structure. As one can see from the top view of the coplanar
discharge plasma (figure 5(b)), the CD consists of two different
parts visible by the naked eye: a narrow channel above the interelectrode area (the area between the positions 2.4 and 3.4 mm)
and diffuse-like clouds above the electrodes. These elements
shape the plane structure of the discharge. The side-view
picture (figure 5(a)) reveals a vertical size of the discharge. The
narrow channel represents the propagating of the streamers, or

e + N2 (X 1 g+ )υ=0 → N2 (C 3 u )υ  =0 + e

3

E = 11.0 eV,
(1)
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Figure 7. Spatio-temporal distributions of the luminosity of the first negative (left) and second positive (right) system of nitrogen. These
distributions are presented for both polarities of the electrodes. The colour-scale denotes the number of counted photons, the intensity is
plotted in the logarithmic scale. The positions of the electrode tips under the ceramics are marked on the plots by the horizontal straight lines.

e + N2 (X 1 g+ )υ=0 → N2+ (B 2 u+ )υ  =0 + 2e

E = 18.7 eV.

However, in order to reveal a really quantitative distribution
of the reduced electric field, a complete numerical analysis
of the distributions of the FNS and the SPS radiation
intensities has to be carried out according to the kinetic scheme
(equations (1)–(6)). This kinetic scheme corresponds to the
following differential equations for the local concentrations of
the excited species:
 
dnC (r, t)
E
nC (r, t)
= kC
nN2 ne (r, t) −
,
(7)
C
dt
n
τeff
 
dnB (r, t)
E
nB (r, t)
= kB
nN2 ne (r, t) −
.
(8)
B
dt
n
τeff

(2)
The radiation of thus produced excited species occurs as
follows:
N2 (C 3 u )υ  =0 → N2 (B 3 g )υ  =0 + hν
λ = 337.1 nm,

C
τ00
= 44.5 ns,

(3)

N2+ (B 2 u+ )υ  =0 → N2+ (X 2 g+ )υ  =0 + hν
λ = 391.5 nm,

B
τ00
= 65.8 ns.

(4)

The collisional quenching of the excited species has to be taken
into account as well:
N2 (C 3 u )υ  =0 + N2 /O2 → products,

(5)

N2+ (B 2 u+ )υ  =0 + N2 /O2 → products.

(6)

Here kC and kB stand for the rate constants of reactions (1) and
(2). These constants are considered as sole functions of the
reduced electric field. ne represents the local concentration
of the electrons and nN2 and nO2 are the concentrations of
the molecular nitrogen and molecular oxygen in the ground
C
electronic states, respectively. The effective lifetimes τeff
and
B
τeff have the following meaning:

Figure 7 shows the spatio-temporally resolved distributions of
the luminosities of the selected spectral bands. Based on the
analysis of similar results of the CCS measurements for the
volume BD in [4], the signal distributions at 391.5 nm and
337.1 nm can be interpreted as revealing the spatio-temporal
distributions of the electric field and of the electron density,
respectively. In accordance with this interpretation, the area
of an enhanced electric field can be regarded as evidence
for the propagation of the cathode-directed ionization wave
(see figures 7(a) and (c)). The luminosity distribution of
the signal at 337.1 nm marks an area of high electron density
mainly above the inter-electrode space and above the anode.

1
1
= KNC2 nN2 + KOC2 nO2 + C ,
C
τeff
τ0

(9)

1
1
= KNB2 nN2 + KOB2 nO2 + B .
B
τeff
τ0

(10)

Here τ0C and τ0B denominate the radiating lifetimes of the
states N2 (C 3 u )υ  =0 and N2+ (B 2 u+ )υ  =0 and correspond to
C
B
the summation of the characteristic time τ0υ
 (τ0υ  ) over the

entire range of the vibrational states υ . The intensities of
4

J. Phys. D: Appl. Phys. 41 (2008) 035212

T Hoder et al

light for the spectral bands of the SPS (0–0) and FNS (0–0)
calculated from the corresponding experimentally measured
photon count rates are directly proportional to the rates of
reactions (3) and (4):
nC hc
,
C λ
τ00
C

