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Frequency Range of Stable Dielectric-Barrier
Discharges in Atmospheric He and N2
Xu Tao Deng, Student Member, IEEE, and Michael G. Kong, Senior Member, IEEE

Abstract—While there have been extensive studies of nonthermal
atmospheric dielectric-barrier discharges (DBD), many key facets
of their characteristics remain to be unraveled before their full
understanding is achieved. One of the missing pieces in our current knowledge is the dependence of stable DBD production upon
temporal characteristics of the applied voltage such as excitation
frequency. In this contribution, we report a numerical investigation of the frequency range for the generation of stable DBD and
that of likely mechanisms for disruption of DBD stability. We show
that when the excitation frequency is too low, an irreversibly large
mismatch of the rise-time occurs between the applied voltage and
the memory voltage. It is demonstrated that this mismatch results
in a rapid suppression of the gas voltage and as such, the generated DBD is quenched prematurely. Also, it is shown that when the
excitation frequency is too high, most electrons produced in the
plasma bulk become trapped in the interelectrode gap and are unable to reach the electrodes. As a result, the gas voltage increases
without being contained adequately by a sizeable memory voltage.
Again, this leads to premature plasma quenching. These observations highlight the importance of the dynamic balance between the
applied voltage and the memory voltage in dielectric-barrier discharges. We compare the above issues in both a helium DBD and
a nitrogen DBD and report that our findings of the two stability
disruption mechanisms are generic in different DBD systems.
Index Terms—Atmospheric pressure nonthermal plasmas, frequency mechanisms, gas discharge, plasma modeling, stability.

