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Dielectric Barrier Discharges (DBD) are a technology that has been developed since the beginning of the last century and in recent years their applications have spread to various fields of industry. Unfortunately, at present, there is no clear relationship between the geometry of the DBD reactor, its power supply, and the efficiency of the process driven by the DBD. In such a way, it would be desirable to have a method allowing the characterization of DBDs, and system implementing this method, to establish the relations between the design variables and the output parameters of the process or its performances, to improve its efficiency or production rate.

Therefore, the method proposal, the implementation, and test, of such a system will be explained in this work. The methodology to be employed can be extended for several DBD processes; the selected application is the ultraviolet (UV) production by means of DBD excimer lamps.

The design of the characterization platform comprises the selection of the limiting values for the electric parameters to cover a high range of power in the different geometrical configurations that the DBD can have. This is achieved considering a theoretical and experimental modeling of the DBD to identify an equivalent electric circuit that can be studied in interaction with the power supply.

The design of the power supply is based on the best criteria for control and adjustment of the electrical parameters of the pulsed power that is injected into the DBD, covering a wide range of power for the entire set of DBD dimensions to be tested. The selected topology allows changing independently three variables in the current waveform that the DBD receives, making possible to relate them to the DBD process output, in this case the UV production of the excimer lamps.

To complete the characterization platform, a control and acquisition interface is designed and implemented allowing the automatic characterization of one DBD, sweeping a set of operating points and, collecting and saving the electric and process (UV radiation) measurements, to analyze later.

The acquired data enable to take a decision about what are the best conditions, in terms of physical dimensions for the DBD reactor and electric parameters for the power supply, whether to improve the efficiency in the energy conversion (in this case from electric to UV) or to maximize the process output (in this case the UV radiation) that the DBD can deliver.

12. An electrical model with variable capacitance. Taken from [START_REF] Amjad | Analysis and Implementation of Transformerless LCL Resonant Power Supply for Ozone Generation[END_REF] and [START_REF] Fang | Electrical Model and Experimental Analysis of the Atmospheric Pressure Homogeneous Dielectric Barrier Discharge in He[END_REF] 

Introduction

The present work aims to contribute to the use of Dielectric Barrier Discharge (DBD) processes in our daily life, which can help to minimize the environmental impact of technology in our world. In the specific case of this thesis, interactions between DBD excimer lamps and their power supplies are studied, trying to replace the mercury-based technology for ultraviolet (UV) production.

In the following sections of this manuscript, basic concepts that are necessary for understanding the developed work are introduced, before stating the objectives. Dielectric Barrier Discharges (DBD) are a type of electric discharge with at least one dielectric between the electrodes, as shown in Fig. 0.1. To produce these discharges a high voltage (~ kV) is required between the electrodes to produce a reaction in the gas. This is a serious constraint from the power supply point of view, as will be developed later. Moreover, these discharges have characteristics that allow them to be used in a wide range of applications, thanks to the following properties:

• Low-temperature plasma is created, which is favorable for numerous applications (for example medical applications [START_REF] Fridman | Bio-Medical Applications of Non-Thermal Atmospheric Pressure Plasma[END_REF][START_REF] Larousi | Plasma Medicine: Applications of Low-Temperature Gas Plasmas in Medicine and Biology[END_REF][START_REF] Foest | Microplasmas, an emerging field of low-temperature plasma science and technology[END_REF]).

• Cold plasmas are known to be sources of excited species, which are used in numerous processes, like disinfection [START_REF] Pavlovich | Effect of Discharge Parameters and Surface Characteristics on Ambient-Gas Plasma Disinfection[END_REF], or gas treatment [START_REF] Tappi | Atmospheric gas plasma treatment of fresh-cut apples[END_REF])

• The discharge in the gas has no direct contact with the metallic electrodes, which implies a clean discharge [START_REF] Sosnin | EXCIMER LAMPS AND BASED ON THEM A NEW FAMILY OF ULTRAVIOLET RADIATION SOURCES[END_REF][START_REF] Kogelschatz | Excimer Lamps: History, Discharge Physics, and industrial Applications[END_REF], and avoid possible metallic vapors that alter the discharge properties. The novelty of this discharge was the position of the electrodes because these were outside the space of the discharge, and this prevented the electrodes from coming in contact with the plasma. [START_REF] Sosnin | EXCIMER LAMPS AND BASED ON THEM A NEW FAMILY OF ULTRAVIOLET RADIATION SOURCES[END_REF][START_REF] Kogelschatz | Dielectric-barrier Discharges: Their History, Discharge Physics, and Industrial Applications[END_REF][START_REF] Roth | Industrial Plasma Engineering[END_REF]. Taken from [8] The development of this kind of discharges continued through the 20th century, especially for the ozone generator. Among the most important contributions for this kind of discharges, it is possible to highlight: the first pictures of a DBD of parallel plates and the first waveforms of the voltage applied across the discharge, as shown in Fig. 0.3 [START_REF] Buss | Die elektrodenlose Entladung nach Messung mit dem Kathodenoszillographen[END_REF]. Taken from [START_REF] Buss | Die elektrodenlose Entladung nach Messung mit dem Kathodenoszillographen[END_REF]. The ozone industry continued to grow during the following years, especially in industrialized countries. Towards the decade of the 1970s, researchers began to set up new models that allowed to relate the chemical and physical processes that occur in a DBD [START_REF] Kogelschatz | Excimer Lamps: History, Discharge Physics, and industrial Applications[END_REF][START_REF] Kogelschatz | Dielectric-barrier Discharges: Their History, Discharge Physics, and Industrial Applications[END_REF]; these advances opened the opportunity for new applications of DBD, like those shown in Fig. 0.5. These can be classified depending on the configuration of the gas between by the dielectrics:

•

The configuration where the gas flows through the DBD is used in the ozone generators [START_REF] Park | Effective ozone generation utilizing a meshed-plate electrode in a dielectric-barrier discharge type ozone generator[END_REF], processes for surface treatments [START_REF] Shao | Surface modification of polyimide films using unipolar nanosecond-pulse DBD in atmospheric air[END_REF], or elimination or reduction in air pollution [START_REF] Müller | Air Pollution Control by Non-Thermal Plasma[END_REF]. There are also applications where the gas is recirculated through the DBD as the CO2 lasers [START_REF] Martini | Laser induced fluorescence in nanosecond repetitively pulsed discharges for CO2 conversion[END_REF].

Additionally, there are applications where the gas is enclosed in the DBD, such as excimer lamps, excimer based fluorescent lamps, and light panels, plasma display panels. The present work will focus particularly on the excimer lamps. [START_REF] Sosnin | EXCIMER LAMPS AND BASED ON THEM A NEW FAMILY OF ULTRAVIOLET RADIATION SOURCES[END_REF][START_REF] Kogelschatz | Dielectric-barrier Discharges: Their History, Discharge Physics, and Industrial Applications[END_REF][START_REF] Lomaev | Excilamps: efficient sources of spontaneous UV and VUV radiation[END_REF] The first experiments of the excimer lamps were made at the beginning of the 1980s by G.A Volkova´s group [START_REF] Volkova | Vacuum-ultraviolet lamps with a barrier discharge in inert gases[END_REF]. In these almost last forty years, various studies and applications have been developed by various research groups around the world. [START_REF] Sosnin | EXCIMER LAMPS AND BASED ON THEM A NEW FAMILY OF ULTRAVIOLET RADIATION SOURCES[END_REF][START_REF] Kogelschatz | Excimer Lamps: History, Discharge Physics, and industrial Applications[END_REF][START_REF] Carman | Enhanced performance of a dielectric barrier discharge lamp using short-pulsed excitation[END_REF][START_REF] Pipa | The simplest equivalent circuit of a pulsed dielectric barrier discharge and the determination of the gas gap charge transfer[END_REF][START_REF] Gellert | Generation of Excimer Emission in Dielectric Barrier Discharges[END_REF][START_REF] Tsvetkov | Dynamic pressure jump in barrier-discharge excilamps[END_REF][START_REF] Lomaev | Influence of Excitation Pulse Form on Barrier Discharge Excilamp Efficiency[END_REF][START_REF] Sosnin | KrCl Barrier-Discharge Excilamps: Energy Characteristics and Applications (Review)[END_REF][START_REF] Tarasenko | UV and VUV excilamps excited by glow, barrier and capacitive discharges[END_REF][START_REF] Tarasenko | Highpower excilamps with short-pulse duration[END_REF]. Specifically, power supplies for this kind of excimer lamps have also been commonly studied for several years by the CEPIT and GENESYS research groups of the Pontificia Universidad Javeriana (Colombia) and the Laplace Laboratory (France) respectively. The main objectives of the current research are:

• To observe the influence of the geometrical and electrical parameters in the UV production of excimer lamps, to maximize their energy efficiency.

• To develop a methodology of characterization for DBD, which would allow creating an optimization criterion for the UV generation. This methodology could bring help, in the future, to other DBD projects focused on decontamination of gases and particulate matter that come from Diesel motor exhausts [START_REF] Rueda | System for the research on NOx treatment based on Dielectric Barrier Discharges[END_REF];

• To set up an optimization process that will simultaneously handle the electrical parameters of the electrical energy converters and the geometrical properties of the excimer lamps.

To achieve this goal, secondary objectives are proposed:

• To design a specific power converter aimed at characterizing different geometries of DBD excimer lamps.

• To develop an automated acquisition system that allows the study of different DBD excimer lamps.

• To study the relationship between the electrical and geometrical parameters with the UV radiation and identify the optimal operating values.

Based on the objectives, the present document will display the research work organized in 4 chapters:

In the first chapter, we propose a brief review of different studies that are related or are used in the development of the research objectives. Among them:

• A review of different electrical models for DBDs,

• A review of different methods to supply DBDs.

Besides these reviews, studies related to the impact of the variations in the geometrical parameters will be examined, together with systems capable to measure the UV emission and to relate it with input variables as frequency, pressure on DBD, etc.

In the second chapter and based on the set of lamps that will be chosen for this research, the development of the power stage will be proposed: the design of the static energy converter will be detailed.

The third chapter addresses the design of an experimental test bench. This stage will allow to acquire and to store experimental data for the characterization of each one of the excimer lamps.

For this purpose, the system should:

• Control the operating condition, especially all the electrical parameters (frequency, current intensity, etc.) of the waveform used to supply the excimer lamps.

• Store all the available measurements and especially the UV emission and electrical power.

