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Two types of dielectric barrier discharge (DBD) powering principles were compared in this study. The variable
autotransformer (sinusoidal shaped voltage) and the semiconductor H-bridge converter generating pulse width mod-
ulation (PWM, square wave shaped voltage) were used as a voltage source. Differences were found in the discharge
current waveforms. Powering the DBD by PWM provides promising features for plasma application.

PACS: 52.80.-s, 52.80.Hc, 84.32.-y, 52.38.Hb, 84.30.Jc

INTRODUCTION

Electrical discharges as sources of plasma have been
for more then hundred years in the scope of scientists
and engineers. The power sources construction depends
on the character of the discharge; whether it is pulse or
continuous one; whether it is powered by direct or alter-
nate voltage. Nowadays, the power electronics offers
many opportunities how to control the discharge by
setting the frequency, shape and amplitude of the volt-
age or current temporal evolution. Until now the power
electronics was mostly used to control electric drives.
There are many methods how to generate the voltage
[1], [2]. This know-how is a good start point for behav-
ior of the discharge active control.

1. POWER PART AND CONTROL

There are many converter topologies that can be used
to generate a voltage with sinusoidal shape. However
when we also consider requirement of high voltage for
feeding the discharge on the output of the converter,
then as a simplest solution comes the H-bridge inverter
made of four transistors T,...T4 [3] and a high voltage
transformer (HVT) with input/output voltage 0.1/35 kV
(Fig. 1). The converter is supplied from a DC source
with constant voltage upc and the converter’s output
voltage is given by the means of transistor switching.

Fig. 1. Proposed HW configuration

On the output of the converter can be either upc: (T,
and T, on) or upc_ (T3 and T4 on). Duration of the pulse
corresponds to the average value of the voltage
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The temporal dependence u(¢) has square wave shape
with amplitude of upc. for £,<0, f,,> and upc_ for £,<t,,
T>, therefore we can rewrite (1) into

Tout = () dt

246

] r"“ l;"" 3 f‘l]! A
Hout = ,1—1(/0 upc+(t) dt + [f“:r[;c_(t}dt) = f”'nm' (2)

The average value of the voltage uqy, (2) during one
switching period 7y can be easily controlled by the
length of ¢#,,. Output voltage with sinusoidal shape can
be produced by slow changing of the pulse widths com-
pared to the frequency of transistor switching. This
principle is well known as the pulse width modula-
tion (PWM).
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Fig. 2. The PWM principle

Formerly such a modulator was realized with a help
of analogue elements by the means of comparing of a
sinusoidal reference u, with a triangular carrier ugy,
mostly in operational amplifier (Fig. 2). Such a modula-
tor can be easily realized. However, the analogue com-
ponents suffer the aging. Also effort to change modula-
tor values causes change of the circuit components.
Therefore digital realizations of the modulators come to
the forefront.
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Fig. 3. The PWM modulator in the FPGA principle
Recently the Field Programmable Gate Arrays
(FPGA) are very popular as the modulators. FPGA con-

tain approx. 10’ logic cells that can be configured to
behave like analogue circuit. Moreover they are easily
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reprogrammable. The modulator parameters can be
simply changed and also offers possibility to work with
greater resolution and frequency of the output signal in
comparison with the analogue realization. Triangular
carrier is therefore replaced by free running counter and
sine wave reference is replaced by threshold value.
Therefore the threshold value must be calculated in each
sampling period by superset controller (Fig. 3).

For our converter we decided to choose configura-
tion of products offered by RTD company. Superset
controller was realized by PC 400 MHz with specially
modified DOS operating system. It enabled real time
execution of control algorithm. Next part — the software
modulator — was a board with FPGA Xilinx Spartan II.
The boards communicated via PC104 bus. Switching
frequency of the modulator was 20 kHz. It enabled to
generate output sinusoidal voltage with frequency in
range of 1 Hz to 2 kHz. This range is suitable to study
discharge behavior.

2. PHYSICAL APPLICATION

Characteristic temporal intervals of discharge form-
ing processes at atmospheric pressure plasmas are in
order of 10*s [4]. An occurrence of such rapid phe-
nomena in most electrical circuits leads to involve cur-
rent/voltage oscillations; especially in circuit designed
for DC or low frequency powering. Electric discharge
ignites by reaching the critical value of the outer feeding
voltage, breakdown electrical intensity value respec-
tively; the ignition is given by discharge space condi-
tions as well. However, precise quantification and pre-
diction of discharge ignition time consequent only on
outer conditions isn’t usually easy; in many cases it is
impossible at all.

