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ABSTRACT. This paper presents the realization and a diagnosis of the volume diffuse dielectric barrier
discharge in a 1-mm air gap when high voltage rectangular pulses are applied to the electrodes. A
detailed study has been made of the effect of the applied pulse width on the discharge dissipated energy.
It has been found experimentally that the energy remained constant when the pulse was elongated

from 600ns to 1 ms.
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1. INTRODUCTION

In recent years, much attention has been focused on
realizing a diffuse atmospheric dielectric barrier dis-
charge (DBD), and on investigating DBD, in associ-
ated with its potential for use in plasma medicine,
surface treatment, plasma chemistry, etc. Many re-
searchers have shown that the diffuse mode of DBD
with two discharge peaks per one voltage pulse can
be ignited at low pressure, and even at atmospheric
pressure, in gases such as neon, argon and helium by
applying high voltage pulses with short durations to
the electrodes [T}, [2]. This increases the energy input
into the discharge. There is no power consumption
during the secondary discharge. At the same time,
the energy stored at the barrier after the primary
discharge is consumed.

As a rule, diffuse high-current DBD in atmospheric
air is realized by applying voltage pulses of submi-
crosecond duration to the electrodes. There have been
few studies on the influence of applying pulse width on
DBD behavior in the microsecond range. In previous
works, short bell-shaped pulses were used for initiating
diffuse DBD in air [3, 4]. Only one primary discharge

pulse was clearly observed when applying these pulses.
In our work, we present an experimental study, us-
ing a specially developed generator, of the influence
of the applied pulse width on DBD development in
atmospheric air.

2. EXPERIMENTAL SETUP

A special experimental setup was designed to generate
a volume DBD in atmospheric air (Figure [1)). Two
special semiconductor switches Sy and Sy [5l [6] were
used to supply DBD with rectangular voltage pulses
with varying parameters: amplitude from 0 to 16 kV,
pulse width from 600 ns to 1 ms, pulse repetition rates
1-3000 Hz. In addition, the rate of the rise of the
applied voltage can easily be changed by varying the
value of external resistor R;, thereby enabling the
DBD mode to be controlled [7, [§].

DBD was initiated in a 1 mm atmospheric air gap
(DG) under conditions of natural humidity of 40-60 %
between two plane-parallel aluminum electrodes, one
of which was covered by a 2 mm alumina ceramic plate
at a pulse repetition rate of 30 Hz. The desired pulse
width of the applied voltage was set by varying the
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FIGURE 1. Experimental setup for realizing and diagnosing DBD.
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FIGURE 3. Experimental (Vin, It) and calculated (Vgg, Ias) voltage and current traces of the volume diffuse DBD in

a 1 mm air gap.
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FIGURE 2. Equivalent circuit of DG.

time delay between triggering switches S; and S,. The
voltage applied to the electrodes (Vi,) was measured
using a Tektronics P6015A high-voltage probe, and
the total current in DG (I;) was measured through the
voltage drop at the 50 2 series low-inductance resistor
Rs. The voltage and current waveforms were displayed
on a LeCroy WaveRunner oscilloscope (bandwidth
1 GHz, sampling rate 10 GS/s). The measured traces
were the result of processing 1000 events.

60

3. CALCULATING THE ELECTRICAL AND
ENERGY CHARACTERISTICS
OF VOLUME DIFFUSE DBD
IN ATMOSPHERIC AIR

The voltage drop for different elements of the dis-
charge gap (DG), currents flowing through the circuit,
discharge and supply power were evaluated according
to the widely-used equivalent electrical circuit of the
capacitive divider (Figure [2).

The voltage applied to the electrodes V;, and the
total current in DG I, corresponding to the sum of
the displacement current I, (in the absence of a dis-
charge) and the conduction current Iys, are measured
experimentally. From this data it is easy to calculate
the voltage for the air gap Vg, and discharge current
Iygs.

The voltage drop of the air gap is found by sub-
tracting the voltage drop at the barrier V}, from the
applied voltage Vi, using the formula Vg, = Vin, — V%,
where W}, = C%, [ I, dt is the voltage at the barrier, I;
is the total current, and C}, is the capacitance of the
barrier.