In the fourth chapter, we analyze the results of the experiments carried out on the excimer lamps. As a first step, a lamp, or a group of lamps of interest will be determined within the selected set, to observe the impact of the electrical parameters on the UV production and its efficiency. After that, an analysis of the complete set of lamps will be made to determine the impact of the geometry in the UV production, and finally, it will be verified that the impact of the electrical parameters is similar in the whole set of lamps.

In the last chapter and based on the results obtained in the previous chapters, an optimization process of the UV generation in the excimer lamps will be studied. For this purpose, an approximation of the UV response will be proposed as a function of the electrical and geometrical parameters of the DBD. This approach will show the preferable way to optimize each parameter, considering the system limitations; it will also point out how to generate a suitable waveform for the maximization of the UV emission and the best system's efficiency.

State of the art

In this section, previous works on DBDs are analyzed, starting with an introduction to excimer lamps and plasma discharges, in addition to different electric models used to describe the electrical behavior of the DBD. Different supply modes will be compared, and the impact of geometrical variations will be studied. Moreover, in this part, there is a study of different electrical converters appropriate for the current research and the characterization of the DBD, offering an efficient control of the electrical waveforms.

DBD excimer lamps

Previously, the DBD basic configurations were mentioned, and it was established that the excimer lamps are a specific type of DBD. It is important to note that not all excimer lamps are produced with DBD, there are different methods of building excimer lamps [START_REF] Sosnin | EXCIMER LAMPS AND BASED ON THEM A NEW FAMILY OF ULTRAVIOLET RADIATION SOURCES[END_REF], but the methods that have been the most effective are those built as DBDs, since they exploit the advantages, previously mentioned: non thermal discharge regime, absence of contact between the metallic electrodes and the gas mixture, extended lifetime.

The classic configuration of an excimer lamp, as shown in Fig. 1.1, is usually formed by:

• First, a dielectric container that is typically made of quartz or silica glass; usually two coaxial sealed cylinders are used for this container.

• Second, the electrodes, that are placed in contact with the dielectric container, the first wrapped on the external wall of the cylindrical container, and the second in contact with the inner wall of the cylindrical container, as Fig. 1.1 shows.

• Finally, the third part is the gas or the gas mixture, which is confined in the dielectric container. These three parts form the classical configuration of excimer lamps. [START_REF] Kogelschatz | Excimer Lamps: History, Discharge Physics, and industrial Applications[END_REF][START_REF] Lomaev | Excilamps: efficient sources of spontaneous UV and VUV radiation[END_REF] The name of the "excimer lamps" comes from the physical phenomena that occur in the discharge. The word "excimer" comes from the union of two words: excited and dimer, the latter being a molecule composed of two similar units or linked monomers [START_REF] Sosnin | EXCIMER LAMPS AND BASED ON THEM A NEW FAMILY OF ULTRAVIOLET RADIATION SOURCES[END_REF]. Therefore, the UV production of the excimer lamps is based on the following sequence:

• The high electrical field produces electrical discharges through the gas.

• The discharges produce excited species that create unstable association named "excimer".

• When returning to their ground state, the components of this unstable association release the excess energy in photon form, producing UV at a specific wavelength.

Discharge regimes in a gas

Because the electric discharge produces the excimers in DBD lamps, it is necessary to understand the different types of discharges. There are three kinds of discharges or regimes in a gas [START_REF] Boulos | Handbook of Thermal Plasmas[END_REF]. These regimes are named from their visual appearance, and they are: dark discharge regime, glow discharge regime, and arc discharge regime. It is important to recognize these regimes to ensure the correct operation of the excimer lamp and to take advantage of their characteristics.

Although being subdivided into other sub-regimes, each one of these 3 regimes will be described in a general way and the details are left for further reading out of the scope of this manuscript [START_REF] Roth | Industrial Plasma Engineering[END_REF]. Therefore, the classification is based on the voltage across the gas as a function of the current through the gas, as shown in Fig. 1.2. This figure is general for all low-pressure electrical discharge. The first regime is the dark discharge regime, it has 3 subdivisions and is characterized by the fact that most of these discharges are not perceptible to the human eye. The first subdivision is called ionization background (A-B): in this state, the electrons and ions produced by the ionization (cosmic rays) move towards the electrodes under the effect of a small electric field, and that causes a small current called ionization current. The second subdivision is called saturation regime (B-C): the increase of the voltage across the gas produces an increase in the ionization of the gas and therefore the number of electrons and ions increases; this sub-regime is characterized by an almost constant current called "current of saturation". When the voltage across the gas is further increased, it is possible to reach the third sub-regime called the Townsend regime (C-E): in this regime, the ionized particles and electrons concentrations increase due to the growth of the electric field produced by the voltage across the gas; this causes that electrons ionize nearby atoms or molecules and energy transfer is sufficient for the new electrons to produce other electrons; this causes a chain effect, as shown in Fig. 1.2, called the Townsend discharge. This figure shows a scheme as ions move towards the most positive potential of the electric field (anode): the movement of these ions produces other ions with nearby particles. It is important to mention that within the domain of the Townsend regime, the Corona effect (D-E) takes place: it is present in most of the industrial applications and the operating point is in the region between the dark discharge regime and the glow discharge regime.

The point which ends the dark discharge regimes is called the electrical breakdown; the associated voltage (VB) is characterized as the highest voltage present in the discharge; after reaching this point, the voltage across the gas decreases and the discharge enters in the glow regime: the lower limit voltage of this regime is called the threshold voltage (Vth) [START_REF] Boulos | Handbook of Thermal Plasmas[END_REF][START_REF] Massines | Glow and Townsend dielectric barrier discharge in various atmosphere[END_REF], as can be seen in Fig. 1.2.

Once the threshold voltage is reached, the discharge enters the glow regime, this is characterized by having a discharge visible to the human eye that is produced thanks to a high density of electrons that have a high energy level. This energy generates a visible discharge when the particles, due to their excitation, collide with other particles, releasing a great quantity of energy.

One of the main characteristics of this regime, that is exploited in our research, is that in the normal glow regime, first sub-regime of the glow regime (F-G), one can consider that the voltage remains constant, even when the current changes. Thanks to this behavior, which can be observed in Fig. 1.2, it is possible to generate a very simple electric model of the discharge in the gas as long as the discharge is in the normal glow regime [START_REF] Roth | Industrial Plasma Engineering[END_REF]30].

There is a second sub-regime in the glow regime, called abnormal glow regime (G-H): the latter is characterized by a strong increase in gas voltage as the current through the gas increases.

Although the two sub-regimes are similar, they differ by the increase in the intensity of light emitted by the discharge in the abnormal glow sub-regime.

According to Fig. 1.2, the arc regime (H-K) is the third regime of the discharges. The arc regime is defined in terms of its current density, potential difference, and luminous intensity. Luminous intensity characteristic is the main difference between the glow regime and the arc regime: discharges in the arc regime are characterized by their high light intensity, and the gas is fully ionized therefore the discharge has a thermal equilibrium. Additionally, this is named the domain of thermal plasma where its main application is as a source of heat, for example, mineral processing, plasma torches, arc furnaces, destruction of hazardous waste, and nanoparticle synthesis.

Within the arc regime, two sub-regimes take place. The first non-thermal (H-J), which is characterized by negative voltage slope, low light intensity within the regime of arc, and its wide thermal variation since in this regime the kinetic temperature of electrons can vary up to one order of magnitude. While the thermal arc discharge (J-K), is characterized by its low voltage across the gas, high light intensity, and small variation in the kinetic temperature of the electrons. [START_REF] Roth | Industrial Plasma Engineering[END_REF] 

Excimer lamps characteristics

Note that excimer lamps studied in this research are made with a DBD configuration, which allows these lamps to adopt benefits such as clean discharge, long service life, and diversity of geometries allowing adaptation to different applications.

The desirable discharge regime is "normal glow" since it maintains the temperature at low levels decreasing losses and the streamer density is higher [START_REF] Akashi | Effect of gas heating on excimer distribution in DBD Xe excimer lamp[END_REF]. Additionally, discharge gas voltage remains constant (Vth), simplifying the electric model of the DBD.

The possible discharge regimes in a gas have been presented. On this basis, it is important to identify the discharge mechanisms which occur within a DBD and the additional features for the specific case of an excimer lamp. In the DBD, when the current through the external electrodes is intensified, instead of increasing the current density in an existing streamer, a new streamer is created in the place where the electric field is the strongest, keeping a low temperature in the discharge. This means that the DBD configuration promotes a uniform discharge covering the whole surface, as Fig. 1.5 shows. This prevents the current density to increase indefinitely in a streamer; in other words, the dielectric barrier limits the local multiplication of electrons and therefore leads to a uniform discharge on DBD until filling the whole DBD surface. Therefore, dielectric barriers also prevent the plasma to increase its temperature [START_REF] Roth | Industrial Plasma Engineering[END_REF][START_REF] Meißer | Resonant Behaviour of Pulse Generators for the Efficient Drive of Optical Radiation Sources Based on Dielectric Barrier Discharges[END_REF][START_REF] Diez | Alimentation de puissance d'une lampe exciplexe à décharge à barrière diélectrique, en vue du contrôle du rayonnement[END_REF]. Also, given that the metallic electrodes are not in contact with the plasma, residues of deterioration of these electrodes are prevented from being stored in the walls of the dielectrics: this significantly increases the lifetime of the excimer lamps, compared to other types of discharges [START_REF] Zhang | Lifetime investigation of excimer UV sources[END_REF].

To increase the generation of UV in this type of lamps, usually a (semitransparent) metal mesh is used as the external electrode that allows extracting more radiation from the lamp. Another technique used to increase the UV emission in a selected direction is to use a mirror in the opposite part of the lamp [START_REF] Gellert | Generation of Excimer Emission in Dielectric Barrier Discharges[END_REF]. Excimer lamps may be constructed in a variety of possible geometries. For example, coaxial or plane configurations. [START_REF] Kogelschatz | Excimer Lamps: History, Discharge Physics, and industrial Applications[END_REF][START_REF] Meißer | Resonant Behaviour of Pulse Generators for the Efficient Drive of Optical Radiation Sources Based on Dielectric Barrier Discharges[END_REF].

The different gas mixtures, confined within the barriers, allow obtaining radiations with highintensity narrowband emission at various UV and VUV wavelengths, as can be seen in Fig. 1.6; moreover, excimer DBD lamps are mercury-free, which makes them especially environmentally friendly.