I. INTRODUCTION

N

ONTHERMAL atmospheric glow discharges have recently become an important subject of plasma research
due to their increasing applications in key areas of material
processing, biological decontamination, and pollution control
[1], [2]. One such nonthermal atmospheric plasma is the dielectric-barrier discharges (DBD), generated between dielectrically
insulated electrodes and typically at audio frequencies. The
role of the dielectric coatings on the electrodes is to allow
electrons to accumulate dynamically on the electrodes and,
as such, to allow the accumulating electrons to form an opposing electric field to the applied field in each half cycle of
the latter [3]–[7]. This opposing field is crucial in preventing
glow-to-arc transition that is often inevitable at atmospheric
pressure. Experimental and numerical studies of DBD have
so far established their current-voltage characteristics, plasma
dynamics, and density range of charged particles [3]–[7]. Some
aspects of plasma chemistry are also examined by investigating,
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for example, the effect of a small nitrogen content in predominantly helium plasmas [3], [7]. These studies are particularly
important in advancing the current knowledge of atmospheric
dielectric-barrier discharges. Yet, an in-depth understanding
of the fundamental plasma processes in the generation and
operation of stable atmospheric DBD is still far from complete.
One of the missing pieces in a full understanding of atmospheric DBD is the dependence of their stable production
upon temporal characteristics of the applied voltage such as
excitation frequency and waveform [5]–[7]. A sound understanding of this correlation will offer valuable insight into the
fundamental mechanisms of stable DBD generation. It will
also establish the frequency range in which atmospheric DBDs
are most stable and hence most appropriate for wide-ranging
applications. Although stable atmospheric DBD have been generated experimentally at different and discrete frequencies of
sinusoidal excitation [5], [6], a generic frequency dependence
of stable DBD generation enables a capability of significant
practical implications. For example, it will allow informed
choice of power sources from commercial products for DBD
production and facilitate design considerations for optimized
and future power sources. Ultimately, this generic dependence
will contribute to system optimization of atmospheric dielectric-barrier discharge equipment with tailored characteristics
for DBD dynamics and for power source matching.
An experimental study of the frequency range of stable DBD
requires either many fixed-frequency power sources or several
less-optimized variable-frequency sources to cover as wide a
frequency range as possible. This is an expensive approach particularly because the targeted frequency range is unknown at
the outset of such study and multiple power sources have to be
sourced. In this contribution, we use a recently developed computer code [7] to establish numerically the frequency range for
the generation of stable DBD and to explore likely mechanisms
for disruption of DBD stability. It will be shown that at a too
low excitation frequency accumulating electrons on the dielectric coatings set up too quickly the opposing electric field and,
as such, overly suppress the growth of the applied voltage. This
results in a premature quenching of atmospheric DBD. When
the excitation frequency is too high on the other hand, electrons
generated in the plasma bulk become trapped within the interelectrode space and, as such, are unable to reach the electrodes
to form the necessary opposing electric field. Similarly, this also
disrupts the stability of the DBD and leads to plasma quenching.
We investigate the above issues for two different atmospheric dielectric-barrier discharges; namely impure helium DBD (helium
mixed with a fraction of nitrogen) and pure nitrogen DBD. The
comparison of results for these two different DBD will establish
whether our results are generic with different plasma chemistry
in action.
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II. NUMERICAL MODEL
Atmospheric dielectric-barrier discharges are generated
between two dielectrically coated parallel-plate electrodes and
usually with a sinusoidal excitation voltage. To date, their
numerical simulation has been based on hydrodynamic models
that assume equilibrium between electrons and the local electric
field [3], [6], [7]. Whereas electrons may not always be in equilibrium with the local electric field in parts of the interelectrode
space (such as cathode sheath), hydrodynamic models have
accurately predicted the experimentally measured discharge
current and voltage [3], [7]. Therefore, they are realistic tools to
study atmospheric DBD and this is confirmed recently through
a comparison between hydrodynamic models and a kinetic
model for atmospheric dc glow discharges [8]. For this reason,
a hydrodynamic model will be used for our study here.
We will give only a brief introduction to our hydrodynamic
model here since its details are provided elsewhere [7]. The
ionized gas of atmospheric DBD is treated as a fluid whose
dynamics is in principle governed by Boltzmann’s equations
describing species density, momentum, and energy conservation. Because of the short energy relaxation time of electrons
in atmospheric-pressure discharges, the local field approximation is used [9]. Under this hydrodynamic approximation, the
energy transfer equations for electrons and ions are ignored,
thus simplifying the model to have only the continuity and
momentum transfer equations. As a result, the transport parameters can be expressed as a function of the reduced local
, only [3], [6]–[9]. The electric field in
electric field,
the space between two electrodes has two components: one
induced by the externally applied voltage and the other by
space charges. Poison’s equation is then added for the calculation of the electric field, and the numerical algorithm used to
solve this set of equations is essentially based on the Patankar
scheme [10]. Our numerical model is one-dimensional and
accounts for spatial variation in the direction of the electrode
axis (e.g., perpendicular to the electrode surface). Also, it assumes spatial uniformity in any direction that is parallel to
the two electrodes.
For atmospheric DBD in helium mixed with a small amount
of nitrogen (say 0.5%), Penning ionization is important [3],
[7]. To this end, our model considers 9 species; namely
, molecular helium ions
electrons, atomic helium ions
, molecular nitrogen ions
, atomic helium metastaand
), molecular helium metastables
bles (
, and two ground-state neutral species He atoms and
molecules. The reactions among these species include
direct ionization, excitation, de-excitation, Penning ionization,
stepwise ionization, charge transfer, and recombination [7].
Furthermore, we consider secondary electron emission from
the two electrodes caused by ion bombardment. In literature,
the secondary emission rate for helium ions varies from 0.01
[11], [12] to 0.2 [9], [13] depending on bombarding species
and electrode properties. For this study, we choose 0.1 as
a representative figure [14]. The breakdown voltage can be
calculated from
(1)

where and are respectively Townsend’s first and second ionization coefficients (or secondary electron emission rate). For
helium, is given by [13]
(2)
where