IB (r, t) = TB

nB hc
.
B λ
τ00
B

temporary cathode

5.0

1000
anode

SW (2nd CDIW)

4.0

100

(11)

area of the increasing ratio

x (mm)

IC (r, t) = TC

R391/337 (x,t)
(relative units)

In equations (11), TC and TB denote the transmission
coefficients for the corresponding spectral bands, which are
determined by the characteristics of the optical system and by
the sensitivity of the detector. They do not depend on the
spatio-temporal coordinates r, t. Using equations (11) and
under the conditions and approximations mentioned in [4,22],
differential equations (7) and (8) can be rewritten in terms
of the radiation intensities IC and IB . Finally, the following
equation for the FNS/SPS signal ratio as a function of the ratio
kB /kC (as a sole function of the reduced electric field) can be
obtained:
dIB
IB
+ B B
 
C C
dt
τeff τeff
τ00 λC
kB E TB τeff
=
= R391/337 (E/n).
C
B
B
dIC IC τeff
kC n TC τeff τ00
λB
+ C
dt
τeff
(12)
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Figure 8. Spatio-temporal distribution of the FNS/SPS intensity
ratio defined by equation (12) as R391/337 (x, t). This quantity was
calculated from the experimental data presented in figures 7(a)
and (b). The presence of the temporary cathode and the description
of the SW as a second CDIW are discussed in the final section.

the FNS/SPS ratio (figure 8) as well as on the plots (figure 7) for
the luminosity distribution of the FNS at λ = 391.5 nm for both
electrode polarities (figures 7(a) and (c)). The CDIW starts
from the anode edge and propagates towards the cathode with
increasing velocity until it gets to the area above the cathode
edge where the velocity reaches its maximal value.
It is interesting to mention that this value of 1.1×106 m s−1
is comparable to the maximal velocity of the CDIW in the VD
(1.3 × 106 m s−1 according to the results [22], see figure 9).
After reaching the peak value, the velocity of the CDIW
decreases monotonically together with electric field strength.
During the next 5 ns, the CDIW gradually decays and finally,
it disappears rather far from the cathode edge, namely at a
distance of about 2 mm (compare figures 8 and 9).
From the shape of the luminosity evolution of the FNS in
the area above the anode and especially from the distribution of
the FNS/SPS ratio, we can also deduce the presence of another
(second) wave of the enhanced electric field. The second wave
(SW) begins from the point located at about 0.3 mm behind the
anode’s edge, directly above the anode. The SW propagates
only in the area above the anode. The velocities of the CDIW
and SW (calculated from the wave trajectories, i.e. from the
data on FNS/SPS ratio presented in figure 8) are compared in
figure 9. As one can see, the velocity in the early phases of the
SW is at the same level as the maximal value of the velocity
of the CDIW. Unfortunately, a more detailed description of
the starting phase of the SW is hardly possible because of the
limitations of our spatio-temporal resolution range. Therefore,
the starting part of the SW velocity dependence is not presented
in the plots of figure 9. However, from the spatio-temporal
distribution of the FNS/SPS intensity ratio (figure 8), it is
clearly seen that the origin of the SW correlates temporally
with the maximal velocity of the CDIW. The decrease in
the velocities of both IWs occurs almost simultaneously (see
figure 9(a)), the absolute values of these two velocities being
very close to each other at any moment t > 20.5 ns.
It is apparent from figure 8 that (in the order of
nanoseconds) no stable and well-localized ‘cathode layer’