Fig. 1.6. Emission spectra of excimer lamps. [START_REF] Golkowski | Hydrogen-Peroxide-Enhanced Nonthermal Plasma Effluent for Biomedical Applications[END_REF] Different applications for the excimer lamps are now enumerated:

• A relatively straightforward application is the replacement of hot medium-pressure mercury lamps in UV curing processes on printing machines [START_REF] Chen | Influence of Nonthermal Plasma Reactor Type onCF4 and SF6 Abatements[END_REF].

• Remove hydrocarbon residues after chemical rinses [START_REF] Golkowski | Hydrogen-Peroxide-Enhanced Nonthermal Plasma Effluent for Biomedical Applications[END_REF].

• Pollution control and water treatment [START_REF] Foster | Perspectives on the Interaction of Plasmas With Liquid Water for Water Purification[END_REF][START_REF] Jiang | Effects of coaxial dielectric barrier discharge system on water treatment by water stream well mixed with air[END_REF][START_REF] Mercado-Cabrera | Chlorobenzene Degradation in Simultaneous Gas-Liquid Phases Assisted by DBD Plasma[END_REF].

• High-power excimer lamp systems of low cost [START_REF] Kogelschatz | Excimer Lamps: History, Discharge Physics, and industrial Applications[END_REF] to replace plasma treatments or expensive excimer lasers.

• This research will use 308 nm excimer lamps (XeCl), which have been previously used in the treatment of skin diseases [START_REF] Farkas | Applications of the 308-nm Excimer Laser in Dermatology[END_REF].

Note that other technologies can produce UV emission, mainly the lamps with mercury vapor mentioned previously, and the lamps based on LED technology. Currently, lamps with mercury vapor are widely used in the industry and are typically more efficient than excimer lamps, but the mercury is regulated or even prohibited in some countries due to the effect it has on the human health and on the environment. For example, in Colombia with the law 1658 of 2013 the government established a period of ten years to replace the technologies based on mercury and the period finishes in 2023 [START_REF] Sostenible | minambiente[END_REF]. Additionally, in some applications, studies have shown higher efficiencies using excimer lamps than mercury lamps [START_REF] Masoud | High efficiency fluorescent excimer lamps: An alternative to mercury based UVC lamps[END_REF][START_REF] Ma | UV Inactivation of SARS-CoV-2 across the UVC spectrum: KrCl* excimer, mercury-vapor, and LED sources[END_REF]. In consequence, the excimer lamps are an excellent alternative to take up the mercury place in the industry.

On the other side, LED technology is an emerging field in electronics for efficient and environmentally friendly UV production, but these types of systems currently do not reach the levels of electrical power that can be achieved with excimer lamps at low wavelengths.

Additionally, in some specific applications, excimer lamps have shown better efficiency than LED technology [START_REF] Ma | UV Inactivation of SARS-CoV-2 across the UVC spectrum: KrCl* excimer, mercury-vapor, and LED sources[END_REF]. In such a way, for the moment excimer lamps are a better alternative to LED technology in terms of electric power and efficiency.

DBD model

Since the development of ozone generation, an electrical model has appeared to be necessary to describe the electrical behavior of the DBD. Such a model makes it possible to anticipate the system outputs, such as the electrical power and the peak voltage across the DBD, based on the inputs of the system, the waveforms injected into the DBD (current or voltage).

Besides, it is essential to establish an electrical model for the selection of a supply mode as well as for the design of a DBD supply system.

One of the first and most important works in the development of a model for DBDs devices, as previously mentioned, has been the Manley research [START_REF] Manley | THE ELECTRIC CHARACTERISTICS OF THE OZONATOR DISCHARGE[END_REF]. Not only did he deduce the first expression to calculate the power on the discharge, but he also obtained an electrical model based on the electrical Q-V (charge vs. voltage) curves. • The behavior of the dielectric is represented by two capacitances (Cde and Cdi).

• The behavior of the gas, when the discharge is not ignited, is represented by a capacitance (Cg).

It is important to highlight these capacitances because they are common to all the models found in the literature [START_REF] Martini | Laser induced fluorescence in nanosecond repetitively pulsed discharges for CO2 conversion[END_REF][START_REF] Lomaev | Excilamps: efficient sources of spontaneous UV and VUV radiation[END_REF][START_REF] Volkova | Vacuum-ultraviolet lamps with a barrier discharge in inert gases[END_REF][START_REF] Carman | Enhanced performance of a dielectric barrier discharge lamp using short-pulsed excitation[END_REF][START_REF] Pipa | The simplest equivalent circuit of a pulsed dielectric barrier discharge and the determination of the gas gap charge transfer[END_REF][START_REF] Massines | Glow and Townsend dielectric barrier discharge in various atmosphere[END_REF]30,[START_REF] Diez | Current-Mode Approach in Power Supplies for DBD Excilamps: Review of 4 Topologies[END_REF][START_REF] Florez | Square-Shape Current-Mode Supply for Parametric Control of the DBD Excilamp Power[END_REF] and are the reason why the DBD is a capacitive load.

Concerning the non-linearities in the gas behavior, these are to be represented by the question mark box in Fig. 1.7 (right). In Manley's studies, it has been established, using the Q-V curve shown in Fig. 1.8, that in DBD, there are two different states, each one being associated with parts of the Manley's diagram:

• B-D and E-A sections of the parallelogram, where the discharge is in the normal glow regime (see Fig. 5).

• D-E and A-B sections are dark periods when the discharge is OFF, and gas in dark regime (see Fig. 5). Based on Manley's analysis, a non-linear electrical model for the discharge is inferred, as presented in Fig. 1.9:

• As for the discharge periods, Manley considered initially that the gas could be modeled with only a variable resistance (Rg). But this model does not explain the change in the value of the capacitance between the dark period and discharge periods; for this reason, the gas is modeled with a variable resistance in parallel to the gas capacitance (Cg and Rg).

• Dark periods are associated with a capacitive behavior of the discharge. Therefore, the entire DBD is modeled as the equivalent series capacitance of the gas and the dielectrics capacitances. In this case, the question mark box acts as an open circuit. This establishes a simplified model commonly used to describe the electrical characteristics of the DBD. [START_REF] Manley | THE ELECTRIC CHARACTERISTICS OF THE OZONATOR DISCHARGE[END_REF][START_REF] Pipa | The simplest equivalent circuit of a pulsed dielectric barrier discharge and the determination of the gas gap charge transfer[END_REF]. applications, the operating point, or the converter used to supply them. Therefore, some models will be studied and the most suitable for this research will be chosen.

As mentioned earlier, some works prefer the use of a simplified model to obtain a linear model of the DBD. In this type of model, the variable resistance is simplified as a resistor where it represents the electrical power consumed by the discharge, while the capacitances of the dielectric and the gas are approximated to an equivalent capacitance, as shown in Fig. 1.10.

There are different methodologies to find the values of the resistance and the capacitor [START_REF] Amjad | A Simple and Effective Method to Estimate the Model Parameters of Dielectric Barrier Discharge Ozone Chamber[END_REF] and the main advantage that is observed in this model is the simplification of the electric circuit; it is mostly used in cases where the power supply is a sinusoidal source [START_REF] Amjad | A Simple and Effective Method to Estimate the Model Parameters of Dielectric Barrier Discharge Ozone Chamber[END_REF][START_REF] Amjad | Analysis, Design, and Implementation of Multiple Parallel Ozone Chambers for High Flow Rate[END_REF][START_REF] Amjad | Analysis and Implementation of Transformerless LCL Resonant Power Supply for Ozone Generation[END_REF]. The main disadvantage of this model is that it is valid at only one operating point: if the electric power changes, the value of the resistance needs to be adjusted (𝑃 𝐷𝐵𝐷 = 𝑉 𝐷𝐵𝐷 2 𝑅 ). One of the most used variants in DBD studies is the model based on the assumption that the discharge always happens in the normal glow regime: the variable resistance of Fig. 1.9 is replaced by an electrical dipole which imposes a +Vth if the gas current is positive and a -Vth voltage when the gas current is negative. This circuit is presented in Fig. 1.11. Some works have included more complex models with variable current sources, as shown in Fig. 1.12, which change the value of the gas capacitance to obtain a better approximation of the behavior of the gas in the discharge region: since the physical properties of the gas change when the discharge in the DBD occurs [START_REF] Fang | Electrical Model and Experimental Analysis of the Atmospheric Pressure Homogeneous Dielectric Barrier Discharge in He[END_REF][START_REF] Narayan | Multiswitch Equivalent Electrical Model to Characterize Coaxial DBD Tube[END_REF], resistors have been used in series with the dielectric capacitance and in parallel with the gas capacitance to obtain a better approximation of the losses in the discharge and the power injected into it [30,[START_REF] Nersisyan | Characterization of a dielectric barrier discharge operating in an open reactor with flowing helium[END_REF]. As well as the DBD model may depend on the application, for example, the DBDs plasma-jet, which generally uses a capacitance and resistance additional to model this kind of DBD [START_REF] Mongue-Daugé | Experimental Study Coupled with Electrical Modeling for the Consideration of DBD-Based Plasma Jet[END_REF]. 12. An electrical model with variable capacitance. Taken from [START_REF] Amjad | Analysis and Implementation of Transformerless LCL Resonant Power Supply for Ozone Generation[END_REF] and [START_REF] Fang | Electrical Model and Experimental Analysis of the Atmospheric Pressure Homogeneous Dielectric Barrier Discharge in He[END_REF] respectively.

Besides, other complex models have been developed, where the behavior of the conductance is represented by a black box [START_REF] Massines | Glow and Townsend dielectric barrier discharge in various atmosphere[END_REF][START_REF] Naudé | Electrical model and analysis of the transition from an atmospheric pressure Townsend discharge to a filamentary discharge[END_REF][START_REF] Lopez | Parameters Identification and Gas Behavior Characterization of DBD Systems[END_REF], or also completely modeling the discharge by numerical methods relating physical and optical variables [START_REF] Ghassemi | A Detailed Model for Discharge Initiation in Argon at Atmospheric Pressure in Presence of Dielectric Barriers[END_REF][START_REF] Shao | One Dimensional Modeling of Dielectric Barrier Discharge in Xenon[END_REF][START_REF] Wang | On the Discharge Mode of pulsed DBD in Nitrogen at Atmospheric Pressure[END_REF][START_REF] El-Deib | Modeling of and Driver Design for a Dielectric Barrier Discharge Lamp[END_REF].

Different models have been studied, the advantages and disadvantages of these have been considered. The linear model is not a good option for our investigation, since different operating points will be explored, and the use of this model would introduce a large error in the analysis.