and
. So across a helium
gap of 0.5 cm the breakdown voltage is 1737 V, higher than
experimental breakdown voltage of 1550 V [3].
The reactor considered here for helium DBD consists of two
round parallel-plate electrodes of 2 cm radius and with a separation distance of 0.5 cm. Each electrode is coated with one
thin layer of alumina of 0.06 cm thick, and we choose the relative permittivity for alumina to be 9 in our model. An external
sinusoidal voltage source of 2 kV peak and 30 kHz is applied
to the plasma reactor, and at 0.5% nitrogen content, the current and voltage characteristics of a helium-nitrogen discharge
are shown in Fig. 1. This is very similar to that obtained in a
comparable experiment [3]. It is clear from Fig. 1 that the atmospheric DBD is characterized by one current peak every half
cycle of the voltage excitation, and the obvious periodicity of the
current and voltage traces suggests that the generated plasma is
temporally stable and repetitive. The discharge current density
for the helium discharge, not dissimilar to
is about 9
7.2
measured in a comparable helium DBD experiment using a 10 kHz sinusoidal excitation voltage of 1.5 kV
peak [3].
In the case of atmospheric DBD in pure nitrogen, we
consider ionization, excitation, stepwise ionization, charge
transfer, ionic conversions, and recombination. Our model
includes 11 species; namely electrons, atomic nitrogen ions
, molecular nitrogen ions ( ,
, and
), molecular
,
,
,
nitrogen metastables (
), and two ground state neutral species N atoms and
molecules. Secondary emission rate is set to 0.01 for
nitrogen [9] and Townsend ionization is [9]
(3)
and
is greater than 100
. Otherwise,
and
. The diameter
of the parallel-plate electrodes is 1.5 cm and the electrode
separation distance is 0.2 cm. The alumina coating on both
electrodes is 0.015 cm thick. These geometrical parameters
are necessarily different from those for helium DBD to better
match the breakdown characteristics of nitrogen. The transport
parameters are identical to those used in [15]. Fig. 2 shows the
current and voltage traces of stable nitrogen discharge with
a 80 kHz applied voltage source of 6.5 kV. The discharge
, higher than
current density is approximately 300
that of the helium DBD. This is due to high external electric
field and high reaction rates of the nitrogen DBD. Figs. 1
and 2 illustrate the typical current-voltage characteristics of
stable DBD generated in atmospheric helium and nitrogen,
respectively, when the excitation frequency is appropriately
chosen. Now we investigate how current-voltage characteristics

where
when

Authorized licensed use limited to: LOUGHBOROUGH UNIVERSITY. Downloaded on August 26, 2009 at 09:23 from IEEE Xplore. Restrictions apply.

DENG AND KONG: FREQUENCY RANGE OF STABLE DIELECTRIC-BARRIER DISCHARGES

Fig. 1. Current and voltage characteristics of a helium-nitrogen DBD with
30 kHz sinusoidal excitation. The gas voltage is shown in the solid curve, the
discharge current in the dashed curve, and the applied voltage in the dotted
curve.
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Fig. 2. Current and voltage characteristics of a nitrogen DBD with a 80 kHz
sinusoidal excitation. The gas voltage is shown in the solid curve, the discharge
current in the dashed curve, and the applied voltage in the dotted curve.

