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Abstract: The article presents applications of systems with power electronic converters, high 

voltage transformers, and discharge chambers used for nonthermal, dielectric barrier discharge 

plasma treatment of a plastic surface and decontamination of organic loose products. In these 

installations, the inductance of the high voltage transformers and the capacitances of the electrode 

sets form resonant circuits that are excited by inverters. The article presents characteristic features 

of the installations and basic mathematical relationships as well as the impact of individual 

parameters of system components. These converters with their output installations were designed, 

built, and tested by the authors. Some of the converters developed by the authors are manufactured 

and used in the industry. 

Keywords: resonant inverter; dielectric barrier discharge; nonthermal plasma; treatment of plastic 
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1. Introduction 

Plasma systems and plasma treated materials are now commonly used. The cold, nonthermal 

plasma (NTP) is produced usually by high voltage (HV) electrical discharges. In nonthermal plasma, 

most of the electric energy is used to produce high-energy electrons, not to heat the gas. The 

electrons themselves do not treat the surface. The high-energy electrons (1–2 eV) excite electronic 

states of molecules, vibrational states, and provide molecular dissociation (oxygen at the most). 

Namely atomic oxygen and electronically excited molecules contribute to the surface treatment and 

pollution control. Cold plasma applications are very diverse. The main applications of NTP include 

surface modification of plastics [1–3], ozone generation [4,5], surface decontamination [6–11], 

sterilization of wounds and soil [12,13], toxic and harmful gas and sewage decomposition [14–20]. 

One of the methods of producing cold plasma is the dielectric barrier discharge (DBD). A number of 

studies present theoretical foundations of barrier discharges, including models of discharge 

chambers and their substitute schemes, analytical description of current and voltage waveforms, 

voltage-charge characteristics (the Lissajous figures) [21–24]. The article [21] additionally includes a 

review of the applications of DBD to high power CO2 lasers, excimer based ultraviolet and 

fluorescent lamps and flat large-area plasma displays. Another important application of barrier 

discharges and corona discharges (CD) is the investigation of the ionic wind generation and 

examination of its results for the development of propulsion [25]. The use of both barrier and corona 
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discharges when supplying a set of several electrodes with alternating and direct voltage enables the 

creation of curtains from nonthermal plasma with a relatively large width of the air gap [26]. 

Many articles are focused on the development of high voltage generators that are components 

of DBD plasma systems. Depending on the application, the power of supplies ranges from single 

watts to hundreds of kilowatts. The choice of power and feed method is important for the operation 

of the DBD reactor and for the intensity of the reaction. The most common voltage waveform used to 

power DBD plasma reactors is the high voltage alternating current (AC) wave. In DBD reactors and 

in pulsed corona discharge reactors (PCD, without a dielectric layer) unipolar and bipolar voltage 

waves are used, sometimes a discontinuous wave with a prepolarization. 

Already in 1857, Werner von Siemens reported on first experimental investigations with DBD. 

He applied a mechanical pulser (“Wagnerscher Hammer”) interrupting the primary winding circuit 

of the HV transformer as the high-voltage generator [27,28]. Another simple high-voltage generator 

for barrier discharges can consist of an autotransformer and a high-voltage transformer fed directly 

from the power grid of voltage frequency 50 or 60 Hz [3]. However, the high voltage delivered to the 

electrodes with a frequency of 50 or 60 Hz has a much higher value than the voltage with the 

increased frequency generated by an inverter. Very popular solutions are voltage source inverters 

(VSI), with unregulated or regulated input voltage and with high voltage transformers connected to 

the output [22,26,29–35]. These inverters can often have a full or half-bridge structure. When 

supplying a DBD system from an inverter the selection of the supply frequency is associated with 

the resonant frequency of the transformer inductances (and additional inductances if present) and 

electrode set capacities. Other generator designs are also used. Low power generators can be made 

as fly-back converters [22,25]. Bridge converters can be equipped with snubber circuits that reduce 

du/dt or di/dt when transistors are switching (on/off). An interesting solution is the full-bridge in 

which only one branch uses the LDR (coil, diode, resistor) circuit for di/dt reduction [36]. This 

solution may be useful if a pulse width modulation with phase shift (PS-PWM) control is used. An 

example of the multiresonant generator is presented in [37]. The transformer inductances and 

capacitances of the electrode set (together with an additional capacitor) form one resonant circuit. 