Models where variable capacitances and dependent sources make the analysis unnecessarily complex, which hinders the power supply design and does not provide a substantial improvement in the results.

For this study, an electrical model has been chosen, where the dielectrics are modeled by a capacitor, and the gas by a capacitor and a conductance in parallel, as the one shown in Fig. 1.11. This model allows us to find theoretical values for its parameters, relating geometrical, chemical, and physical characteristics of the lamps.

To analyze the impact of the geometry of the lamp on the dimensioning of the power supply, theoretical expressions are used, such as the capacitance equation of a cylindrical capacitor and the Paschen's law, necessary to find out the breakdown voltage (Vth) in the discharge working in the normal glow regime; the electrical model and the estimation of the parameters will be detailed in Chapter 2.

Supply mode of DBD devices

The properties of the power supply are an important aspect concerning the performances of the DBD. In former experiments discharges supplied with sinusoidal voltage waveforms where the most common; but recent studies have compared pulse voltage generators versus sinusoidal voltage generators and have shown differences in the obtained discharges [START_REF] El-Deib | Modeling of and Driver Design for a Dielectric Barrier Discharge Lamp[END_REF]: one of the main differences shown by the discharges supplied with a pulse voltage generator is that the DBD reaches their ignition with a density of electrons much lower than a discharge supplied with a sinusoidal generator [START_REF] El-Deib | Modeling of and Driver Design for a Dielectric Barrier Discharge Lamp[END_REF]. Also, the rapid application of the electric field within the gas, increases the energy of the electrons simultaneously throughout the whole volume, allowing a more homogeneous discharge [START_REF] Carman | Enhanced performance of a dielectric barrier discharge lamp using short-pulsed excitation[END_REF].

Additionally, other studies have found that discharges generated by pulses are more efficient than discharges with sinusoidal generators, understanding efficiency as the ratio between the average UV power emitted by the DBD and the electrical power measured at the terminals of the DBD [START_REF] Doanh | Estimation of the Light Output Power and Efficiency of a XeCl Dielectric Barrier Discharge Exciplex Lamp Using One-Dimensional Drift-Diffusion Model for Various Voltage Waveforms[END_REF]; due to the diffuse discharge mode produced by the pulsed excitation, this happens when discharges are produced at high pressure [START_REF] El-Deib | Modeling of and Driver Design for a Dielectric Barrier Discharge Lamp[END_REF][START_REF] Carman | High-pressure (>1 bar) dielectric barrier discharge lamps generating short pulses of high-peak power vacuum ultraviolet radiation[END_REF].

It is also of prominent importance to consider the influence that the supply mode has on the DBD. Here, the "supply mode" refers to the variable that the user wants to impose on the DBD (voltage or current) to inject a given electrical power [START_REF] Díez | Current Mode Converter for Dielectric Barrier Discharge Lamp[END_REF].

The voltage mode approach is the most used. It consists in choosing the voltage waveform as the input parameter to the DBD. Due to the capacitive nature of DBDs, mentioned previously, the voltage supply mode does not allow to control the current and power waveforms efficiently, and it is the highest drawback of this mode. Indeed, the derivative relationship is shown in Eq.

1.1, between voltage and current, does not allow to easily determine parameters such as the duration and amplitude of the current waveform, because it will depend on the rise and fall times of the voltage waveform that could be very difficult to control in practice, as well as, mostly impossible to determine during the design time.

However, this method allows to control the maximum peak voltage on the DBD and vary the electric power as a function of the frequency of the applied voltage. This control is obtained through a preliminary stage of trial and error, using an oversized system. This is the approach described in works [START_REF] Tarasenko | UV and VUV Excilamps with high peak power[END_REF][START_REF] Saleh | Multistage and Multilevel Power Electronic Converter-Based Power Supply for Plasma DBD Devices[END_REF][START_REF] Schitz | Effective excitation of DBD lamp with a long feedline[END_REF], where this voltage mode is used.

The expression of the electrical power can be easily deduced by considering the average power as:

The equation of the electrical power on the DBD is obtained thanks to the fact that the DBD model is composed of conductance and two capacitances (Cg and Cd). Capacitances are

t v v C i gas DBD d DBD d ) ( d -  = Eq. 1.1 𝑃 𝐷𝐵𝐷 = 1 𝑇 ∫ 𝑖 𝐷𝐵𝐷 ⋅ 𝑣 𝐷𝐵𝐷 𝑑𝑡 𝑇 0 = 1 𝑇 ∫ 𝐶 𝑑 ⋅ 𝑑(𝑣 𝐷𝐵𝐷 -𝑣 𝑔𝑎𝑠 ) 𝑑𝑡 ⋅ 𝑣 𝐷𝐵𝐷 𝑑𝑡 𝑇 0 Eq. 1.2
considered as non-dissipative energy elements, so the DBD electric power is equal to the power consumed by the conductance.

Therefore, Eq. 1.2 shows how the electrical power depends on the frequency (f) and how the DBD current (iDBD) is related to the voltage with a differential equation, therefore, to find the electric power, the product must be calculated between the DBD voltage (vDBD) and the result of the differential equation (Eq. 1.1).

The other supply mode is the "current mode", which has taken relevance in recent years due to the advantages it offers over the voltage mode. The current mode consists in controlling the current waveform injected into the DBD, in such a way that the voltage waveform and the electrical power can be deduced using the characteristics of the current waveform and the DBD electrical model, as illustrated in Eq. 1.3.

t i C v v DBD d gas DBD d 1  + = Eq. 1.3
Eq. 1.3 shows the integral relationship between current and voltage, which implies that the voltage across the DBD can be easily deduced. So, the current mode allows to anticipate the value of the maximum peak voltage on the DBD, the injected electrical power, and obviously, the injected current intensity; this allows controlling the power on the DBD much more easily and gives to the user more control parameters on the electrical power. This mode permits also to correctly select the components of the power supply from the design stage, avoiding oversizing or damage during experimentation.

The electrical power in the current mode is deduced in a similar way to the voltage mode.

Eq. 1.2 and Eq. 1.4, are very similar, but if we consider that the DBDs are working in the glow discharge regime (regime used in this application), this makes the voltage across the gas constant, as seen in section 1.1.1.

𝑃 𝐷𝐵𝐷 = 1 𝑇 ∫ 𝑖 𝐷𝐵𝐷 ⋅ 𝑣 𝐷𝐵𝐷 𝑑𝑡 𝑇 0 Eq. 1.4
Eq. 1.2 requires the calculation of the integral of the product of a constant with the result of differential equation Eq. 1.1. While Eq. 1.4 requires the calculation of the integral of the product of a constant with the input variable. This makes Eq. 1.4 easier to solve and electrical power can be controlled more directly.

Influence of the electrical parameters on the excimer lamps efficiency

Previous research has shown the need to optimize the DBD to generate more efficient systems [START_REF] Florez | Square-Shape Current-Mode Supply for Parametric Control of the DBD Excilamp Power[END_REF][START_REF] Rubio | Power Supplies for the Study and Efficient use of DBD Excimer UV Lamps[END_REF]; for this reason, it is necessary to relate various electrical and geometric parameters in the efficiency of the DBD.

For example, previous studies propose supply systems that take advantage of current mode supply allowing the user to have more control over the instantaneous power waveform injected into the DBD. [START_REF] Florez | Square-Shape Current-Mode Supply for Parametric Control of the DBD Excilamp Power[END_REF] In [START_REF] Florez | Square-Shape Current-Mode Supply for Parametric Control of the DBD Excilamp Power[END_REF][START_REF] Rubio | Power Supplies for the Study and Efficient use of DBD Excimer UV Lamps[END_REF], authors propose a system capable of supplying excimer lamps with adjustable square current pulses, configured using different values of frequencies, discharge time, and current intensity. Thanks to these experimental tests it is possible to show the influence of some electrical parameters on the efficiency of the system.

For instance, in Fig. 1.13 presented in [START_REF] Rubio | Power Supplies for the Study and Efficient use of DBD Excimer UV Lamps[END_REF], an experiment shows the UV emitted by an excimer lamp as a function of the electrical power injected into it, classified by one of the three possible degrees of freedom of the power supply: frequency, current intensity and discharge time (via the duty cycle of pulses). Taken from [START_REF] Saleh | Multistage and Multilevel Power Electronic Converter-Based Power Supply for Plasma DBD Devices[END_REF] The first observation of the experiment in Fig. 1.13 is that there is a clear and natural trend, where the UV increases as the electrical power is increased. Nevertheless, a very interesting point of the experiment is that one can see different OPs with the same value of the electric power, and with different UV value emitted by the excimer lamp (e.g., red rectangle on Fig.

1 .13). This means that not only the electrical power governs the UV emission, but the electrical parameters controlled by the power supply have inference in UV production.

This type of experiment makes clear the need for a correct characterization of the excimer lamp.

Therefore, a versatile system is proposed and developed in the present work:

First, a power stage that allows controlling different electrical parameters in the waveforms injected into the DBD, which can supply an entire set of excimer lamps with different geometries, to study the influence of the electric and geometric parameters in the efficiency of the system. The design and experimental tests of the system will be detailed in the next chapters.

Second, an acquisition stage that permits obtaining the necessary measurements for the characterization of the excimer lamps, such as electrical measurements, temperature, and UV emission. To capture and store the measurements from the sensors, specific software is designed in this work, capable, among other tasks, of automatically capture, filter and store data; also, able to set different OPs for each excimer lamp in real-time, perform parameter identification for the DBD model, etc. This system eases the analysis and characterization of each excimer lamp concerning the control variables (electrical parameters and geometrical parameters).

Conclusions

The different plasma discharge regimes have been studied, establishing, and defining the regime that takes place during excimer lamps operation.

After the analysis of the excimer lamp's advantages and its operating regime, different electrical models for the excimer lamps have been analyzed and a model that takes advantage of the operating regime has been defined (normal glow regime). It provides an identification facility for the design and sizing of the power supply. The detailed use of this model is presented in the next chapter.

Besides, state-of-art research has been studied, where the influence of the electrical parameter in the UV emission of excimer lamps is evidenced.

It points out the need:

• To analyze the impact of electrical parameters.

• To design a system that will allow to relate the influence of these parameters in the UV generation.

Supplying the DBD lamps

As previously shown, the energy conversion efficiency in DBD excimer lamps seems to be a function of the electrical parameters of its power supply. To study in deep this effect, the system described in Fig. 2.1 is proposed in this work. That system, to be explained in detail in chapter 3, is capable of sweeping, automatically, the different electrical parameters of the power stage and of taking the electrical, temperature, and UV measurements for each operating point (OP).