In this expression, the variable R391/337 represents the FNS/SPS
intensity ratio which can be used for the reduced electric field
determination according to [28]. On the left-hand side of
equation (12), there is a ratio of the measured intensities after
the differentiation together with the known constants. In the
middle, there is a theoretical formula of the ratio as a sole
function of the reduced electric field.
The function R391/337 (E/n) can be determined either
using this theoretical formula (see for example, [4, 25, 26]),
or by means of experimental calibration in a discharge with
homogeneous and stationary electric field (see, [27, 28]).
Unfortunately, we were unable to apply any of these methods
in the case of the CD in order to determine the reduced
electric field E/n(x, t) quantitatively, since the inevitable
procedure of the indirect calibration of the transmission
coefficients ratio TB /TC used earlier for VD [4] is not valid
for the CD electrode arrangement. Despite the uncertainty
problem concerning the transmission coefficients TB and
TC , the calculation of the quantity in the left-hand side of
equation (12) enables a qualitative description of the spatiotemporal distribution of the electric field [4, 28, 32]. Since the
function R391/337 (E/n) is monotone increasing, the spatiotemporal E/n distribution does not differ qualitatively from
the corresponding distribution of R391/337 (x, t). The latter
quantity can be calculated from experimental data according
to the expression on the left-hand side of equation (12).
The spatio-temporal distribution of the FNS/SPS intensity
ratio (i.e. the quantity R391/337 (x, t)) for the CD in synthetic
air is shown in figure 8. As already mentioned, this ratio
represents the distribution of the local electric field strength
more precisely than the corresponding FNS signal (compare
with figure 7(a)). The spatio-temporal structure of the waves
of electric field is clearly seen here. The cathode-directed
ionizing wave (CDIW) is visible on the plot for the evolution of
5
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Figure 10. Spatio-temporal distribution of the luminosity of the
second positive system of nitrogen (λ = 337.1 nm). Experimental
conditions are the same as for the results shown in figure 7(d), except
for the measurement range of the time-to-amplitude converter that
was extended up to 1 µs and the time of accumulation was 20 min.

increased as high as possible, i.e. up to the limit of the dark
count rate of the photomultipliers. Sensitivity of the CCS
measurements for the pre-breakdown (Townsend) phase of
the discharge is considerably higher than the sensitivity of the
corresponding current measurements, taking into account that
the discharge current should be calculated as the difference
between the total current and capacitive current. In figure 10,
the minimal intensity level (the range 0–1 counts) corresponds
to the dark count rate and consequently these signals should be
considered as a background. The areas with higher intensity
in figure 10 show a real spatio-temporal distribution of the
discharge luminosity at λ = 337.1 nm. The maximal radiation
intensity is observed at the edge of the anode (above the
ceramics), this signal gradually increasing with time. It should
be noted that in the case of a VD in air, such behaviour of the
microdischarge luminosity during the pre-breakdown phase
(a continuous anode glow) was experimentally discovered in
1995 by the authors [32] and confirmed later in [4]. The
results of numerical modelling [21] demonstrate that a prebreakdown anode glow can be considered as evidence for the
Townsend mechanism of the VD during the initial phase of its
development. Taking this into account, we can assume, that the
pre-breakdown anode glow, which is clearly seen in figure 10,
is caused by a number of electron avalanches propagating over
the dielectric surface to the anode during a period of time
that lasts for at least 1 µs. This assumption corresponds to
the model of the Townsend mechanism of the microdischarge
initiation in the case of CD.
Besides the anode glow, two additional weaker maxima
of the luminosity can be distinguished in figure 10. They are
localized away from the electrode tips, above both electrodes.
In the figure, their positions are denoted by arrows and dashed
lines. These maxima could have originated due to the emission,
which was caused by the locally enhanced electric field near
the residual surface charges from the preceding microdischarge
of opposite polarity. The luminosity maximum on the side of
the anode is further away from the electrode edge (at position
x = 0.8 mm) than the second maximum on the other side
(at position x = 4.5 mm). If we compare this result with the

Figure 9. Temporal (a) and spatial (b) dependences of the velocities
of both IWs (CDIW and SW, see text) in the CD in synthetic air at
atmospheric pressure. These quantities were calculated from the
data presented in figure 8. In (b), these results are compared with
the velocities of the CDIW for volume BD obtained earlier by the
authors [22].