Another resonant circuit provides conditions for zero current switching (ZCS) off transistors. The 

paper [38] describes variations of a diagonal half-bridge resonant converter topology (with four 

diodes and two transistors), which can be used to produce a single-period AC sinusoidal waveform. 

The method allows power regulation within very wide limits and makes possible the precharge 

pulse generation for transformer magnetization and gap voltage symmetrization. The construction 

of a HV generator [39,40] that allows the production of voltage waves with many different shapes is 

also very interesting. It consists of a 24-level cascaded H-bridge inverter and works without an HV 

transformer. A transformerless HV generator for DBD plasma producing is described in [41]. In the 

abovementioned example, the HV generator uses the phenomenon of voltage increase in a circuit 

under serial resonance conditions. The topology of the inverters with additional AC intermediate 

resonant circuits has been presented in [42]. Depending on the AC intermediate circuits these 

generators are characterized by properties of the current or voltage sources. In case of operation as 

the current source, the DBD discharges were very stable and the system was insured against arc 

discharges in a natural way. 

The basic control methods of high voltage alternating current (HVAC) generators that are used 

to generate DBD plasma are described in [29,30,43]. These are pulse amplitude modulation (PAM), 

pulse width modulation (PWM), phase shift-pulse width modulation (PS-PWM, PSC), pulse density 

modulation (PDM), and pulse frequency modulation (PFM). In [31,32], the hybrid control of PDM 

and PFM is described. 

While the above articles provide a good overview of the fundamentals of DBD discharge, their 

applications and HV generators design, they do not discuss the impact of individual components 

parameters and control variables on the power of DBD discharges. The aim of the paper at hand is to 

fill the gap. The discussion focusses on the following parameters: inverter input voltage, inverter 

output voltage frequency, DBD discharge ignition voltage, resonant circuit parameters together with 

the discharge chamber model parameters and transformer ratio. This article presents DBD 
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generators and plasma reactors used for surface treatment of plastics and decontamination of loose 

organic materials, developed under the supervision of the authors. Generators are presented as well 

as entire technological devices. 

The HV generators, which the authors designed, manufactured, and tested consist of power 

electronics converters: rectifier, DC/DC converter (if any), voltage-source inverter, and HV 

transformer. Transformer leakage inductances (and additional inductances if used) form a series 

resonant circuit with the capacities of the electrode sets. The resonant circuits create the conditions 

for soft switching, which is almost lossless. Thanks to the soft switching, the converters have high 

efficiency and generate little radio interference. Soft switching may appear as zero current switching 

(ZCS) or zero voltage switching (ZVS). The ZVS will be preferred in the analyzed systems, which is 

characterized by lower losses in the frequency and power range that the authors are interested in (up 

to about 100 kHz by 0.5 kW and about 25 kHz by 10 kW of rated power). 

1.1. Power Electronics Converter Topology and Their Control Methods 

The topology of the used power electronics converter is presented in Figure 1. Depending on 

the inverter control method and the assumed power and frequency range the step-down converter 

and/or HF resonant choke may be omitted. Then, only the transformer leakage inductances will 

perform the function of a resonant choke. 

 

Figure 1. Schematic diagram of the power converter circuit used in the developed technological 

devices. 

To control the output power of the converter, the following adjustment methods were 

considered [35]: 

• pulse width modulation (PWM, with the constant inverter input voltage, the chopper 

can be omitted), 

• changing the frequency of the inverter output (PFM, at constant inverter input 

voltage, the chopper can be omitted), 

• changing the inverter input voltage (PAM, the chopper is necessary), 

• PDM modulation (at constant inverter input voltage, the chopper can be omitted), 

• combinations of the above methods. 

Figure 2 shows the examples of the output current and voltage waveforms of the inverter with a 

series resonant circuit at the output for various analyzed control methods. 