The power stage can be considered as the main part of this system and will be developed in the present chapter. This converter is designed bearing in mind that the efficiency investigation will be carried out in 19 lamps with different measurements in the DBD coaxial configuration. This, to enhance the efficiency study to the effect that the lamp geometry can have over the UV emission, besides the influence of the electrical parameters mentioned before.

The present chapter, at first, will review the power converters used in the literature to supply DBDs, then will show the selection and the dimensioning of the converter structure that has been selected, to comply with a wide range in the operating points for the 19 different lamps available for experimentation. 

Review of power converters for DBDs

It is important to mention the characteristics that a power supply must have to supply a DBD excimer lamp: the power stage must attain or support a voltage of several kV at a hundred of kHz, making, in most cases, necessary to add a step-up transformer to adapt this high voltage to the limits of available semiconductor switches on the market. The DBD voltage and current waveforms must be alternate, with zero average considering the capacitive nature of the excimer lamps.

In the literature numerous power converter architectures are found to supply DBDs, those can be separated in hard switched and resonant topologies. In the first group, converters based on choppers of one or two quadrants are used. Usually, one quadrant chopper converters are used in voltage-mode supply mode for DBDs, as the one shown in Fig. 2.2. Here it is possible to find step-down, step-up, isolated and non-isolated structures, as: buck [START_REF] Hao | Energy Compression of Dielectric Barrier Discharge With Third Harmonic Circulating Current in Current-Fed Parallel-Series Resonant Converter[END_REF], boost [START_REF] Saleh | Multistage and Multilevel Power Electronic Converter-Based Power Supply for Plasma DBD Devices[END_REF], buck-boost [START_REF] Fang | Compact Microsecond Pulsed Power Generator Driven by Solar Energy for Dielectric Barrier Discharge Applications[END_REF], push-pull [START_REF] Koliadimas | A Microcontroller-Based Modular Pulsed H.V. Power Supply: Design, Implementation, and Tests on DBD-Based Plasmas[END_REF], flyback [START_REF] Dragonas | High-Voltage High-Frequency Arbitrary Waveform Multilevel Generator for DBD Plasma Actuators[END_REF], etc. These topologies must be connected with a configuration that generates a pulsed signal, such as half bridge, full bridge, or with a single switch, in many of these cases a decoupling capacitor is required to eliminate the DC voltage level on the transformer and avoid saturation. This type of converters allows to control the voltage level, the frequency, and the duty cycle (if it applies) on the DBD. They usually present high losses due to the hard-switching operation. The two-quadrant chopper-based converters are usually used in current-mode power supplies, thanks to the instantaneous current control [START_REF] Florez | Square-Shape Current-Mode Supply for Parametric Control of the DBD Excilamp Power[END_REF][START_REF] Rubio | Power Supplies for the Study and Efficient use of DBD Excimer UV Lamps[END_REF]. Nevertheless, it is also possible to find works of DC current sources in cascade with current inverters, for DBDs, using a singlequadrant chopper to control the DC current, as reported in [START_REF] Chang | Analysis and Design of a Current-Source CLCC Resonant Converter for DBD Applications[END_REF] with the converters shown in While the converters presented before do not directly consider the load to assure their output waveform, the resonant converters [START_REF] Rubio | Power Supplies for the Study and Efficient use of DBD Excimer UV Lamps[END_REF][START_REF] Hao | Energy Compression of Dielectric Barrier Discharge With Third Harmonic Circulating Current in Current-Fed Parallel-Series Resonant Converter[END_REF][START_REF] Koliadimas | A Microcontroller-Based Modular Pulsed H.V. Power Supply: Design, Implementation, and Tests on DBD-Based Plasmas[END_REF][START_REF] Chang | Analysis and Design of a Current-Source CLCC Resonant Converter for DBD Applications[END_REF][START_REF] Bonnin | A High Voltage High Frequency Resonant Inverter for Supplying DBD Devices with Short Discharge Current Pulses[END_REF][START_REF] El-Deib | Analysis and Experimental Validation of a New Current-Controlled Driver for a Dielectric Barrier Discharge Lamp[END_REF][START_REF] Babaie | Effect of Pulsed Power on Particle Matter in Diesel Engine Exhaust Using a DBD Plasma Reactor[END_REF][START_REF] López-Fernández | A 10-to 30-kHz Adjustable Frequency Resonant Full-Bridge Multicell Power Converter[END_REF] employ a different approach to supply the DBD, and are widely used in many applications. Fig. 2.4 shows an example of one of these topologies, which take advantage of the capacitive nature of the DBD, to form a resonant tank, reducing the number of components, while optimizing size, price, and improving the efficiency of the converter. This type of converters is characterized for having high efficiency and this is mainly due to their soft switching, which allows them to highly reduce the switching losses.

One of the main disadvantages of resonant converters is that, due to their nature, it is very difficult to vary the electrical parameters of the converters, which is why most systems that work with resonant converters are designed for a specific operating point or very narrow range of operation. The other disadvantage is that, in this type of converters, the LC tanks select or filter specific harmonics of the input signal of the tank: this means that the waveform of the output is almost always sinusoidal or quasi sinusoidal and other waveforms are not achievable. In conclusion, the selection of the converter topology to supply a DBD can include several factors that are related to the objective for which the system is conceived. Criteria such as efficiency, versatility, waveform, or supply mode could be used to choose the topology of the power converters of the system.

What is important to highlight after the revision of various kind of converters in DBD applications is that the converters that will be used in this research follow the criteria established previously:

• A robust system that allows supplying a diverse set of excimer lamps with replicability,

• A versatile supply, allowing to vary the electrical parameters of the waveform injected into the DBD.

• A system that permits establishing relationships between the electrical parameters and the amount of UV, such as the efficiency of the excimer lamp.

Power stage parameters

In chapter 1, the analysis performed by different authors on the influence of the electrical power supply characteristics on the operation of the DBDs was presented. This chapter also shows the advantages of a current supply mode.

To illustrate, how a current-mode converter allows a flexible control of the power injected into the DDB, a current injected into the DBD (iDBD) is assumed, as shown in Fig. The other waveforms shown in Fig. 2.5 are obtained as follows:

The model allows to calculate the gas voltage (vgas), using Eq. 1.3, with two boundaries (+Vth or -Vth) when there is a discharge inside the DBD. The sign depends on the current direction.

This behavior is due to the chosen conductance model that estimates a normal glow discharge in average in the excimer lamp, and therefore, a constant voltage when the discharge occurs.

The gas current (igas) is equal to the DBD current iDBD once the discharge is ignited (vgas = ±Vth) because there is no voltage change in Cg and therefore its current is zero (𝑖 𝐶 𝑔 = 𝐶 𝑔 𝑑𝑣 𝑑𝑡

).

The DBD voltage (vDBD) is found by adding the gas (vgas) and dielectric voltages (vCd). The dielectric voltage is calculated directly with the imposed current (iDBD) and the integral equation of a capacitor.

The time it takes for the gas voltage to increase from -Vth to +Vth is defined as the threshold time (tth), this time can be significant depending on the values of the frequency and duty cycle, therefore the discharge duration is defined as δ = DT/2tth, and this is a control parameter of the current waveform.

Thus, the waveform of electrical gas power (pgas) is the product of a constant voltage (±Vth) and the current waveform (igas). Note that the waveform of the gas power follows closely the absolute value of the injected current into the DBD. Given the periodicity of the signal, the value of the average electrical power in the DBD is shown in Eq. 2.1 (equal to the average gas power because there is no other dissipative element in the DBD model).

𝑃 𝑔𝑎𝑠 = 2 𝑇 ∫ 𝑉 𝑡ℎ • 𝐼(𝑡) 𝑑𝑡 𝐷𝑇 𝑡 𝑡ℎ Eq. 2.1
By replacing the current function with the function of a rectangular current waveform in Eq.

2.1, the Eq. 2.2 is deduced. Therefore, it is possible to see the mentioned advantages:

• This allows to easily and accurately control the instantaneous and average power injected into the DBD (I).

• This adds another control parameter that is named as discharge duration (δ) or duty cycle (D) of the rectangular signal, as shown in Fig. 2.5.

𝑃 𝑔𝑎𝑠 = 2 𝑇 ∫ 𝑉 𝑡ℎ • 𝐼 𝑑𝑡 𝑡 𝑡ℎ +𝛿 𝑡 𝑡ℎ = 2 • 𝑉 𝑡ℎ • 𝐼 • 𝑓 • δ Eq. 2.2
Therefore, with this supply mode, the electrical power control is easy. Besides, it is important to mention that studies have pointed out a relationship between the generation of UV and the current injected into the DBD [START_REF] Saghi | Effects of the Operating Conditions on the UV-B (308 nm) Power and Efficiency of the XeCl * Barrier Discharge Excilamp[END_REF]; based on this hypothesis the current-mode allows better control of UV generation [START_REF] Díez | Current Mode Converter for Dielectric Barrier Discharge Lamp[END_REF].

Considering the control of the power that is achievable, our work focuses on designing a square current supply that gives to the system three degrees of freedom:

• Frequency (f),

• Duty cycle (D),

• Current intensity (I).

First, it should be mentioned that the discharge duration (δ), which defines the injected power, is a parameter that is not directly measurable. In contrast, the pulse duration (DT) is easily known, for this reason, it is used to control the power stage.

According to the gas voltage waveform, this quantity varies between +Vth and -Vth, that is the gas voltage variation is equal to 2 Vth. Before the moment (tth) of the threshold (when the gas voltage reaches the Vth level), the gas current flows through the gas capacitance (Cg); therefore, the slope of the gas voltage waveform is equal to the current intensity (I) divided by the gas capacitance (Cg). Using this property, it is possible to find the value of the threshold delay (tth).

2𝑉 𝑡ℎ = 𝐼 𝐶 𝑔 𝑡 𝑡ℎ 𝑡 𝑡ℎ = 2𝑉 𝑡ℎ 𝐶 𝑔 𝐼 Eq. 2.3
Now it is possible to relate the discharge duration and the pulse duration:

𝐷𝑇 = 𝑡 𝑡ℎ + 𝛿 𝐷 = 2𝑉 𝑡ℎ 𝐶 𝑔 𝑓 𝐼 + 𝑓𝛿 or 𝛿 = 𝐷𝑇 - 2𝑉 𝑡ℎ 𝐶 𝑔 𝐼 Eq. 2.4
Considering that the duty cycle and the discharge duration are related in a mathematical expression, the theoretical expression for the electric power transferred into the DBD can be deduced from the gas power waveform (pgas).