deviate from that in Figs. 1 and 2 when the excitation frequency
is increased or decreased.
III. FREQUENCY RANGE OF STABLE DBD GENERATION
A. Controlling Processes for Plasma Stability
To a large extent, the stable state of a glow discharge depends
on fundamental processes that control electron production, removal, and spatial transfer. In the stable state, the production
and loss processes of a gas discharge work together to achieve
a dynamic balance in which the discharge has an obvious periodic characteristic. For atmospheric DBD, the memory voltage,
, across the two dielectric layers is central to this dynamic
balance. It is induced by charge accumulation on the dielectrically coated electrodes and the charge accumulation is the result
of ionization which occurred in the past. In other words,
“memorizes” the previous discharge events. The dynamic balance of electron density in atmospheric DBD is critically related
, across
to the balance between the applied voltage, , and
the two dielectric layers because they collectively determine the
gas voltage
(4)
that controls directly electron production and plasma quenching.
increases
until the
Before a discharge event, the rise of
latter reaches the gas breakdown voltage resulting in significant electron production. Afterwards, the produced electrons
toward the momentary anode, thus reversing
are driven by
the polarity of the initial memory voltage and eventually inin the direction that opposes to
creasing the magnitude of
that of [3], [7]. As a result, a simultaneous rise of the applied
relatively unchanged
voltage and the memory voltage keeps
yet above the breakdown voltage for a sustained period of gas
discharge. For dielectric-barrier discharges, the dynamic balance between the applied voltage and the memory voltage is
particularly important.

Fig. 3. Current and voltage characteristics of a helium–nitrogen DBD with
a 5.1 kHz sinusoidal excitation. The gas voltage is shown in the solid curve,
the discharge current in the dashed curve, and the applied voltage in the dotted
curve.

When our numerical model is used to study current–voltage
characteristics of the helium DBD with decreasing excitation
frequency, the usual pattern of one discharge current peak every
half-cycle in Fig. 1 gradually evolves to a new pattern of one
current peak every one cycle and the peak value of the discharge
current is also reduced. This change is illustrated with a 5.1 helium DBD in Fig. 3 where the discharge current peaks only in
the negative half cycles of the applied voltage and its peak value
is smaller. These observations suggest weakened electron production. During positive half cycles many small spikes are also
observed on the current trace and again their small magnitude
suggests the absence of significant electron production during
positive half cycles. It is therefore evident that electron production is weakened at 5.1 kHz and may not be able to balance
electron losses in the helium DBD. Indeed, when the excitation
frequency is further reduced to below 5 kHz, stable helium DBD
with temporally repetitive discharge current cannot be produced
and the initial plasma is quenched within the first few cycles of
excitation.
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Fig. 4. Current and voltage characteristics of a helium-nitrogen DBD with
a 100 kHz sinusoidal excitation. The gas voltage is shown in the solid curve,
the discharge current in the dashed curve, and the applied voltage in the dotted
curve.

On the other hand, if the excitation frequency is increased
from 30 kHz (see Fig. 1), the discharge current peaks in the negative half cycles of the excitation voltage reduce gradually and
disappear eventually. This is illustrated with a 90 kHz helium
DBD in Fig. 4. Interestingly the maximum discharge current in
the 90 kHz case is higher than that in the 30 kHz case. For the
helium DBD considered, the maximum excitation frequency for
stable plasma production is 100 kHz. Therefore, the frequency
range for the stable helium DBD is between 5 kHz and 100 kHz.
It should be noted that this frequency range is specific to the geometrical parameters of the plasma rig and the nitrogen content
(e.g., 0.5%) and as such should not be generalized. However,
with different geometrical parameters and nitrogen contents, dynamic features of discharge current and voltage at the two ends
of the frequency range are very similar to that in Figs. 3 and 4.
B. Stability Disruption Mechanism at Low Frequencies
To unravel the reason why the helium DBD becomes unstable
at frequencies below 5 kHz, it is useful to examine the time
scale of electron charging of the dielectric coatings and that of
the rise of the excitation voltage. These two timescales have to
be comparable such that the memory voltage and the applied
voltage are dynamically balanced to keep the gas voltage above
the breakdown voltage. Electrons produced in the plasma bulk
are driven to the momentary anode at the drift velocity, .
In helium, the electron mobility is
with
being the gas pressure [9] and the maximum gas voltage
in the 5.1 kHz case is approximately 1.7 kV (see Fig. 3).
Therefore, the rms electric field over the 0.5 cm helium gap is
giving
.
for an electron to travel from
So it will take
the cathode to the anode. Essentially, this is the timescale
required for free electrons produced in the plasma bulk to
sufficiently charge the dielectric coating of the electrodes in
every half cycle of the excitation voltage. In turn, this is crucial
for forming a substantial opposing electric field to control the
rise of the applied voltage in the subsequent half cycle. It is
desirable that the applied voltage rises at roughly the same

Fig. 5. The applied voltage, the memory voltage, the gas voltage and the
discharge current as a function of time normalized to the electron drift time
(
= 158 ns) at 5.1 kHz.