1.1.1. Output Power Control by Pulse Width Modulation, With Constant Inverter Input Voltage 

Earlier studies and implementations carried out by one of the authors concerned the regulation 

of generator power using PWM. The chopper can be omitted to simplify the generator main circuit. 

This method is not recommended in the frequency range above several dozen (or even several) kHz 

and powers above a few kW. Turning off each of the transistors can be done "softly" (with 

appropriate transistors control) in the ZVS technique. However, switching on must be done "hard". 

Hard commutation, at high switching frequency, causes significant losses and current stress caused 
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by the sum of the load current and the reverse current of the inverter's diodes (Figure 2a). In each 

half-period of the output current, a reverse diode conducts then a transistor and then again reverse 

diode. There are six switching operations during the inverter operation period. This causes the 

inverter output voltage to oscillate at the frequency three times greater than the current wave. In the 

previously tested inverters, the transistors had to be oversized and the inverter was a strong source 

of radio frequency interference, also for its own control circuits. 

Another kind of PWM modulation is the phase-shift pulse width modulation (PS-PWM, phase-shift 

control, PSC). In PS-PWM, transistors are conductive for half of the period and during diode conduction, 

the inverter output voltage is zero. This modulation has some advantages compared to PWM but also 

does not eliminate the hard switching in a wide range of power control [33,36]. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 2. Waveforms of the inverter output voltage and current with different control methods, 

reproduced from Przegląd Elektrotechniczny [35]: (a) PWM, (b) PFM, (c) PDM, (d) PAM: iT, 
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iD—transistor and diode current; iinv—inverter output current; uinv—inverter output voltage; for 

PWM, PDM, and PAM modulation it was assumed that the switching frequency is approximately 

equal to the resonant frequency and the voltage waveform is synchronized with the current in 

conditions for operation with ZVS switches. 

1.1.2. Power Control by Pulse Frequency Modulation, With Constant Inverter Input Voltage 

In this arrangement, the output power of the system is adjusted by changing the transistors 

switching frequency (Figure 2b). When operating below the resonant frequency, current stress in 

transistors occurs due to reverse currents of diodes. Thus, the authors do not recommend operating 

below the resonant frequency due to increased commutation losses. This method was previously 

used in series resonant inverters made in the thyristor technique. At the resonant frequency, the 

system works with maximum power. System operation (and power control) should take place at 

frequencies above resonance. Then ZVS conditions are created for the transistor’s operation. The 

converter power circuit is relatively simple due to the unregulated DC voltage (no chopper). The 

inverter operation frequency should be limited both above and below so as not to go beyond the 

frequency range accepted in a given production process. 

1.1.3. Power Control by Changing the Voltage at the Inverter Input  

Earlier implementation carried out by one of the authors also considered regulation of 

generator power by changing the DC voltage supplying the inverter. This DC voltage source can be 

a controlled or semicontrolled thyristor rectifier, a noncontrolled rectifier with PFC converter or a 

transistor chopper (Figure 1). The system, although more complex, has a number of advantages. To 

enable the inverter transistors to work as ZVS switches, the transistors are turned off before the 

output current reaches zero. At the same time, if the switching frequency is close to the resonance 

frequency then the transistors turn off the low current. This is quasi-ZCS switching (Figure 2d). 

When ZVS and at the same time quasi-ZCS switching occurs, the inverter works in the most 

favorable conditions. Commutation losses are eliminated, and voltage and current steepness are 

limited. To ensure these optimal conditions it is necessary to automatically adjust the inverter 

switching frequency employing PLL. All power control processes take place in the chopper. 

Independent control of the inverter (PLL) and chopper is provided. Under these conditions, the time 

intervals at which energy returns to the DC source are very small. Then the amplitude, RMS, and 

average of the inverter output current (and transistor current) will be the lowest at the given output 

power. Assuming a sinusoidal current waveform and that t << Ts (Figure 2d) one gets an 

approximate equation for the output power of the bridge inverters (Equation (1)): 
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nv_mdc

snv_m

2/

0
dc

s

9.0
π

2
d)sin(

2/

1 s

i

i

i

T

IU
IU

ttIU
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P =    (1) 

  

where: Udc—DC inverter input voltage, Iinv_m, Iinv_RMS—maximum and RMS value of the inverter 

output current, Ts, fs, s—period, switching, and angular frequency. 