The discharge current is calculated from the dif-
ference between the total current and the current
through the air capacitor C, in the absence of the
discharge: I4s = Iy — I,,, where C, is the capacitance
of the air gap. The current through the air capacitor
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FIGURE 4. Externally supplied power Psyp and discharge dissipated power Pys versus time, ¢, = 600 ns.
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FIGURE 5. Temporal dependences of discharge energy Fqs and the energy from the external source Esyp (Vin = 16 kV,

tp = 6001ns, h = 1 mm, air, alumina ceramic barrier).

is obtained by multiplying the air capacitance and
the time derivative of the voltage across the air gap,
ie,as I, = C, dggg. Then, knowing the discharge cur-
rent and the voltage at DG, the instantaneous power
dissipated in the discharge P45 can be calculated as
Pys = 14sVag. Hence by integrating over time we find
the discharge dissipated energy: Fgs = f Pysdt. The
energy transferred from the external circuit can be
estimated by the formula Eg,, = | Pypdt, where
Psup = I Vin.

4. RESULTS

Figure [3] presents typical voltage and current wave-
forms of the volume diffuse DBD at V;, = 16kV,
f=30Hz, Ry = 85€ and pulse width ¢, = 600ns.

As voltage Vi, applies to the electrodes of DG, cur-
rent Iy starts to flow through the circuit. Initially, this
current charges the equivalent capacitance of DBD,
which corresponds to a small hump at current trace
I;. When the voltage at the air gap Vi, exceeds the
breakdown value, the primary discharge ignites. This
looks like a sharp peak in the waveform.

The situation at the falling voltage edge is similar
to the picture at the rising edge. First, the capacity
of DBD is recharged, and then, when the breakdown
voltage is exceeded, a discharge appears in DG, i.e. in
the conduction current, corresponding the secondary

discharge pulse.

The time-dependences of the externally supplied
power Py, and the power dissipated in the discharge
Py are shown in Figure [4

Power comes from the external circuit (Pysyp) to
charge the equivalent capacitance of DBD and to
the discharge process (Pys). The secondary discharge
pulse appears without direct consumption of power
from the external source. This occurs due to the
charge stored at the surface of the barrier after the pri-
mary discharge passes. The secondary discharge pulse
leaves no charges on the barrier after it finishes. The
calculated energy released in the primary discharge
is about 1.8 mJ, and in the secondary discharge the
calculated energy release is 1.5 mJ (Figure [5)). Thus,
the energy released per one pulse in the volume diffuse
1mm DBD in air was ~ 3.3 mJ at the pulse width of
the applied voltage of 600 ns.

We recorded the voltage and current traces for dif-
ferent pulse widths in order to compare the discharges.
Figure [6] shows that with the elongation of the applied
voltage pulse from 600 ns to 1 ms the peak current of
the primary discharge remained constant at ~ 15 A,
but the peak current of the secondary discharge in-
creased slightly.

According to our experimental data, the charge
transferred during the secondary discharge is constant
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FIGURE 7. Current Iy and voltage Vg traces of the secondary discharge at different pulse widths.

with measured accuracy. We also consider the barrier
capacitance to be constant. This allows the voltage

at the barrier to be considered constant in t

discharge period of the pulse. The voltage appl

DG Vi, decreases due to the leakage current

circuit, thus having an influence on the gap vo

The growth of the secondary current pulse can

fore be explained by an increase in the gap voltage

amplitude with pulse elongation (Figure @
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The peak power of the primary discharge was about
150 + 15kW at any pulse width (Figure . The peak
power of the secondary discharge changed twice as
the pulse width increased from 600ns to 1ms. The
total discharge energy in the pulse remained the same
for any pulse width from the range. It was equal
to 3.3 £ 0.1mJ, where 1.8 mJ was dissipated in the
primary discharge, and 1.5 mJ was dissipated in the
secondary discharge.
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FIGURE 8. Peak discharge power (P; — primary discharge, P, — secondary discharge) versus pulse width.

5. SUMMARY

The volume diffuse DBD was realized in a 1 mm air
gap when supplying the DG with rectangular unipolar
voltage pulses 16 kV in amplitude, with a pulse repeti-
tion rate of 30 Hz at different pulse widths, from 600 ns
to 1ms. It was found experimentally that there was
no correlation between the pulse width of the applied
voltage and the energy dissipated in the discharge.
The total dissipated discharge energy per pulse was
about 3.3mJ. It was also found that the slump in the
applied voltage could cause an increase in the peak
power of the secondary discharge.
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