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Abstract— This paper presents a practical designing of dielectric barrier
discharge DBD ozone generator. The parametric determination of DBD ozone
reactor or chamber is of significant importance because the power supply design
is based on these parameters. The power supply is divided into two stages: one of
them is responsible for generating a variable pulse signal (pulse width
modulation PWM). This modulated signal (control signal) will be adjusted to
possess the first harmonic of its Fourier series that equals the resonant
frequency of ozone chamber. This harmonic is that corresponding to the
resonance operating frequency of DBD ozone reactor parameter values. The
second stage is concerned with inverting of the DC voltage to AC high voltage.
Owing to the control signal hasn’t the capability of directly driving the ozone
chamber, the control signal will be connected to MOSFET gate. As a result of
this connection, the applied DC to the primary side of high voltage high
frequency (HVHF) transformer will be converted to puled signal with pulse
voltage equal to that of the applied DC voltage value. Our scope in this work is to
design and practically verify the microcontroller module of Pulse width
modulation (PWM) generator and MOSFET with HVHF transformer inverting
circuit. In addition, practical electrical waveforms of DBD ozone generator

modules  will be
Cadance_ORCAD_ Allegro PSpice software will be used in this work.

demonstrated. MicroC  compiler, Proteus and

I. INTRODUCTION

ECENTLY, ozone (O3) is known as a strong
oxidizer agents. It is increasingly being used in
home and industrial applications, including
disinfection, deodorization, and food pretreatment, washing
system, ground water treatment, bleaching from paper pulp,
swimming pool water treatment [1-3]. Newly, DBD is the
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most widely studied for ozone generation. DBD is known to
generate non-thermal equilibrium plasma even under
atmospheric pressure. DBD is suitable for ozone production
[4-7]. However, some of ozone generator configurations
generate inhomogeneous heating of the dielectric barrier
resulting in low ozone production efficiency. Experimental
studies regarding the construction of the ozone generator
such as electrode arrangements[6-10], dielectric material
[11], chamber geometry[12-17], power source construction
[18-20], gas type (dry air or oxygen) [11], feed gas flow rate
and operation pressure [21] have been extensively studied to
obtain an optimal level discharge conditions for high-
throughput ozone production.

Ozone is created when diatomic oxygen (O2) is exposed
to an electrical field or ultraviolet light. Exposure to these
high levels of energy causes a portion of the diatomic oxygen
molecules to split into individual oxygen atoms. These free
oxygen atoms combine with diatomic oxygen molecules to
form ozone. DBD ozone chamber is a device which consists
of air or oxygen gap between two conductors. One of the two
conductors will be coated with a dielectric material. A high
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voltage is applied to the electrodes to overcome the gap
insulation [22-24]. As a result, micro discharges will be
generated causing ultraviolet radiations that transform the
oxygen molecules into ozone. Geometry construction of
DBD ozone chamber has many shapes. In this work a co-
core cylindrical type will be used as shown in Fig.1. In this
figure, the internal cylinder is treated as copper positive
electrode that is coated with teflon as a dielectric material.
The outer cylinder is made from stainless steel as negative
electrode. Air or oxygen will be forced to flow in between
the dielectric layer and negative cylindrical electrode. The
two holder sides of this construction are made of teflon.
Ozone will be comes from the nozzle of the out holder.

Fig. 2 shows the electrical equivalent circuit of DBD
ozone chamber. This circuit is composed of two capacitors
and discharge resistance R. The discharge resistance is
connected in parallel to gap capacitance Cg as gap equivalent
circuit whilst dielectric layer (teflon) will be replaced by
capacitor Cd. These parameters of DBD ozone chamber can
be determined using one of these two techniques; Lissajous
plot or differential evolution (DE) method. Lissajous plot
achieves good results in frequency range (15-20 KHz) [25-
27]. This is attributed to the plotting shape which will be
distorted outside this frequency range. As a result of this
distortion, uncertainty sources will be increased in the
parameters determination. Differential evolution (DE)
technique, on the other hand, depends on the resonance
frequency. This means that as the resonance frequency
increases, accuracy of parameter values will be enhanced
[25-27]. In this work, DBD ozone chamber parameters will
be extracted from measuring of high voltage and current
waveforms which applied to DBD ozone chamber.