1.1.4. Power control by PDM Modulation (at Constant Inverter Input Voltage) 

PDM modulation ensures even distribution of discharges over the entire length of the 

electrodes with a wide range of changes in average process power. The power regulation by means 

of PDM consists of sending in "packets" the maximum power with the frequency of a modulating 

generator with regulated filling [29,30,43]. The transistors in the inverter can work with ZVS soft 

commutation at a switching frequency greater than the resonant frequency. For maximum use of 

components (minimum transistors current in relation to the transferred power), the system should 

work with a frequency close to resonance. The general working principle is shown in Figure 2c. Turning 

off the "packet" is accomplished by switching on of two transistors T1 and T2 or T3 and T4. Then the 

oscillations in the resonant circuit go out automatically. The generator power circuit is relatively 
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simple due to the unregulated DC voltage. The control system should also ensure that the 

transformer does not saturate, regardless of the length of the "packet" of power pulses and the pause 

time [43]. In particular, an even number of half-waves of the inverter output voltage should be 

maintained. During a break in power transfer, one must remember the switching frequency to which 

the system tuned during power flow. Assuming a sinusoidal current waveform and that t << Ts (as 

in Figure 2c, d), one obtains the equation for the output power of the bridge inverter: 

PDMinv_RMSdcPDM

inv_mdc
9.0

π

2
DIUD

IU
P   (2) 

where: DPDM—duty cycle of PDM. 

1.1.5. Author's Method Based on Simultaneous PDM and PFM Modulation 

The author's method [24,44] based on simultaneous PDM and PFM modulation differs from the 

methods described in [31,32]. This control method was used in DBD discharge generators 

manufactured and used at the Institute of Polymer Materials and Dyes Engineering (IMPIB, Toruń, 

Poland) [45]. The essence of this control method is the combination of PDM and PFM modulation 

while the inverter operation is not stopped (switching off all transistors or short-circuit state of the 

load) but there is a periodic increase in the switching frequency (Figure 3). The range of frequency 

changes is limited from above and below according to the assumed maximum and minimum power. 

The PDM modulating signal can have a rectangular shape with variable (Figure 3a) or with fixed 

(Figure 3b) filling. Limiting the maximum power protects against damage to the processed material 

or arcing caused by a dielectric breakdown. This control method ensures uniform discharge in a 

wide range of power control (about 10–100% of nominal power) and has additional advantages over 

the classic PDM method [31,32]. The control system does not require the use of an additional system 

that remembers the frequency from the moment before the inverter stops and does not require a 

system counting the number of half-waves of the output voltage. Another advantage is the ease of 

modification of existing PFM control systems to work according to the proprietary method [24]. 

  

(a) (b) 

Figure 3. Examples of inverter output voltage and current waveforms using the PDM-PFM method 

developed by the authors: (a) with variable duty cycle of PDM signal, (b) at a constant duty cycle of 

PDM signal. 

1.1.6. Choice of Control Method 

In further projects and implementations, the PWM method was abandoned, because the 

inverter transistors could not work with ZVS soft commutation. The following methods were used 

to control HV generators for barrier discharges:  
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1. Power regulation by input voltage changes of the inverter (PAM, system with chopper) and 

switching of the inverter transistors with a frequency slightly higher than the resonant 

frequency. The switching frequency was tuned using the PLL loop. The inverter output voltage 

was ahead of the output current wave by approx. 2–3 s. The inverter transistors switched under 

ZVS and almost ZCS conditions with very low commutation losses. This method of regulation 

ensured uniform discharges over the entire length of the electrodes in the range of 20–100% of 

the nominal power (PN) of the device. 

2. Power regulation by means of frequency modulation, above the resonant frequency (PFM, 

system without chopper), ensured the correct generation of DBD in the range of 20–100% of PN. 