1t

speed as that of electron charging of the electrodes, since
and
is particularly useful in
the simultaneous rise of
keeping the gas voltage constant yet above the breakdown
as a measure of the
voltage according to (4). If we use
rise-time of the applied voltage with
being its repetition
at 5 kHz. In other words,
period, this rise-time is about 50
the rise of the applied voltage is more than 300 times slower
than the rise of the memory voltage. As a result, [and according
to (4)], the gas voltage is above the breakdown voltage only
briefly after which the much faster rise of the memory voltage
reduces it rapidly to below the breakdown voltage. To confirm
this, the applied and memory voltages are plotted in Fig. 5
over a short time-span around a discharge event. It is clear
that the applied voltage rises much slower than the memory
voltage thus leading to a rapid reduction of the gas voltage.
The timescale mismatch of more than 300 times between the
applied voltage and the memory voltage is very significant
and it leads to a premature and permanent quenching of the
helium DBD. The resulted reduction in electron production
in turn disrupts the balance between electron production and
loss for subsequent cycles of the excitation voltage. Below
5 kHz, this unbalancing becomes irreversible and makes it
impossible to generate a stable DBD.
C. Stability Disruption Mechanism at High Frequencies
When the excitation frequency is too high, it is possible that
electrons produced in the plasma bulk are trapped between the
two electrodes by the fast oscillating electric field of the applied
voltage. Under such circumstances, most electrons cannot reach
the electrodes and so they are unable to alter the memory voltage
adequately. As a result, the memory voltage remains relatively
unchanged and is unable to maintain a dynamic balance with
the applied voltage [see (4)].
To evaluate this hypothesis, we consider electron oscillation
under a sinusoidal electric field. If the excursion of most electrons from the midpoint between the two electrodes is less than
half of the interelectrode distance, they will be unable to adequately charge the dielectrically coated electrodes and so the
memory voltage cannot maintain a dynamic balance with the
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applied voltage for repetitive and stable generation of DBD. To
this end, we estimate the oscillation amplitude of a charged particle in discharge plasma as [16]
(5)
where is the electron charge, mass of the charged particle,
the electric field across the helium gap, the radian frequency of the applied voltage, the separation distance between
the collision frequency.
is
two electrodes, and
the plasma frequency given by
(6)
Here,
is the electron density spatially averaged across
the interelectrode gap. Electron mobility in helium is
[9] and the gas pressure
for our simulation. So the collision frequency of
electrons is
. For helium
and the collision frequency is
ions,
[2]. It is interesting to note that (5) is similar to
the rms displacement of charged particles formulated in [2]
(7)
if
. We have performed a number
of numerical simulations for the helium DBD and found that
is not true for electrons under atmospheric pressure. For example, if we assume
and
,
. At 100 kHz,
. Therefore, (5) should be used instead of (7).
Although (5) is derived for sinusoidal voltage and the gas
voltage is not strictly sinusoidal (see Fig. 1), we use it as an
approximation to estimate the amount of electron excursion
. At 100 kHz, the peak gas voltage is
normalized to
approximately 2 kV and so the peak electric field
. With this, (5) is solved for
and the results are shown in Fig. 6. For an electron located
initially at the midpoint of the interelectrode space, Fig. 6
suggests that its excursion distance decreases with increasing
is less than 0.5
excitation frequency. At 100 kHz,
suggesting that the electron travels at most a quarter of the
interelectrode distance during one half cycle. In other words,
it is unlikely to reach the dielectrically coated electrodes. This
supports strongly the hypothesis that the stability of atmospheric
DBD is disrupted by electron trapping. Further evidence is
found in the spatial distribution of the electron density at 100
kHz, which peaks in the central region of the interelectrode
space for a very large portion of each cycle.
It is useful to compare the stability disruption mechanisms at
both the low and the high frequency ends. At the low frequency
end (5 kHz), the plasma stability is disrupted because the applied
voltage increases too slowly with respect to the electron charging
time of the dielectrically coated electrodes. This mismatched
timescale causes the gas voltage to be reduced too quickly