𝑃 = 𝑝 𝑔𝑎𝑠 = 2 • 𝑉 𝑡ℎ • 𝐼 • 𝑓 • 𝛿 or 𝑃 = 𝑉 𝑡ℎ • 𝐼 • 𝐷 -4 • 𝑓 • 𝐶 𝑔 • 𝑉 𝑡ℎ 2 Eq. 2.5
Finally, the expression of the peak voltage on the DBD can be found with the addition of the voltages across the gas capacitance and the dielectric capacitance. The Eq. 2.5 and Eq. 2.6 show that the expressions for the electric power and peak voltage are functions, not only of the electrical parameters but, of the parameters of the electrical model of the DBD. For this reason, in the following subsection the values of those parameters are considered before starting with the power supply design.

2𝑉

Range of the DBD parameters

The following process will define the range of values for the parameters of the electrical model shown in Fig. 1.11, based on theoretical formulas for the 19 lamps available for testing.

Experimental measurements from previous works are also considered. The geometrical parameters to be included in the analysis are defined hereafter, as shown in Fig. 2.6, which is a lateral view of the excimer lamp shown in Fig. 1.7 As can be appreciated in Table 2.1, the 19 bulbs can differ through the values of:

• The inner radius (a),

• The external radius (b),

• The dielectric thickness (T).

It is worth to mention that length is 60 cm in the entire set, but it is decreased to 30 cm for all the lamps reducing their electrodes: also, that lamps present different gas volumes. The 19 different excimer lamps will be considered and the parameters of this model (Cd, Cg, and Vth). [START_REF] Diez | Alimentation de puissance d'une lampe exciplexe à décharge à barrière diélectrique, en vue du contrôle du rayonnement[END_REF][START_REF] Rubio | Power Supplies for the Study and Efficient use of DBD Excimer UV Lamps[END_REF] need to reflect the variations of their geometry.

First, the dielectric capacitance (Cd) is the equivalent series of the two barrier capacitances (external and internal tubes). To find these values, the theoretical equation for the capacitance of a cylinder (Eq. 2.7) is reminded:

𝐶 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 = 2𝜋•𝜀 𝑚 •𝑙 𝑙𝑛( 𝑥 𝑦 )
Eq. 2.7

x, y, are the external and internal radius respectively, l is the length of the cylinder and 𝜀 𝑚 is the dielectric permittivity of the material.

Using the geometric parameters introduced in Fig. 2.6, and considering the series-connected equivalent capacitances of the two glass walls:

𝐶 𝑑 = 2𝜋•𝜀 𝑑 •𝜀 0 •𝑙 𝑙𝑛( 𝑎•𝑏 𝑇 2 +𝑎•𝑇+𝑏•𝑇+𝑎•𝑏 ) Eq. 2.8
a, b, T, and l are the geometrical variables shown in Fig. 2.6 and 𝜀 𝑑 is the dielectric permittivity of the quartz (𝜀 𝑑 ≈ 3.8 [START_REF] Wong | The physics factbook[END_REF]).

Similarly, the value of the gas capacitance is estimated with the following equation:

𝐶 𝑔 = 2𝜋 • 𝜀 𝑔 • 𝜀 0 • 𝑙

𝐼𝑛 ( 𝑏 -𝑇 𝑎 + 𝑇 )

Eq. 2.9

a, b, T, and l are the geometrical variables shown in Fig. 2.6 and 𝜀 𝑔 is the dielectric permittivity of the gas mixture (in our case: XeCl).

Finally, to find out the value of Vth, Paschen's law is used [START_REF] Roth | Industrial Plasma Engineering[END_REF] considering that all the discharges will occur in the normal glow regime, as presented in chapter 1.

𝑉 𝑡ℎ = 𝐶 • 𝑝 𝑔𝑎𝑠 • 𝑑 𝐼𝑛 ( 𝐴 • 𝑝 𝑔𝑎𝑠 • 𝑑 𝐼𝑛 (1 + 1 𝛾 ) ) Eq. 2.10
Where:

• A is a constant that depends on the electron kinetic temperature,

• C is related to A and the effective ionization potential V* (C=A V*),

• 𝒑 𝒈𝒂𝒔 is the gas pressure,

• d is the distance between dielectrics (gas gap d=(b-T)-(a+T)),

• 𝜸 is the electron emission coefficient.

With the Eq. 2.8, Eq. 2.9 and Eq. 2.10 the values of the parameters of the equivalent circuit of each lamp can be found. Nevertheless, some of the constants as 𝒑 𝒈𝒂𝒔 , 𝜸 and, 𝜀 𝑔 which appear in the previous equations are not detailed by the supplier of the excimer lamps. For this reason, the following expressions (approximations presented in equations Eq. 2.11, Eq. 2.12 and Eq.

2.13) are considered, minimizing the number of constants: the latter are numerically defined, using previously analyzed lamp samples, for which the Cg, Cd, and Vth parameters have been estimated based on the Manley diagram methodology [START_REF] Manley | THE ELECTRIC CHARACTERISTICS OF THE OZONATOR DISCHARGE[END_REF].

𝐶 𝑔 = 2𝜋•𝜀 𝑔• 𝑙 𝐼𝑛( 𝑏-𝑇 𝑎+𝑇 ) ≈ 𝐾 𝑔 •𝑙 𝐼𝑛( 𝑏-𝑇 𝑎+𝑇 )
Eq. 2.11

𝐶 𝑑 = 2𝜋 • 𝜀 𝑑 • 𝑙 𝑙𝑛 ( 𝑎 • 𝑏 𝑇 2 + 𝑎 • 𝑇 + 𝑏 • 𝑇 + 𝑎 • 𝑏 ) ≈ 𝐾 𝑑 • 𝑙 𝑙𝑛 ( 𝑎 • 𝑏 𝑇 2 + 𝑎 • 𝑇 + 𝑏 • 𝑇 + 𝑎 • 𝑏 ) Eq. 2.12 𝑉 𝑡ℎ = 𝐶 • 𝑝 𝑔𝑎𝑠 • 𝑑 𝐼𝑛 ( 𝐴 • 𝑝 𝑔𝑎𝑠 • 𝑑 𝐼𝑛 (1 + 1 𝛾 ) ) ≈ 𝐾 𝑡ℎ • 𝑑 𝐾 ′ + 𝐼𝑛(𝑑) Eq. 2.13
Expressions are given in Eq. 2.11, Eq. 2.12 and Eq. 2.13 only depend on the geometrical parameters and constants, Kg, Kd, Kth, and K': these values are found using preliminary experimental tests utilizing one excimer lamp with the same gas mixture and dielectric material, the results of the Manley diagram and the approximations proposed.

With this approach, it is possible to find the electrical model for each excimer lamp, and consequently, define the variation range for each parameter of the equivalent circuit, as shown in Table 2.2. 

Power stage Design

This section aims to achieve the design of the power supply described previously, able to provide the electrical waveforms presented in Fig. 2.5.This power supply can be divided in the following power stage parts, as can be seen in Fig. 2.7:

The DC current source, controlling the current intensity (I).

The current inverter controls the frequency (f) and duty cycle (D).

the step-up transformer necessary to reach the high voltage on the DBD. It is important to mention that the theoretical electric power is limited in this study to 500 W: this value is based on previous researches with excimer lamps and is selected to maintain the normal glow discharge regime [START_REF] Diez | Alimentation de puissance d'une lampe exciplexe à décharge à barrière diélectrique, en vue du contrôle du rayonnement[END_REF][START_REF] Diez | Current-Mode Approach in Power Supplies for DBD Excilamps: Review of 4 Topologies[END_REF][START_REF] Saghi | Effects of the Operating Conditions on the UV-B (308 nm) Power and Efficiency of the XeCl * Barrier Discharge Excilamp[END_REF][START_REF] Bonnin | ALIMENTATION ELECTRIQUE DES DISPOSITIFS DE DECHARGE A BARRIERE DIELECTRIQUE[END_REF]. The maximum peak voltage of the DBD is also limited to 7 kV, considering the properties of the isolation material that will be used between windings of the transformer and the available measurement instruments.

Current inverter

The current inverter is the static power converter that receives a constant current (J) and converts this DC current into an alternating current shape. J is defined as DC current produced by the DC current source and is related to I (current injected on DBD) by the turns ratio transformer (n) as I=J/n. This converter controls the frequency (f) and the duty cycle (D) of the current injected into the DBD, following the sequence shown in Fig. 2.8. According to the injected current waveform shown in Fig. 2.8, it is possible to obtain the current and voltage waveforms on switches K1, K2, K3, and K4, as shown in Fig. 2.9, and in this way determine the type of switch to be used in the current inverter. In this example figure, a transformer turns ratio of 10 was selected, injecting 300 mA into the DBD at a duty cycle of 100 %. For the DBD, the parameters of lamp number 04 were used. According to Fig. 2.9, the switch must be bidirectional in voltage and unidirectional in current, this represents a three-segment switch (SCR thyristor-like behavior), as shown in Fig. 2.10.

Nevertheless, since the typical frequencies in this kind of discharge are in the order of tens to hundreds of kilohertz, and the thyristors available in the market do not support this range, a MOSFET-Diode series connection is used, as shown in Fig. 2.11 [START_REF] Cousineau | Synthesized High-Frequency Thyristor for Dielectric Barrier Discharge Excimer Lamps[END_REF]. This combination uses the same quadrants of Fig. 2.10, controls the turn-on of thyristor through the MOSFET gate, the current begins to flow when the MOSFET control signal turns it on, in the case of Fig. 2.9.

The series diode prevents currents from passing in the opposite direction, makes the turn-off of MOSFET-Diode series of natural form, similar to SCR, and when the switch voltage is negative, just after turn-off, the diode supports all the DBD voltage seen in the primary side of the transformer, and when the DBD voltage becomes positive, this is supported by the MOSFET, as seen in the voltage waveform diode (green) of Fig. 2 Now that the type of switches and the control sequence are known, it is important to estimate the electrical ratings of the switches. For this, the mathematical expressions of the electric power (Eq. 2.5) and the peak voltage are used (Eq. 2.6).

.9. [79]

Those equations serve to:

• limit the value of the current range of switches.

• limit the value of the frequency.

• choose the appropriate switches.