For a power lower than 20% of PN, the system switched to PDM + PFM modulation according to 

the method developed by one of the authors. In this way, the power could be adjusted in the 

range of about 5–100% of PN. This type of control ensured the operation of the inverter 

transistors in ZVS conditions. 

2. Matching of HV Generators and DBD Reactors  

2.1. Dielectric Barrier Discharges—Theoretical Basics 

Figure 4 shows a simplified model of the discharge chamber. Figure 4a shows the construction 

ideas and Figure 4b presents simplified equivalent diagrams of the generator and the chamber. 

Figure 4b also contains the simplified characteristic of the barrier discharge in the air [21–24]. 

Capacities C1, C2 and discharge (and ignition) voltage Udis depend on the shape and size of the 

electrodes, dielectric thickness, and its type and width of the air gap [46]. Figure 4c shows the 

trajectory of the voltage on the electrodes as a function of the charge supplied to these electrodes. 

This trajectory allows determining the capacities of the equivalent diagram and ignition voltage. To 

design a device for generating DBD discharges, one needs to know the parameters of the discharge 

chamber, transformer ratio, voltage and frequency range of the inverter output voltage, inductance 

in the resonant circuit. 

 

(a) 

 
(b) 

 
(c) 

Figure 4. The idea of the construction of discharge chambers (a), simplified diagrams of the generator 

and the discharge chamber (b), and the trajectory of the voltage on the electrodes as a function of the 

charge supplied to these electrodes (c). 
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According to the simplified scheme and the uC(q) trajectory (Figure 4b,c) one can distinguish 

two states in chamber operation (Figure 4c): state 1, wherein there are no discharges and state 2 in 

which DBD discharges occur. In state 1 the increase rate duC/dq on the chamber terminals depends 

on the substitute capacity CS made up of series-connected capacitors C1 and C2 (3). In state 2 the 

capacitor C2 voltage does not change and the duC/dq depends on the C1 capacity (4). Parameters of the 

discharge chamber can be experimentally determined based on uC(q) trajectory (Figure 4c). 

21
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uC =  (4) 

The chamber parameters related to the primary side of transformer are C’1·=·2C1, C’2·=·2C2, 

C’S·=·2CS, Udis·=·Udis/, where Udis—discharge (and ignition) voltage, —transformation ratio. The 

frequency fsyn at which the inverter output voltage and current are synchronized is in the range fr_max 

> fsyn > fr_min (Equations (5) and (6)) [34]. The synchronization frequency is the boundary of the 

transistors' abilities to work as ZVS or ZCS switches. The synchronization frequency fsyn at the 

rectangular inverter output voltage is only approximately equal to the resonant frequency [47]. 
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where Lr = Lchoke + L, Lchoke—the additional choke (Figure 1) between the inverter output and the HV 

transformer, L—the leakage inductance of the transformer seen from the low voltage side. 

For the inverter voltage and frequency at which the capacitor C2 voltage does not reach the Udis, 

there are no discharges. In such conditions, the discharge chamber is a linear load. This creates a 

capacitor with a capacity of CS. Capacitor CS together with Lr creates a resonant circuit with low-pass 

filter properties. The shapes of electrode current and voltage are sinusoidal and the classical ac 

analysis can be used. 

The amplitude of the capacitor C2 voltage, which is referred to the first harmonic amplitude of 

the inverter output voltage is described by Equation (7), wherein UC2_1m—the amplitude of the 

capacitor C2 voltage, Uinv_1m—the first harmonic amplitude of the inverter output voltage (in the full 

bridge topology and a maximum duty cycle), ωs = 2πfs—circular frequency of the inverter output 

voltage, fs—transistors switching frequency [24,34]. 
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Equation (7) determines when the amplitude of the capacitor C2 voltage reaches Udis. The limit 

values of the switching frequencies at which the discharges appear, are determined based on 

Equations (8) and (9): 
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For PWM modulation, this equation is modified as shown in [29]. The discharges occur when 

fs_lim_1 < fs < fs_lim_2. The frequency limits depend on the capacity of the electrodes, the inductance of Lr, 
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the discharge voltage, the inverter output voltage, and transformer winding ratio. The ratio of 

transformer winding has an impact on the operating frequency range and power of the device. By 

reducing the inverter output voltage these frequency limits approach to fr_max (Equations (5) and (9)). 