Fig. 6. Frequency dependence of the electron excursion distance normalized
to half of the interelectrode distance.

leading to a premature plasma quenching. On the other hand,
at the high frequency end (100 kHz) , most electrons produced
in the plasma bulk are trapped and cannot reach the electrodes.
As a result, the memory voltage is not increased sufficiently
to counteract the rise of the applied voltage and to control
the growth of the gas voltage [see (4)]. Although the specific
reasons differ, both situations are associated with disruption
of the dynamic balance between the applied voltage and the
memory voltage. These plasma stability disruption mechanisms
are specific for dielectric-barrier discharges, and may not be
applicable to other nonthermal atmospheric discharges that do
not rely on dielectrically coated electrodes such as RF and
microwave atmospheric plasmas [17], [18].
D. Plasma Stability Disruption in Nitrogen DBD
We perform similar numerical simulations for the pure
nitrogen dielectric-barrier discharge described in Section III-A.
The frequency range of plasma stability for this pure nitrogen
DBD is found to be between 2 kHz and 705 kHz. It is also
found that plasma stability disruption mechanisms are of the
same nature in the nitrogen DBD as that in the helium DBD.
One of the reasons why the nitrogen DBD has a much higher
upper frequency bound is the much larger gas voltage and
hence a greater electric field across the nitrogen gap. As shown
in Fig. 2, the peak gas voltage is around 5.3 kV and so the
maximum electric field is 26.5 kV/cm over the 0.2 cm nitrogen
gap. In the case of the helium DBD, the peak gas voltage is
1.7 kV and the maximum electric field is 3.4 kV/cm across the
0.5 cm helium gap. Therefore, the electric field in the nitrogen
DBD is almost 8 times that in the helium DBD. This larger
electric field is important to drive electrons onto the electrodes
at high frequencies and is largely responsible for the higher
upper frequency bound in the nitrogen DBD.
E. Effects of Geometrical Parameters and Plasma Chemistry
There are at least three key geometrical parameters that affect
discharge dynamics significantly, and they are: 1) the electrode
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Fig. 7.

Lower and upper frequency bounds at different barrier capacitance.

diameter, 2) the thickness of the dielectric barrier, and 3) permittivity of the dielectric barrier. Since our numerical code is
one-dimensional, the effect of the electrode diameter cannot
be explored adequately. Our experimental work shows that the
electrode diameter can affect crucially the uniformity of the generated plasma and indeed its glow-to-arc transition [19]. However, multi-dimensional simulation must be performed before
one can understand how the electrode diameter may affect the
lower and upper frequency bounds. One the other hand, numerical examples suggest that both the thickness and permittivity
of the dielectric barrier affect the lower and upper frequency
bounds. Interestingly, their effects are well represented by that
of the barrier capacitance on the lower and upper frequencies
as shown in Fig. 7. As the barrier capacitance increases, either
through increase in permittivity or through reduction in barrier
thickness, the upper frequency decreases while the lower frequency changes little.
We have already established that the upper frequency bound
is due to electron trapping. In other words, the applied voltage
must vary sufficiently slowly to allow for an adequate portion
of free electrons in the plasma bulk to reach the dielectrically
coated anode such that these electrons can then cause sufficient change in the memory voltage for future ionization. When
the barrier capacitance increases, more electrons are needed in
order to induce the same change in the memory voltage because
. To allow for more electrons to reach the instantaneous anode, the applied voltage has to vary more slowly.
Therefore, the upper frequency reduces as the barrier capacitance increases. On the other hand, the lower frequency bound
is due to the mismatch between the electron drift time and the
half period of the applied voltage. These two parameters are not
affected by the barrier capacitance and therefore, the lower frequency remains relatively unchanged.
Another obvious geometrical parameter is the electrode gap
distance. Numerical examples suggest that as the electrode gap
increases both the lower frequency and upper frequency bounds
decrease. At low frequencies, a larger electrode gap increases
the electron drift time and so the applied voltage can vary more
slowly without causing too much mismatch between its half period and the electron drift velocity. In other words the lower frequency bound becomes smaller. At high frequencies, a larger