appeared in the case of the CD (compare with the E/N
distribution of the volume discharge in [4, 5] or of the CD
in [16]). Nevertheless, there is a visible area of a growing
R391/337 value starting at 22 ns on coordinate x = 3.3 mm.
This area slowly covers the anode edge as well as the interelectrode space. The R391/337 in this area reaches its maximal
value of 10.
In order to clarify a question concerning the mechanism
of the coplanar microdischarge origination, a special
measurement of the microdischarge luminosity at λ =
337.1 nm was carried out. The time window of this CCS
measurement was extended to 1 µs, the temporal resolution
being decreased down to 1 ns/channel. Thus, the zero-point of
the time scale was considerably shifted to the left as compared
with the previous measurement. In figure 10, the white
area above the anode edge at the time range 995–1000 ns
corresponds to the initial phase of the microdischarge
development (anode glow), which is shown in figure 7(d)
for the time range 15–20 ns. Since the radiation intensity
at the very beginning of the electrical breakdown process is
very low, the sensitivity of the special CCS measurement was
6
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measurement of the FNS in the opposite polarity in figure 7(a),
we can derive from it that the shorter distance of the luminosity
trace above the cathode was caused by a lower expansion of the
SW as well as by a lower intensity of the electric field on the
side of the anode during the past half-period (which means
at the same place on the ceramics), see figure 8. Indeed, the
residual surface charge seems to play, especially in the case of
the CD electrode configuration, a crucial role.
Figure 11 shows spatially (b) and temporally (a) and (c)
integrated CCS signals of the CD for the selected wavelengths
in comparison with the corresponding quantities for the VD
taken from the paper [4]. The FNS signal for the CD shows
a shorter extinction phase in comparison with a longer FNS
signal in the VD. The SPS signal in the CD follows the FNS
peak considerably later than in the VD. This is related to
the absence of the SPS maximum above the cathode in the
case of the CD. In the VD, there are two maxima of the SPS
signal, the first one near the cathode and the second near
the anode a moment later. The current pulse was measured
on a modified experimental setup, where one electrode was
grounded. Nevertheless, precise current measurements were
not within the scope of this work. The temporal sums of the
signals reveal the active area of the discharge. According
to the electrode configuration, the active area of the CD is
considerably larger than that of the VD with the same interelectrode gap.
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In the previous section, the first measurements of the CD with
high temporal resolution are presented. The measurements
reveal the presence of the SW of the enhanced electric field.
However, the mechanism of this phenomenon is not clear. Is
the term anode-directed streamer (ADS) or ionization wave
correct? In the case that the SW is an ionization wave, there are
two possible explanations: a classical anode-directed IW which
is enabled by the geometry of the CD, even though it starts
directly above the anode, or a second CDIW, which propagates
to the temporary cathode, which is created by the residual
surface charge on the dielectric and is placed at the position of
the luminosity traces as is shown in figure 10. The facts are
as follows: the shapes of the CDIW and the SW in the spatiotemporal distribution phase space (figure 8) are similar, they
are symmetrical to the inter-electrode gap axis. The velocities
of the waves are, from the point of the maximal CDIW velocity,
approximately the same. Surprisingly, the velocity of the SW
has a steadily decreasing tendency. In this case, the spatiotemporal resolution of the CCS apparatus does not seem to
be sufficient to make the initial phase of the SW observable.
The CDIW reaches its maximal velocity in the same distance
from the cathode’s edge (0.3 mm, above the cathode) as is the
distance of the SW from the anode’s edge. The SW starts
approximately at the same moment as when the CDIW reaches
the cathode edge. Having compared the strong spatio-temporal
symmetry of the IWs (figure 8), the temporal correlation, the
velocity of the SW in the early phase and the almost identical
values of the velocity, we can conclude that the SW is triggered
(and correlated) by the CDIW or/and the mechanisms of these
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Figure 11. Comparison of the spatially (a) and (c) and
temporally (b) integrated radiation intensities for λ = 337.1 nm
(SPS) and λ = 391.5 nm (FNS) for the CD (this work) and for the
VD (data taken from [4]).