Figure 5a shows characteristics of discharges power as functions of frequency and inverter 

input voltage. Figure 5b illustrates power, current, and voltage characteristics as functions of 

frequency at a constant inverter input voltage (300 Vdc). Figure 5b illustrates the frequency limits 

according to the Equations (5), (6), (8), and (9). The characteristics from Figure 5a,b have been 

determined by assuming a constant value of the inductance Lr and transformer winding ratio. The 

following parameters of the real system (for treatment of plastic foil surface) were assumed in the 

simulation model: power PN = 3 kW: Udc ≈ 300 V, two rotating electrodes: length 1700 mm, diameter 100 

mm, 2 mm silicone insulation; two immovable electrodes: length 1600, width 36 mm toothed profile; air 

gap of approx. 2–4 mm (teeth); capacitance C’1 ≈ 1.59 nF, C’2 ≈ 0.794 nF; Lr ≈ 1.3 mH;  = 9.17. 

 
 

(a) (b) 

Figure 5. Characteristics of DBD discharges: (a) as a function of inverter output voltage and 

frequency, (b) as a function of inverter output frequency and constant inverter input voltage Udc = 

300 V, reproduced from Przegląd Elektrotechniczny [34]; the simulation results; base values: 

I*=Udc/(LrC1’)1/2, P*= Udc
2/(LrC1’)1/2. 

Figure 6 shows the impact of the inductance and the transformation ratio on the frequency 

limits that define the range of switching frequency at the PFM modulation. The characteristics are 

derived by mathematical analysis (Equations (8) and (9)) for the above data. The same frequency 

limits were obtained by simulation. This is illustrated by the points on the curves in Figure 6. It is 

worth noting that experimentally measured frequencies did not diverge more than a few hundred 

Hz from those obtained by calculation and simulation. 

  
(a) (b) 

Figure 6. The range of the inverter output frequency at which the discharges appear (derived by 

mathematical analysis) as a function of: (a) inductance Lr; (b) transformer windings ratio, reproduced 

from Przegląd Elektrotechniczny [34]. 
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Increasing demand for processing different kinds of materials with different sizes generates the 

need to examine the impact of the transformer windings ratio and the inductance in the treatment 

process. Figure 7 presents the power control characteristics for the device with the same parameters 

as described above. The electrodes capacitance and voltage Udis are fixed. Figure 7 shows that with a 

change of the transformation ratio the electrode capacities and voltage Udis (referred to the inverter 

side) also change. 

  

(a) (b) 

Figure 7. Relative discharge power as a function of frequency for: (a) various values of Lr ; (b) various 

values of , reproduced from Przegląd Elektrotechniczny [34]; base values: Lb = 1 mH, b = 9.17, fb = 

1/(2(C1Lb)1/2). 

3. Developed Prototype and Industrial Systems 

3.1. Systems with Resonant Inverters for Surface Treatment (Activation) of Plastics 

In order to modify the surface of plastics during printing, laminating, and gluing the DBD 

discharges (so-called corona treatment) are used. To achieve the desired level of adhesion the 

discharge energy in the range of 0.65–1.3 kJ/m2 should be delivered. Parameters of HV generators for 

plastics surface treatment are generally in the range of power—0.5–10 kVA; frequency—5–50 kHz; 

voltage—4–20 kV. The schematic diagram of the power converter circuit used in the developed 

technological devices is shown in Figure 1. The idea of construction and the equivalent circuit of 

discharge chambers are presented in Figure 4a,b. 