In that scope, we remind the maximal power: P=500W.

Analysis of the current requirement for the switches of the Current inverter

First, Eq. 2.5 is converted into an expression of the current as a function of the frequency, electric power, and duty cycle.

𝐼 = 𝑃 𝐷 • 𝑉 𝑡ℎ + 𝑓 4 • 𝐶 𝑔 • 𝑉 𝑡ℎ 𝐷 Eq. 2.14
One should notice that this expression depends on the values of the Vth and Cg parameters, which are different for the different bulbs (see equations 2.13 and 2.11). Thus, the current amplitude to be injected into the DBD to achieve the maximum power (500W), as a function of the frequency, is plotted for each one of the excimer lamps, as presented in Fig. 2.12. The points plotted in Fig. 2.12 corresponds to 5% of the duty cycle since it is the minimum value that will be considered for experiments, corresponding to the maximum value of the current amplitude.

The maximum current value in the set of lamps is the one for lamp 11, that is close to 22 A. As there is a step-up transformer between the current inverter and the DBD, the current rating for the switches should be at least the product of 22 A, multiplied by the turn's ratio of the transformer (higher than 1). This results in an oversized power stage (and excessive cost) if this specific operating point is to be explored (low duty cycle with high power).

Considering this point of view, one can conclude that a limitation must be introduced in the set of possible operating points, to be able to implement the converter at a reasonable cost. For this reason, the operating points with low duty cycles will be explored at power levels smaller than 500 W for some lamps.

The current amplitude required to inject a 500W power, for each of the nineteen excimer lamps is shown in Fig. 2.13, considering the case where the duty cycle is equal to 100 %. In this plot, the lamp which requires the highest current value is the lamp 11, corresponding to 1.2 A. This case illustrates a situation that is less difficult to implement, and it is taken as a reference for the current inverter design.

To introduce a margin, the maximum current amplitude on the DBD is set to 1.4 A. This current value is higher than those studied in previous works, considering that higher values of current amplitude seem to improve the efficiency of the excimer lamps [START_REF] El-Deib | Analysis and Experimental Validation of a New Current-Controlled Driver for a Dielectric Barrier Discharge Lamp[END_REF][START_REF] Saghi | Effects of the Operating Conditions on the UV-B (308 nm) Power and Efficiency of the XeCl * Barrier Discharge Excilamp[END_REF][START_REF] Florez | IMPACT OF THE TRANSFORMER IN THE CURRENT MODE SUPPLY OF DIELECTRIC BARRIER DISCHARGE EXCIMER LAMPS[END_REF]. 

Analysis of the voltage requirement for the switches of the Current inverter

Now, Eq. 2.6 is taken to show the peak voltage as a function of the frequency for each excimer lamp, as shown in Fig. 2.14. This figure helps to limit the minimum operating frequency of the system, to keep the peak DBD voltage to an acceptable level.

In this work, 7 kV has been chosen as the maximum peak voltage of the DBD and this implies working at frequencies higher than 50 kHz. At this frequency, half of the set of lamps can be supplied at 500 W. For the other lamps, this power will be attained at higher frequencies. 

Selection of the semiconductor devices for the switches of the current inverter

In the previous section, the current range on the DBD has been defined, as well as the minimum frequency, and it is now possible to establish the ratings of the switches (diodes and MOSFETs)

of the current inverter.

For this process, the curves obtained by the product between the maximum current amplitude (Fig. 2.13) and the maximum peak voltage (Fig. 2.14) is calculated for each lamp. This is a first step to discard the switches that would not be able to handle the desired operating points, regardless of the turn's ratio of the transformer (not yet defined). The highest curve, amongst all the lamps, is selected because it represents the greatest V-I product that the switches must withstand. In the present work, this is the lamp number 13.

This curve is compared, in Fig. 2.15, with the product of maximum ratings for voltage and current of ten commercial switches available at the time of this work. • Switches that have, for all the frequency range, a V*I product lower than the most demanding lamp curve: these references are discarded because are not able to supply this lamp at 500 W.

• The V*I product of a switch is higher than the product of the most demanding lamp for a frequency range: this means that this switch can supply the entire set of lamps.

One should notice that only four switches can be considered and that each one of them offers a different frequency range.

For this work, the selected switch is the C2M0080120D, that allows the supply of the maximum electric power to the entire set of lamps at a reasonable price (in 2017 $16 was the cost of this switch, instead of $36 for the C2M0040120D that had the widest operating range).

If we consider the most demanding lamp (lamp13), this switch reference could hold the maximum voltage at 70 kHz when injecting 500 W. Lower frequencies can be explored but at lower power levels. For the other lamps, the 500 W can be studied starting at lower frequencies.

The reference for the power diodes, also making part of the thyristor-like switches, are selected with the same current rating as the MOSFET since those are connected in series. The voltage rating is also chosen equal to the one of the MOSFET.

Step-up transformer

The step-up transformer is the element in the power stage that allows adapting the voltage level required for the operation of the DBD (from 3.5 to 7 kV), to the ratings of the switches (breakdown voltage of 1.2 kV for the selected switch).

Turns ratio selection.

The selection of the turns ratio (n) of this transformer has repercussions on the number of operating points that can be explored for the whole set of lamps. For instance, a low n value implies that the voltage rating of switches will be the limitation, while high an n value constraint the operation due to the current rating.

The maximum current and the minimum duty cycle limitations were defined before, as well as the minimum operating frequency. The maximum frequency (200 kHz) is restricted by the material of the magnetic core used for the transformer. This material was selected considering the commercially available cores at the design time, with high power capacity and a wide range in the operating frequency, yielding the 3C90 from Ferroxcube. Finally, to obtain an optimum value of n, at first, the range for the three degrees of freedom is swept as follows:

• 0 < I < 1.4 A, with steps of 0.1 A

• 5 % < D < 100 %, with steps of 5%

• 50 kHz < f < 200 kHz, with steps of 5 kHz

The sweep range gives a total of 8400 possible operating points. These points are filtered with the following considerations:

• The peak voltage in the DBD must be less than 7 kV, considering two factors, first the maximum isolation supported by the transformer based on preliminary test and second, the maximum voltage supported by the voltage probes.

• The electric power value should be between 150 W and 500W, considering the minimum power to ignite the lamp in its entire length. The maximum power limit was explained in section 2.4.

• The maximum current value on the current inverter (J = iDBD*n) should not be higher than 14 A, considering that the maximum current rating for the selected switch is 16 A and giving a safety margin. This is because for very low duty cycles, a pair of switches in the inverter will be carrying the input DC current almost all the periods.

• The maximum peak voltage on the current inverter (vDBD / n) should not be higher than 850 V, because the maximum value that supports the switches is 1200 V and because we consider a 30% safety margin.

Considering the previous constraints, the number of possible operating points is reduced. Fig.

shows an example of the most demanding lamp (lamp13

). Note that other lamps will attain more operating points. This figure shows that not only the number of feasible operating points should be the criterium to select the transformer turns ratio, since these points can be distributed in a limited frequency range. For instance, the turns ratio of 6 presents the highest number of OPs (148) but they are concentrated in a narrow frequency domain (90 kHz -200 kHz). Oppositely, the turns ratio of 14 offers the largest frequency domain (30 kHz -200 kHz) but it has the smallest number of OPs (111).

After doing the same exercise for the entire set of lamps, n = 10 is selected as the turn's ratio with a good balance between the frequency range and the number of feasible operating points.

An overview of these results is shown in Table 2.3. 

Parasitic elements of the transformer

The parasitic elements of the transformer have a great influence on the current waveform that is to be injected into the DBD [START_REF] Florez | IMPACT OF THE TRANSFORMER IN THE CURRENT MODE SUPPLY OF DIELECTRIC BARRIER DISCHARGE EXCIMER LAMPS[END_REF][START_REF] Bonnin | Designing the high voltage transformer of power supplies for DBD: Windings arrangment to reduce the parasitic capacitive effects[END_REF]. The effects of these elements that are explained in this section are considered during the construction of the transformer.

Within the parasitic elements, it is possible to consider: the winding resistances, the leakage inductances, the magnetizing inductance, the resistance associated with the core losses, and the parasitic capacitances. In this study, a simplified model with only four equivalent lumped elements is used, as Fig. 2.17 shows. These elements have a different effect on the system [START_REF] Rubio | Power Supplies for the Study and Efficient use of DBD Excimer UV Lamps[END_REF][START_REF] Bonnin | ALIMENTATION ELECTRIQUE DES DISPOSITIFS DE DECHARGE A BARRIERE DIELECTRIQUE[END_REF][START_REF] Florez | IMPACT OF THE TRANSFORMER IN THE CURRENT MODE SUPPLY OF DIELECTRIC BARRIER DISCHARGE EXCIMER LAMPS[END_REF][START_REF] Bonnin | Designing the high voltage transformer of power supplies for DBD: Windings arrangment to reduce the parasitic capacitive effects[END_REF]. On the other hand, the magnetizing inductance produces a current divider because it is an element in parallel with the load (DBD), as well as the parasitic capacitance. This means that the energy stored in the magnetizing inductance flows through the DBD and the parasitic capacitance when zero current is injected in the primary side of the transformer. This prohibits having the desired time intervals with real zero current in the DBD, as shown in Fig. 2.19.

However, if the magnetizing inductance value is high enough the effect can be neglected.

This effect changes the current waveform because it alters the current value in all periods and in the critic cases the change of the current intensity value modifies the discharge duration, too.

[82] Finally, and like in the previous case, the parasitic capacitance produces a current divider with the DBD. This effect changes the current value on the DBD and in critical cases avoids the ignition of the excimer lamps. To limit this issue, it is necessary to reduce the value of the parasitic capacitance as much as possible.

Fig. 2.20. Effect of parasitic components transformer (Lm and Cp).

To better illustrate the effect of the parasitic components of the transformer in parallel with the DBD, the simulation where the effect of Cp and Lm on the waveform has been increased is shown in Fig. 2.20:

• On waveform a, the ideal waveform of DBD current is shown; this is useful to compare the ideal current waveform with the real current waveform.

• waveform b shows the current through the magnetizing inductance Lm.

• waveform c shows the current through the parasitic capacitance Cp.

• waveform d shows the current waveform that is injected into the DBD.

The currents waveforms from waveform b and c are subtracted from the square current waveform (plot a), and they generate the current on excimer lamps (iiBD-ideal-iLm-iCp=iDBD), waveform d.

