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ABSTRACT

An experimental study of dielectric barrier dis-
charge operated under a pulsed radiofrequency
(RF) regime is presented. Various systems are
compared in atmospheric pressure helium. The
effect of different power sources and different
matching networks on electrical and optical be-
haviour of the discharge are compared. Results are
analysed according to positive and negative feed-
back. Furthermore, optical diagnostic shows that
the region with the most dissipated energy varies
with the power sources and the electrode length.
Insights are given on the kind of discharges that
would be optimal for thin film coating.

1. INTRODUCTION

Low pressure plasmas are suitable for many in-
dustrial processes. However, the need for vacuum
systems significantly raises the cost of the overall
process and considerably complicates the manip-
ulation of the samples to be treated. A convenient
way to avoid these disadvantages is to use atmo-
spheric pressure plasmas. For example, it has been
shown that, using a dielectric barrier discharge
(DBD) at atmospheric pressure, silicium based
solar cells could reach the same efficiency than
those treated by the standard low pressure technics
[1]. For several applications, the chemical com-
position of the discharge requires a high degree
of homogeneity. An efficient way of achieving
such homogeneity is to operate the discharge at
high frequency and to modulate the power applied
to the plasma [1, 2]. This clearly necessitates a
better understanding of the physics governing at-
mospheric pressure discharges in such conditions.

Typically, in the radiofrequency range the use of
dielectric barriers is less common. However, the

use of dielectric barriers in a capacitively coupled
discharge was shown to be an efficient way to pre-
vent the glow to arc transition for important cur-
rent density [3, 4]; it also allows a good stability
of the discharge.

2. EXPERIMENTAL

Two plasma reactors are used for this experiment.
The discharge cell is a dielectric barrier discharge
with a gas flow going from the right to the left (see
fig. 1). Both reactors are coupled to a RF source;
the discharge gap is 2 mm and the electrode lenght
in the gas flow direction is 10 mm. The first power
system is made of an arbitrary waveform generator
(Agilent 33210A) with a broadband power ampli-
fier (Prana GN 500). It is coupled to the discharge
cell via an homemade transformer tuned around
4.23 MHz (plain line in fig. 1).
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Fig. 1. Simplified scheme of the setups. The gaz is flowing from
the right to the left. The length of the electrodes in the flow direc-
tion is 0.01 m. Plain line circuit is coupled to the discharge cell by a
transformer while the dashed line circuit is coupled by an automatic
matching network.

The second one is made of an industrial RF gen-
erator (Seren R 601) with an automatic matching
network (Seren AT-6). Therefore, the RF genera-
tor is coupled to the discharge cell via a "L" net-



work; the generator is fixed at a 13.56 MHz fre-
quency (dashed line in fig. 1). In both cases, cur-
rent measurement is made via a Rogowski coil on
the grounded electrode and voltage measurement
is made with an high voltage probe on the high
voltage electrode. Imaging and optical emission
spectroscopy are made through a quartz window
perpendicular to the gas flow (in the largest dimen-
sion of the discharge).

3. ELECTRICAL BEHAVIOUR

Using a 5ms pulse (100Hz @ 50%) in both gen-
erators, different profiles were observed for volt-
age and current measurements. These profiles are
shown in fig. 2. Using the homemade system,
while the current and the voltage are oscillating
at the radiofrequency, the enveloppe of the profile
is increasing gradually until a plateau is reached.
On the other hand, for the industrial system, the
envelope reaches a maximum and then falls back
onto a plateau. It is notable that for an increase of
the power, the negative slope is steeper and for a
greater gas gap, the difference between the plateau
and the maximum of the envelope is greater.
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Fig. 2. Voltage and current profiles for a) homemade and b) indus-
trial power systems. The first one shows a positive feedback while
the second one shows a negative feedback.

According to Huo et al. [5], the negative slope in
the industrial voltage-current profile at around 20
ws is due to a high value of the capacitance in se-
ries with the discharge cell. Assuming that

Pinjected 1t= Areagisen T= Cpl T, (D

an increase of the plasma capacity can lead to a
detuning of the network, thereby decreasing the
power of the discharge; whence the negative slope
in fig. 2b). Thus, this kind of negative feedback
can be usefull for growth of homogeneous thin
films since a fast rise of the injected power is
beneficial for a fast stabilisation of the chemical

species in the gas.
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Fig. 3. RMS current-voltage characteristic for both generators. In-
dustrial system is represented by the plain line and the homemade
system is represented by the dashed line. The industrial generator
curve shows a small negative differential resisitivity region before
the drop in power.

During the ignition phase of a pulse, there is an
evolution in the RMS values of voltage and cur-
rent. This evolution can be plotted in the current-
voltage characteristic curve of the discharge cell
(fig. 3). For the homemade system, the slope of
the characteristic is constant while for the indus-
trial system, there is a point at which the power
stops and falls back before a stabilisation. At the
inflexion, there is a small region of negative dif-
ferential resistivity. This region can be expanded
when the the power at the generator is increased.
As in the the characteristic curve of the DC dis-
charge, this region is unstable and can not sustain
a steady discharge [6].
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Fig. 4. Maximum voltage vs time-off using the industrial system.
Plain lines are for a gas gap of 3 mm while dashed lines are for 1 mm.
Measurement for various gas flow between 1.67 x 10~° m3/s and
5.00 x 1075 m3/s.