Dielectric barrier discharge (DBD) in filamentary
mode was chosen as typical load characterized by both
low amplitude current noise and high amplitude ul-
trafast current peaks caused by filaments and sparks
occurring in the discharge region. A DBD reactor made
in “spike set — plane” configuration with isolated plane
(barrier made of 0.1 mm thick polyethylene terephta-
late) was used (similar reactor was used for polyethyl-
ene powder surface modification [5], seed treatment [6]
etc.). The electrode system was powered by the HVT
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Fig. 4. 50 Hz sine powering
(2% period view, time range of 500 ms)

In cases above, there was used sinusoidal 50 Hz vol-
tage, which was taken as a reference (Fig. 4). Typically,
given by capacitive phase shift, in rise of the voltage,
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there appeared short current peaks with hundreds mA in
amplitude.

Trying to feed the VMT in a way getting same or at
least similar output high voltage to voltage given by con-
ventional way (i.e. VMT powered by variable autotrans-
former), we decided to use powering based on the PWM.
By contrast to sinusoidal powering (see Fig. 4) we got a
square shaped voltage on the VMT’s input (Fig. 5).
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Fig. 5. 50 Hz PWM powering (2% period view)

Comparing both figures (Figs. 4 and 5) at the first
glance, the main difference is in VMT’s primary voltage
U, i.e. sinusoidal vs. square PWM. In used time scale
there is no other remarkable difference, hence a shorter
timescale we captlired (Figs. 6 and 7). .
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Fig. 6. 50 Hz sine (left) and PWM (right) powering
(detail view, time range of 500 us)
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Fig. 7. 50 Hz sine (left) and PWM (right) powering
(detail view, time range of 10 us)

The first couple of measured waveforms (see Fig. 6)
shows primary voltage U, (black), secondary high volt-
age U, (blue) and discharge current /, (red) in 500 ps
range. On the left powered by the sinusoidal input volt-
age, on the right powered by the PWM. Analogically,
second couple (see Fig. 7) was recorded for time range
of 10 ps.
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CONCLUSIONS

Focusing on waveform details (Fig. 6 and 7) we
found further differences between sinusoidal and PWM
input voltage. In comparison with sinusoidal, in case of
PWM powering we found a huge amount of current
peaks with amplitude of 10...20 mA. Roughly the same
number of current peaks with amplitude of up to about
200 mA were found in both cases. These peaks ap-
peared stochastically in ascending interval of positive
voltage Uj. in case of sinusoidal powering. On the other
hand, we observed noticeable association of high cur-
rent peaks and transistor H-bridge commutation process
(i.e. change of PWM voltage).

Quasi-periodic low current amplitude peaks (tenths
of mA) emerged in PWM powering experiments only.
These phenomena were not found in cases of sinusoidal
powering and it should be promising for novel plasma
applications.
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AKTHUBHBIA KOHTPOJIb PA3PAIOB ATMOC®EPHOI'O JABJIEHUSA
J. Slama, J. Bauer, S. Fligl, V. Kiiha

B 3TOM HccneoBaHNM CpaBHMBAINCH JBa MPHHIMIIA MUTAHUS TUAJIEKTpUUecKkoro 6apsepHoro paspsana (JIbP).
B kauecTBe MCTOUYHMKA HAIIPSHKEHHUSI OBLIT UCITIONB30BAH PEryJIHUPYEMbIil aBTOTpaHCHOpPMATOp (CHHYCOUIAIBHOE Ha-
MIPSHKEHUE) M MOCTOBOH MOIYNPOBOJHUKOBBI MHBEPTOP HANPSDKCHUS, TEHEPUPYIOUINH IMHPOTHO-UMITYIBCHYIO
vonymsuio (LM, mpsiMoyronbpHOE HampsbkeHue). Beumn HaiiieHpl pa3iudus B OCHHIUIOTPaMMAaX JIEKTPHUIECKO-
ro toka pazpsiaa. [luranue JIBP ¢ momomisio LIIMM npenocraBiser nepcrnekTUBHBIE BOBMOYKHOCTH JJI IPUMEHE-
HUSI [U1A3MBI.

AKTUBHUHN KOHTPOJIb PO3PAAIB ATMOC®EPHOI'O TUCKY
J. Slama, J. Bauer, S. Fligl, V. K¥iha

Y 1pOMY JOCHIKEHHI MOPIBHIOBAINCS J[Ba MPUHIMIIM )KUBJICHHS JieJeKTpudHoro 6ap'epHoro pospsay (JIBP).
Sk jokepesio Hanpyru OyB BUKOPHUCTAHUM perysibOBaHH aBTOTpaHc(hOpMaTop (CHHYycOifanbHa Hampyra) i MOCTo-
BUH HaIliBIPOBITHUKOBHH 1HBEPTOp HANPYTH, L0 I'e€HEpy€e HMIMPOTHO-iMIyJbcHY Moayisiio (ILIM, npsmokyTHa
Harpyra). bynu 3HaiifeHi BIiAMIHHOCTI B OCLHJIOTpaMax eNeKTPHYHOro cTpyMy pospsay. XKusnenns JBP 3a nono-
moroto I11IM npescTaBiisie TepcleKTHBHI MOKIIMBOCTI ISl BYKMBAHHS TIa3MH.
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