Fig. 3 illustrates DBD ozone generator architecture [28-
32]. In this figure, the control circuit block is responsible for
generating the pulse width modulation (PWM) signal. The
modulation may be in frequency, duty cycle, or both of them.
The inverter block receives the modulated signal and directly
drives its internal single switch inverter. As a result of this
action, the DC voltage which applied to the primary side of
the HVHF transformer block will be inverted to AC voltage.
The output of this transformer will be applied to the ozone
chamber [33]. It is of important to note that the two blocks
associated with input voltage and rectifier circuit are designed
to supply the ozone generator with the DC voltage.
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Fig. 1. DBD Ozone chamber
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Fig. 2. DBD Ozone chamber equivalent circuit

In order to supply this chamber with high voltage resonance
frequency, a controlled signal will be required to control the
driving block. Generating a control signal may be achieved
either by analog circuit or digital programming control unit. In
this work, PIC16F877A microcontroller will be used and
programmed with MicroC programming tool. Designing printed
circuit board (PCB) and simulation of PWM module are
executed using Proteus software whilst simulation of analog
waveforms will be proceeded using Cadance_ ORCAD_ Allegro
PSpice software. A novel entire equivalent circuit of DBD
ozone generator will be simulated and presented in this paper.
The entire equivalent circuit requires determination of both of
the HVHF transformer and DBD ozone chamber parameters. All
these parameters have been extracted and verified practically.

This paper will be organized as follows: section 2 illustrates
circuit diagram of PWM module and discusses HVHF and DBD
ozone chamber parameter values. Section 3 displays our results
along with their discussion, and section 4 outlines our concluded
remarks.
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Fig. 3. Ozone generator architecture

I1. OZONE GENERATOR CIRCUIT DIAGRAM

Since optimization of ozone generator operating condition
plays an important role in its design, a programed PIC
microcontroller is used to achieve this purpose. A PWM
circuit diagram PIC 16F877A module is illustrated in Fig. 4.
This module is designed using Proteus simulation program. It
generates frequencies in this range [64Hz - 100 kHz]. The
modulation in frequency and duty cycle can be controlled
with two techniques: buttons or variable resistances via
analog to digital converters (A/D). Because of PIC16F877A
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microcontroller has 10 bit A/D converter module, the number
of quantization levels are 1024 ones. This means that, to
generate the required above mentioned frequency range, the
system will has (quantize level / 97 Hz). As a result, the
resonance frequency may be unreached. Because of the
difficulty of obtaining a resonance frequency through this
technique, another mechanism is added (buttons). In order to
get the resonance frequency of DBD ozone generator from
the final design of this combination, potentiometers of
frequency and duty cycle will be rotated smoothly as a first
stage. Once, the measured high voltage which is applied to
the chamber becomes a sinusoidal waveform in addition to
the maximum voltage gain has been obtained, the second
stage will start by using the buttons. Increment and
decrement buttons will be employed to generate the desired
frequency around the gained frequency. Input and output
signals of this module are illustrated in Table 1. Fig. 5
illustrates inverting and ozone chamber circuit diagram. The
input of this figure is received from the output PWM of Fig.
4. In the underlined plot, the MOSFET is responsible for
switching the applied DC voltage on the primary side of the
HVHF transformer. The result of this switching is pulsed
voltage that will be converted to be of a sinusoidal form
according to the ionization resonant frequency, which is
coincident with the first harmonic of the pulsed waveform.

TABLE 1
INPUT AND OUTPUT SIGNALS OF PWM MODULE.
Input signals Output signal
Name (Type) Function Name | Function
V_FREQ.(analog) Changing the | PWM | PWM
frequency output
V_DUTY (analog) | Changing the duty
cycle
+  (digital) | Increment the value
of the frequency or
the duty cycle
(digital) Decrement the
value of the
frequency or the
duty cycle
Move  (digital) Moving  selection
between the
frequency and the
duty cycle
GO (digital) Executing and
running the selected
values of
(frequency and duty
cycle)
SW1 (digital) Selection  between
analog or digital
execution
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Table 2 indicates the parameter values of HVHF
transformer and ozone chamber.

Fig. 6 depicts the driving circuit and ozone chamber
schematic diagram. In this figure, V1 represents the output
PWM signal of PIC16F877A microcontroller which is
indicated in Fig.4. Optocoupler will be used as an isolation
stage between PWM module and driving of HVHF
transformer. HVHF transformer parameters have been
extracted practically using open and short circuit tests. These
parameters include copper resistance and leakage inductance,
the values of which are determined through short circuit test.
The magnetizing inductance, core resistance, and stray
capacitance are extracted via the open circuit test. The ozone
chamber parameters are experimentally evaluated by
measuring the waveforms of the applied high voltage at
chamber terminals and the ionization current flow through
the chamber. Extracting of DBD ozone chamber parameters
(Cg & Cd & R) can by evaluated by comparing real and
imaginary parts of the total impedance of DBD ozone
chamber of Eq.(1) by the corresponding practical measured
parts of chamber impedance in Eq. (2). The measured
impedance value is calculated by dividing the voltage
V.msWhich applied to the DBD ozone chamber by the current
I that flows through it.