Fig. 4 shows the evolution of the maximum value
of voltage during a pulse using the industrial sys-
tem. Knowing that the current features the same
behaviour, it is interesting to note that more power
is injected in the discharge for long time-off. This
tells us that a long time-off is optimal for inject-
ing a large amount of energy in the gas during
the ignition of the plasma which might be useful
to rapidly stabilize the chemistry of the discharge.



It is also interesting to note that the voltage does
not follow a monotonic evolution when the time-
on varies from the millisecond to the second range
(unlike voltage evolution with time-off).

4. FAST IMAGING

By injecting more power in the discharge, gas
heating can become significant.  Overheating
might be problematic for the substrate or the dis-
charge dynamics. The use of long time-off mod-
ulation is a good way to avoid heating of the gas.
Fast imaging of a 5ms pulse generated by the
homemade system is shown in fig. 5. The image
shows a serie of pictures taken with a gate width
of 1 s integrated on the discharge length in the
gas flow direction.
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Fig. 5. Evolution of the light emission profile across the gap for I ps
gate width pictures. This represents the first 100 us of the discharge
ignition for the homemade generator system at low power.

All along the discharge pulse, the light emission
intensity is concentrated in the center of the gap.
This is typical of the a-mode of a capacitively
coupled discharge at atmospheric pressure [7, 8].
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Fig. 6. Evolution of the light emission profile across the gap for a
gate width of a) 1 s, b) 10 us and c¢) 100 us. Pictures where taken
for the ignition and the whole pulse. The plasma was generated with
the industrial system at low power.

On the other hand, for the industrial system, the re-
sulting imagery is given in fig. 6. During a pulse,
the intensity profile shows different discharge be-

haviours depending on the time scale. In figure
6a), between 10 and 20 us, the light emission is
concentrated in the center, which is typical of the
a-mode. The same behaviour is observed in figure
6¢) after 1 ms; this is also the time it takes for the
discharge to become homogenous in light emis-
sion. However, in the 20 us to ~1 ms interval, the
light emission is concentrated closer to the elec-
trodes.

It is interesting to compare the time evolution of
the integrated light emission. As it is shown in fig-
ure 7, the light emission starts at the maximum of
voltage intensity. Hence, it becomes clear that it
is the plasma ignition that is producing the voltage
drop when the plasma modifies the capacity of the

gas gap.
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Fig. 7. Correlation of the voltage and maximum integrated light in-
tensity for a pulse generated with the industrial system at low power.
The tuning of the RF network with the discharge
cell seems to be the key parameter to control the
discharge behaviour. At the us level, the indus-
trial system transfer a power burst to the plasma
leading to a transition in the concentration of light
emission. For low power discharge, imagery with
a long time integration indicates a concentration
of the light emission in the bulk as for the home-
made system. In addition, even for the homemade
system, it seems possible to concentrate the light
emission near the electrode when the frequency is
suitably tuned to match the transformer’s and the
discharge cell’s impedance.

S. OPTICAL EMISSION SPECTROSCOPY

Optical emission spectroscopy has also been used
to investigate the electrical discharge. Fig. 8
shows three optical emission spectra taken with
20 ps gate width. The lower one corresponds to



the first 20 s of the discharge while the two oth-
ers correspond to the 20 subsequent ps. In these
spectra, the He line (*S — 3P) is relatively small
compared to most molecular bands. This is due
to the high energy level of th 1s3s configuration
(22.7 eV). This energy level is harder to popu-
late with the low quantity of energetic species dis-
charge ignition. Furthermore, every atomic line
grows proportionally between the spectra. How-
ever, both OH molecular bands around 300 nm
grow faster during the ignition phase. This might
be an indication of the presence of long-lived
species between two pulses.
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Fig. 8. Evolution of spectral emission for different times in the dis-
charge. Bottom spectrum is for the first 20 ps of the pulse, middle
spectrum is between 20 s and 40 ps and the top spectrum is be-
tween 40 ps and 60 s (all with 20 pus gate with). These spectra
were taken using the industrial system with a 25 ms time-off.

There is also a continuum in the optical spectral
region. This continuum is more prominent with
longer gate width and appears with both generator
systems. In similar discharges in helium, this have
been identify as a bremstralung continuum [9].

6. CONCLUSION

Both power generators, the industrial system with
the automatic matching network and the home-
made system with the waveform generator and the
power amplifier, were proven to be useful to gen-
erate pulsed glow discharge with a dielectric bar-
rier discharge in the radiofrequency range. While
the homemade system generates a stable glow dis-
charge rapidly reaching a steady state, the indus-
trial system was proven useful to produce a power
burst during the ignition and a negative feedback.
Optical diagnostic shows that the region with the
most dissipated energy can vary along the pulse
when using the industrial system.
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