Figure 8 shows the construction principle of discharge chamber for foil processing, the 

trajectory u(q) and waveforms of current, voltage, charge, and instantaneous power of the electrode 

set obtained experimentally. Discharges occur between the cylindrical (rotating) and rod electrode 

(Figure 8a). Capacitors assembly consists of the electrodes and two dielectric layers (silicon, quartz 

glass or ceramics, and air). The treated plastic makes the third layer of dielectric. Capacities of 

silicone and treated plastic foil are analyzed as one capacitor. Capacities of the electrodes and the 

leakage of transformer and additional choke inductances create a resonant circuit. The selection of 

transformer winding ratio and choke inductance allows for operating of the system in a given 

frequency range and assumed output power (Figures 5–7). The density of energy E/s (J/m2) supplied 

to the plastic surface for the device as in Figure 8a can be determined from the equation: 

E/s = P/(vd), (10) 

where P—DBD discharge power, v—speed of the foil, d—width of discharges (electrodes). 

The waveforms of currents and voltages presented in Figure 8c were recorded using measuring 

devices: oscilloscope Tektronix TDS2024, current probe PA-622, high voltage differential probe 

P5200 with an additional voltage divider (1/12.5) at the input. The recorded data (from Figure 8c) 

were used to determine the trajectoryfrom Figure 8b and the waveforms from Figure 8d. Excel was 

used for this purpose. The capacities of C1 and C2 were determined on the basis of the trajectory from 
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Figure 8b and Equations (3) and (4). In order to determine the inductance Lr = (Lchoke + L), the 

secondary winding of the HV transformer was shorted and the additional choke and the transformer 

were powered from the inverter at reduced voltage. The rectangular voltage wave and the triangular 

current waveform at the inverter output were recorded. The inductance was determined on the basis 

of the relationship Lr = Udc(t/i) where t is half of the period of the inverter output voltage and i is 

the current increase during this time. The determined parameters values were used during the 

simulation, the results of which are shown in Figures 5–7. The dimensions of the discharge chamber 

and the determined parameters values can be found in the description of Figure 5. 

The trajectorypresented in Figure 8b prove that the model adopted for the analysis and 

simulation is correct for the averaged values of voltage and current of the electrodes. During the 

analysis and simulation with the use of this model, the electrodes current and power do not 

experience high-frequency oscillations visible in Figure 8c, d. This model can be used in the design 

and simplified analysis of the phenomena occurring in the discharge chamber. On the other hand, 

the oscillograms in Figure 8c, d show that many ignition and extinguishing processes occur 

simultaneously. 

 

 
(a) (b) 

  
(c) (d) 

Figure 8. The discharge chamber for foil processing: (a) construction principle; (b) the trajectory u(q) 

obtained experimentally at the frequency  26.8 kHz of the inverter output voltage and power 1.5 

kW; (c) oscillogram of electrode current and voltage at the frequency of 26.8 kHz, CH1 1 A/div., CH2 

6.25 kV/div.; (d) waveforms of current, voltage, charge, and instantaneous power of the electrode set 

obtained from the data from the oscillogram. 

The generators for surface treatment of plastics by DBD discharge, which are described in this 

article, are produced now based on documentation and under the supervision of one of the authors 

at the Institute of Polymer Materials and Dyes Engineering (IMPiB, formerly Metalchem) in Torun, 

Poland [45]. Figure 9 presents the exemplary generator and discharge electrodes. The nominal 

powers of these generators in the range from 0.5 to 10 kW are produced. 
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(a) (b) (c) 

Figure 9. Construction of the devices for processing plastic film using DBD discharges: (a) power 

electronics generator with additional choke; (b) HV transformer and electrodes assembly, 

reproduced from web page IMPiB [45]; (c) part of the electrode. 

3.2. Systems with Resonant Inverters for Decontamination of Loose Organic Material 

Dielectric barrier discharges and ozone produced in this process can be used to decontaminate 

products such as seeds or ground dried plants. The use of plasma technologies in the food industry 

and agriculture has been described many times in literature [6,48–51]. However, these articles 

usually did not describe the construction details of plasma generators and reactors. Descriptions of 

some reactor designs can be found in patents [10,11]. The description of the DBD generation is 

analogous to the generation for surface treatment of plastics. However, the constructions of the 

discharge chambers are different. Figure 10 presents an equivalent diagram of part of the generator 

with HV transformer and construction of two types of discharge chambers for decontamination of 

loose organic material. The prototypes according to Figure 10b,c were built and tested under the 

supervision of one of the authors [7]. The first chamber (Figure 10b) has one fixed electrode, and the 

other in the form of a movable trolley that performs reciprocating movements transporting the 

treated organic material. The second version (Figure 10c) has two rotary electrodes in the form of 

cylinders between which the processed material is decontaminated. 