waves are similar. This conclusion speaks for the presence
of the second CDIW. The scheme related to this phenomena
is also shown in figure 8. Unfortunately, we have no exact
information about spatio-temporal electron and surface charge
density distributions as yet (not even their relative values).
Therefore, an exact numerical modelling of this phenomenon
or, in our case, the pertinent calibration is needed. The effect
7

J. Phys. D: Appl. Phys. 41 (2008) 035212

T Hoder et al

of the surface charge would seem to be very important in this
case.
As the final point in this section, we present some
arguments based on the knowledge of the streamers in the
non-BD VD, which was presented in [30] and also based on
the simulation of the streamers which take place between the
two parallel metallic plates, which was carried out by Wang
and Kunhardt [29]. Our SW does not look like a continuing
avalanche, which would be typical for the ADS mentioned
in [30]. That means that the SW in the CD does not originate
as an avalanche transformed ‘halfway to the cathode’. The SW
in the CD is therefore not starting to propagate sooner than the
CDIW, which also happens in the simulations of the non-BD
VD in [29]. According to [29], there are three fundamental
differences between the cathode-directed streamer (CDS) and
the ADS. However, the most interesting factor in this work
is that the phase velocity of the CDS is twice as high as that
of the ADS. In our case this difference between the CDS and
the ADS has not been measured either. The velocities of the
CDIW and SW are comparable.

In order to fully comprehend the CD development, needed in
the future, is an additional successful calibration as well as
an exact computer modelling of the discharge evolution. This
modelling should also take into account the presence of the
surface charge. The experimental study of the residual surface
charge, which is deposited on the dielectric, is one of our future
subjects of interest.

Acknowledgments
T Hoder would like to thank Dr Jozef Ráhel’ and Professor
Mirko Černák for many useful consultations. The work
was supported by a research project MSM0021622411
of the Ministry of Education, Youth and Sports, by a
project Nanotechnology for Society KAN 101630651 of the
Academy of Sciences of the Czech Republic, a project
202/03/H162 of the Czech Science Foundation and by the
DFG-Sonderforschungsbereich 198, ‘Kinetics of Partially
Ionized Plasmas’.

References
5. Summary and conclusions

[1] Kogelschatz U 2002 Filamentary, patterned, and diffuse barrier
discharges IEEE Trans. Plasma Sci. 30 1400–8
[2] Kogelschatz U 2003 Dielectric-barrier discharges: their
history, discharge physics and industrial applications
Plasma Chem. Plasma Process. 23 1–46
[3] Wagner H-E, Brandenburg R, Kozlov K V, Sonnenfeld A,
Michel P and Behnke J F 2003 The barrier discharge: basic
properties and applications to surface treatment Vacuum
71 417–36
[4] Kozlov K V, Wagner H-E, Brandenburg R and Michel P 2001
Spatio-temporally resolved spectroscopic diagnostics of the
barrier discharge in air at atmospheric pressure J. Phys. D:
Appl. Phys. 34 3164–76
[5] Gibalov V I and Pietsch G J 2000 The development of
dielectric barrier discharges in gas gaps and on surfaces
J. Phys. D: Appl. Phys. 33 2618–36
[6] Takashima K, Nakayama N, Shirouchi Y, Iemori T,
Yamamoto H and Sato S 1973 Surface discharge type
plasma display panel Digest Papers, 1973 SID Int. Symp.
(New York) pp 76–7
[7] Sato S, Yamamoto H, Shirouchi Y, Iemori T, Nakayama N and
Morita I 1976 Surface-discharge-type plasma display panel
IEEE Trans. Electron Devices 23 328–31
[8] Boeuf J P 2003 Plasma display panels: physics, recent
developments and key issues J. Phys. D: Appl. Phys.
36 R53–79
[9] Murata T, Okita Y, Noguchi M and Takase I 2004 Basic
parameters of coplanar discharge ozone generator Ozone:
Sci. Eng. 26 429–42
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