Fig. 8. Dependence of the lower and upper frequency bounds on the nitrogen
percentage in the gas mixture of the helium DBD.

electrode gap makes it easier to trap electrons at any given frequency and as such the upper frequency bound must decrease to
avoid too much electron trapping.
To explore the effect of plasma chemistry, we note that both
the lower and the upper frequency bounds are extended when the
background gas is changed from helium-nitrogen to nitrogen.
Also, we simulate the helium DBD with the nitrogen content
between 0.05% and 0.5%, and find that both the lower and the
upper frequency bounds change markedly as shown in Fig. 8.
As the nitrogen content increases, the Penning ionization is progressively enhanced [7] as confirmed numerically by increment
of the electric field. At low frequencies, the increase of the electric field from 3.7 kV/cm at 0.3% nitrogen to 4.9 kV/cm at 0.5%
nitrogen accelerates the electron drift toward the instantaneous
anode and as a result the applied voltage must change faster in
order to react to the change of the memory voltage. Therefore,
the lower frequency bound increases as the nitrogen content increases and this is shown in Fig. 8(a). At high frequencies on the
other hand, the increase of the electric field from 3.6 kV/cm at
0.3% nitrogen content to 4.6 kV/cm increases the electron displacement [see (7)] and as such relieve the degree of electron
trapping. This in turn, allows for an increase in the upper frequency bound, as clearly suggested in Fig. 8(b). It is therefore
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evident that plasma chemistry impacts significantly on the specific range of the excitation frequency for plasma stability.
IV. CONCLUSION
Plasma stability of nonthermal atmospheric dielectric-barrier
discharges has been studied under different frequencies of sinusoidal excitation. Through numerical simulation, it was shown
that the frequency range of plasma stability is from 5 kHz to
100 kHz for a helium-nitrogen DBD and from 2 kHz to 705 kHz
for a pure nitrogen DBD. Stability disruption mechanisms were
also studied for these two atmospheric DBD. It was found that
the mismatch of the rise time between the memory voltage and
the applied voltage became irreversibly too large when the excitation frequency was too low (5 kHz for the helium DBD and
2 kHz for the nitrogen DBD). This mismatch leads to a too-large
memory voltage compared to the applied voltage, and as such
the gas voltage is rapidly reduced leading to a premature plasma
quenching. On the other hand, electrons produced in the plasma
bulk became trapped in the interelectrode gap without being
able to reach the electrodes if the excitation frequency was too
high. As a result, the memory voltage increases little and is unable to maintain a dynamic balance with the applied voltage.
This also leads to premature plasma quenching. These two stability disruption mechanisms were confirmed for both the helium DBD and the nitrogen DBD, and are therefore generic.
They offer additional insight into the fundamental mechanisms
for stable generation and operation of atmospheric glow discharges particularly nonthermal atmospheric DBD. In addition,
the frequency range established for plasma stability will allow
informed choice of power sources from commercial products
for DBD production and facilitate design considerations for optimized and future power sources. Ultimately, this generic dependence will contribute to system optimization of atmospheric
dielectric-barrier discharge devices with tailored characteristics
for DBD dynamics and for power source matching.
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