  

 
(a) (b) (c) 

Figure 10. Construction of the devices for decontamination of loose organic material using DBD 

discharges: (a) equivalent diagram of part of a generator with transformer; (b) discharge chamber 

with a sliding electrode; (c) discharge chamber with rotating electrodes; 1—discharge chamber, 

2—electrodes assembly, 3—suction hole, 4—insulating support, 5—electrodes gap adjustment knob, 

6—transport trolley, 7—belt conveyor, 8—processed material, 9—sweeper. 

New reactor designs were developed to increase the discharge power and thus to reduce the 

plasma exposure time and speed up the technological process. Plasma processing time is short 

compared with other known solutions [10]. Figure 11 shows two types of prototypes of devices for 

decontamination of crushed dried plants. 
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(a) (b) 

Figure 11. View of devices for decontamination of loose organic materials using DBD discharges 

developed and tested by the authors: (a) device with a sliding electrode; (b) device with rotating 

electrodes; 1—discharge chamber, 2—electrodes assembly, 3—transport trolley, 4—operator panel, 

5—electrodes gap adjustment knob, 6—ozone chamber, 7—belt conveyor. 

Figure 11b shows a solution that can be part of a technological line. This design is equipped 

with a support decontamination system which uses ozone generated in the discharge chamber. The 

conveyor speed determines the remaining time of the processed material in the ozone chamber. 

Electrodes in the form of rotating cylinders provide better cooling conditions than fixed electrodes. 

To increase the plasma operating time, the chamber may consist of several electrode assemblies. The 

implementation of such devices for the food industry is envisaged. 

The power of discharges was regulated in the range of 200–1000 W by PFM or PDM + PFM 

modulation. The PDM + PFM modulation was used in the power range of 200–300 W to ensure even 

discharges over the entire length of the electrodes at low power. The decontamination efficiency of 

these prototypes was tested at the Faculty of Agriculture and Biotechnology of the UTP University 

in Bydgoszcz. The tests [52] confirm the effectiveness of DBD plasma and ozone in reducing 

microbial contamination of dried fragmented plants. 

4. Conclusions 

The article considers the most common problems concerning a proper matching of HV 

generators and DBD reactors It focused on parameters of electrodes sets (equivalent capacitance, 

discharge voltage), generator parameters (frequency and output voltage, modulation methods), 

transformer parameters (transformation ratio, leakage inductances), and the resonant circuit choke 

inductance. Thus, the article contributes knowledge to designing equipment for surface treatment of 

plastics and for decontamination by DBD method. 

A common feature of the presented systems is that the transistors of the inverters work with the 

ZVS soft commutation in the whole range of power regulation. In the case of PAM + PFM 

modulation, the transistors work with ZVS and "almost" ZCS commutation, which radically reduces 

switching losses. Resonant converters created in this way had better parameters than similar 

systems in which transistors operated with hard commutation. This concerned parameters such as 

efficiency and generation of radioelectric disturbances. 

The innovative solutions presented in the article are the inverters for DBD plasma generators, 

which use the proprietary PDM + PFM modulation method. This method ensures the extension of 

the power regulation range and maintaining the uniformity of discharges in DBD devices for plastic 

surface treatment and decontamination. The generators were built using the theoretical 

considerations presented in this article. New designs of discharge chambers for decontamination 

have been developed. They have been reserved in the European patent office. The innovative 

solution of the first structure, with a movable GND electrode, is the ability to precisely select the 

dose of energy and decontamination conditions by adjusting the discharge power, the distance 

between the electrodes, the speed of the trolley with the GND electrode, the number of runs of the 
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trolley during processing. An innovative solution of the second design is, among others, the use of 

rotating cylindrical electrodes, which improves cooling conditions and the use of ozone produced in 

the process for initial decontamination. 
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