RX?
R? + X2

2
R*X,
R? + X2

Zry=Zg+2Z,= j —JjXq ¢Y)

Where, Zg and Zd are gap and dielectric layer impedances,
respectively. Xg and Xd are gap and dielectric layer reactances,
respectively. Because of the dielectric capacitance Cd is
constant and independent of operation conditions like pressure,
temperature,...etc., so the value of Cd can be calculated from

Eq.(3).

Vims 0.919 * 103
yA— Z-0 = ————— £-83°
T e T T 625103
=17.9x10%3 — j 146.05 103 Q 2)
2megk,L
a = —be 3)
Inz)

While, b & a are outer and inner radius of teflon
dielectric cylinder, respectively. L is the DBD ozone
chamber length, whilst, k. & €, are the relative dielectric and
the ionization gap permittivities, respectively.

Fig. 7 shows final practical designing of PWM module.
Fig 8 illustrates high voltage transformer and ozone chamber
parts.
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TABLE 2
PARAMETERS VALUES OF OZONE CHAMBER AND HVHF
TRANSFORMER EQUIVALENT CIRCUITS.

HVHF transformer parameters Ozone chamber parameters
parameter value parameter value

Leakage inductance | 843 uH | Dielectric 1.26 nF

L capacitance

Copper resistance R 6.48 O Discharge 950 kQ
resistance R

Core resistance R; 681 Q Gap 195 pF
capacitance Cg

Magnetizing 80 uH

inductance Lp,

Stray capacitance Cs | 89.3 pF

I11. ANALYSIS AND RESULTS

Fig 9 presents simulation of the input voltage to the
MOSFET gate (green probe) and the voltage applied to the
primary side of HVHF transformer (yellow probe). Fig 10
shows the corresponding practical waveforms in which the
input voltage to the MOSFET gate is indicated by (Ch2)
while, the applied voltage to the primary side of HVHF

Circuit diagram of PWM module

transformer is demonstrated by (Ch3). As indicated from
Figs. (9&10), a good agreement had been observed between
practical and simulated results. This similarity means that the
equivalent circuit parameter values have been perfectly
extracted from the practical point of view. Fig 11 shows
simulation of the applied voltage to the primary side of
HVHF transformer (yellow probe) and the output applied
voltage to the DBD ozone reactor (red probe). Fig 12
illustrates the corresponding practical waveforms in which
the input applied voltage to the primary side of HVHF
transformer is indicated by (Ch3) and the output applied
voltage to the DBD ozone reactor is demonstrated by (Ch1)
at resonant frequency of 6124 Hz. Chl is measured by using
high voltage probe ratio of 1000:1. As shown in Figs.
(11&12), the cut off voltage is less than zero volt, which
means that there is another reverse voltage source. This
voltage can be interpreted as discharging of the charged
parasitic capacitances between MOSFET terminals. Fig. 13
shows ozone concentration production (12.05 g/m3) of our
case study at air flow rate of (15 L/ minute).

PWM

_§

HV Transformer

Oxygen or Air
+

| TR1 I

Fig. 5. Inverting circuit and ozone chamber connection.
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Fig. 9. Input voltage to the MOSFET gate (green probe) and the voltage
applied to the primary side of HVHF transformer (yellow probe)
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Fig. 10. Practical waveforms of the input voltage to the MOSFET
gate (Ch2) and the voltage applied to the primary side of
HVHF transformer (Ch3).
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Fig. 11. The input applied voltage to the primary side of HVHF transformer
(yellow probe) and the output applied voltage to the DBD ozone reactor
(red probe)
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Fig. 12. Practical waveforms of the input applied voltage to the primary side
of HVHF transformer (Ch3) and the output applied voltage to the DBD
ozone reactor (Chl).

Fig. 13. Ozone concentration production

IVV. CONCLUSION

DBD ozone generator is designed and simulated using
Cadance_ ORCAD_  Allegro Pspice software. Co-core
cylindrical geometry chamber is suggested as DBD ozone
reactor. The entire equivalent circuit of HVHF transformer
and linear model of DBD ozone reactor are presented and
simulated. Practical results and simulated waveforms
achieved good agreements. Ozone concentration production
rate of our case study is demonstrated and measured using
OGP-UV2100 ozone analyzer.
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