Fig. 2.20 shows how the parasitic elements affect the current injected into the excimer lamps and how they modify the current intensity value (I) and the discharge duration (δ) defined by the user. This means that the parasitic elements generate a difference between the calculated variables and the experimental values obtained during the characterization process. For this reason, a special care is taken for the design of this step-up transformer in the following section.

Transformer detailed design

Considering the analysis of the effects that parasitic transformer components can have on the power supply, the transformers are designed especially for this DBD application. For the design of the transformers, it is necessary to consider different variables associated with its construction. Fig. 2.21 is a cross-sectional view of a core, formed by two U parts, where the following parameters are observed:

• Number of sections,

• number of layers on the primary winding,

• number of layers on secondary winding,

• isolation thickness between primary winding layers,

• isolation thickness between secondary winding layers,

• isolation thickness between primary winding and core,

• isolation thickness between the primary winding and secondary winding. Considering the previously selected value for the turn's ratio (1:10) and pondering the optimization of the parasitic elements of the transformer, the detailed design of the transformer is proposed in this section, based on:

• Previous works concerning the influence of the parasitic capacitance value in DBD applications [START_REF] Florez | IMPACT OF THE TRANSFORMER IN THE CURRENT MODE SUPPLY OF DIELECTRIC BARRIER DISCHARGE EXCIMER LAMPS[END_REF][START_REF] Bonnin | Designing the high voltage transformer of power supplies for DBD: Windings arrangment to reduce the parasitic capacitive effects[END_REF];

• The estimation of the parasitic capacitance value as a function of geometrical and electrical parameters of the transformer, using an algorithm [START_REF] Etayo | Methods and tools for the optimization of modular electrical power distribution cabinets in aeronautical applications[END_REF] that will be presented afterward.

Reminding the criteria for the selection of values of the parasitic elements: high magnetizing inductance, low parasitic capacitance, and low leakage inductance. To make a quantitative analysis, it is necessary to obtain theoretical expressions of the waveforms of current, voltage, and electric power where parasitic components and excimer lamp parameters are related so that maximum values of the parasitic components can be determined based on the geometry of the lamps.

Previous works [START_REF] Bonnin | ALIMENTATION ELECTRIQUE DES DISPOSITIFS DE DECHARGE A BARRIERE DIELECTRIQUE[END_REF][START_REF] Bonnin | Designing the high voltage transformer of power supplies for DBD: Windings arrangment to reduce the parasitic capacitive effects[END_REF] propose, for the minimization of the parasitic capacitance, to organize the windings with only one layer in the primary side and one layer in the secondary side; however, this solution does not contemplate the maximization of magnetizing inductance. For this reason, two different configurations are designed and tested in this work, to compare them and then choose the configuration that presents the best performance:

• The first configuration, shown in Fig. 2.22 part a, uses two U cores.

• The second one, to lengthen the winding window, uses the same two U cores and in the middle, it adds two I core, as shown in Fig. 2.22 part b. In both cases, an algorithm, implemented in MATLAB, finds out the value of the parasitic capacitance following this procedure. [START_REF] Etayo | Methods and tools for the optimization of modular electrical power distribution cabinets in aeronautical applications[END_REF] As input parameters the algorithm receives:

• The geometric dimensions of the core

• The maximum voltage across the primary winding.

• Turns ratio.

• Wire diameter for each winding

• Turns number on the primary winding.

• Dielectric thickness range.

• Number of sections.

The algorithm executes the next steps:

• To find the number of layers. First with the geometry of core and the wire diameter used it is possible to find the number of turns by layer on the primary winding. Next, the number on primary winding turns ratio is divided by the number of turns by layer on the primary winding and the results are the number of layers in the primary winding.

• Distributing the voltage in the number of layers. With the number of layers and the voltage on the primary winding, it is possible to establish the differential voltage on each layer.

• Using the Ritz method [START_REF] Etayo | Methods and tools for the optimization of modular electrical power distribution cabinets in aeronautical applications[END_REF] it is possible to find the electrostatic energy between layers of the winding. This is obtained with the relation of the voltage and the electrostatic energy in each layer and considering the dielectric properties and thickness of the isolation between each layer. With the electrostatic energy in each layer, the total electrostatic energy is found and with it, the parasitic capacitance is easily reached, as shows Eq. 2.15. [START_REF] Bonnin | Designing the high voltage transformer of power supplies for DBD: Windings arrangment to reduce the parasitic capacitive effects[END_REF].

𝑊 = 1 2 𝐶 𝑝 (𝑛𝑉 1 ) 2
Eq. 2.15 [START_REF] Bonnin | Designing the high voltage transformer of power supplies for DBD: Windings arrangment to reduce the parasitic capacitive effects[END_REF] Where W is the electrostatic energy, Cp the parasitic capacitance in the secondary winding, n the transformer turns ratio, and V1 the voltage in the primary winding.

• The process is repeated for the primary winding without considering the transformer ratio (n). The parasitic capacitance of the primary is reflected in the secondary winding to find out the parallel equivalent of the two capacitances as shown in Fig. 2.17.

Once these parameters have been found, the algorithm begins to iterate within a user-set range modifying the dielectric thickness and the number of sections in each winding [START_REF] Bonnin | Designing the high voltage transformer of power supplies for DBD: Windings arrangment to reduce the parasitic capacitive effects[END_REF], finding the configuration that minimizes the parasitic capacitance.

To make the process faster and more effective, the following considerations have been made before executing the algorithm based on studies related to the parasitic components of the transformer in this type of application. [START_REF] Rubio | Power Supplies for the Study and Efficient use of DBD Excimer UV Lamps[END_REF][START_REF] Bonnin | ALIMENTATION ELECTRIQUE DES DISPOSITIFS DE DECHARGE A BARRIERE DIELECTRIQUE[END_REF][START_REF] Florez | IMPACT OF THE TRANSFORMER IN THE CURRENT MODE SUPPLY OF DIELECTRIC BARRIER DISCHARGE EXCIMER LAMPS[END_REF][START_REF] Bonnin | Designing the high voltage transformer of power supplies for DBD: Windings arrangment to reduce the parasitic capacitive effects[END_REF]:

First, as results of previous works show that the leakage inductance has a direct relation with the distance between the core and the winding [START_REF] Lambert | Analytical Calculation of Leakage Inductance for Low-Frequency Transformer Modeling[END_REF][START_REF] Ouyang | Calculation of Leakage Inductance for High-Frequency Transformers[END_REF], in consequence, the transformer has the primary winding closer to the core and the secondary side as the outer winding. Second, as an alternative to the single secondary layer, the multiple layers on the secondary winding configuration allow increasing the length of the secondary winding, or in other words, it increases the magnetizing inductance value, which is wanted. This configuration was implemented for one transformer as shown in Fig. 2.24 and it is important to mention that the bobbin on the left part was designed with section separators for future experiments.

Considering that increasing the number of layers in any winding also implies to increase the value of the parasitic capacitance, the methodology of dividing the secondary winding into multiple sections is used, because the electrostatic energy between layers decreases, therefore, the parasitic capacitance is reduced. The detail of this methodology can be found in [START_REF] Bonnin | ALIMENTATION ELECTRIQUE DES DISPOSITIFS DE DECHARGE A BARRIERE DIELECTRIQUE[END_REF][START_REF] Bonnin | Designing the high voltage transformer of power supplies for DBD: Windings arrangment to reduce the parasitic capacitive effects[END_REF]. Third, the number of layers on the primary winding is limited to only one layer, because increasing this number implies significant growth in the value of the parasitic capacitance. This due to the voltage difference between layers of the primary winding.

Fig. 2.25. MATLAB algorithm to find out the value of the parasitic capacitance (Cp). [81]

The algorithm delivers the configuration of frameworks (bobbins) that optimize the values of parasitic capacitance, as shown in Fig. In this figure, the frame for the single-layer transformer can be seen in sections a and b. In this case, the transformer was implemented with a single layer in the primary and secondary windings, as shown in Fig. 2 To find the parasitic capacitance, a spectrum analyzer is used to retrieve the resonance frequencies of the transformer, as seen in the example on Fig. 2.28. These resonance frequencies being directly related to the parasitic inductances and the parasitic capacitances of the transformer, as shown in Eq. 2.16, Eq. 2.17 and Eq. 2.18. The detail and the equations associated with this methodology are in [START_REF] Abakar | Éléments de conception d'un générateur électrique pour l'alimentation[END_REF]. Results are shown in Table 2 The comparison shows that the algorithm finds out a reasonable approximation for the value of the parasitic capacitance (around 10% of error) and that this tool can be used for design purposes.

According to experimental tests with both transformers, the single layer and single section topology was selected for the characterization of the lamps, mainly due to the lower value of the leakage inductance when compared with the other configuration, producing output current waveforms more similar to the ideal ones, as displayed in Fig. 2.29.

Fig. 2.29. Comparison of the two different transformer configurations.

As future work is proposed to complete the algorithm used by adding methods for obtaining the values of the leakage and magnetizing inductances similar to that used in obtaining the parasitic capacitance, since most of the theoretical approximations differ from the real values, in this way the design of the transformer could be fully optimized.

DC current source

The instants and no replicability would be assured. This also can lead to a wrong comparison between the efficiency of the operating points or the lamps.

The second possibility, the case b, with higher frequency operation in the chopper, shows the same ripple for the DC current as in case a. Nevertheless, from the excimer lamp, all the periods are identical (no low-frequency ripple), and the efficiency measurements will be replicable and fair among operating points and lamps. Besides, the high-frequency operation has the advantage of reducing the size and cost of the output inductance. For these reasons, the second possibility is chosen. 

DC input voltage

As mentioned before, an input voltage higher than the peak voltage of the DBD seen in the primary side assures the instantaneous control of the output for this current-source converter.

However, in some cases this voltage can be difficult to attain with a laboratory power supply.

In that case, the minimum input voltage that guarantees the control of the DC output current is found with the volt-seconds balance on the inductor. That is, the average voltage on the inductor must be equal to zero in steady-state or said otherwise, the average voltage on the positive terminal of the inductor must be equal to the average voltage of the negative terminal of the inductor.

Taking the ideal waveforms shown in Fig. 2.5 and assuming an ideal current inverter, it can be found that the average input voltage of the current inverter is: 〈𝑣 𝐵 〉 𝑇 = 𝑽 𝒕𝒉•𝑫 𝒏 [START_REF] Rubio | Power Supplies for the Study and Efficient use of DBD Excimer UV Lamps[END_REF] and doing a similar analysis for the two-quadrant chopper it is found that its average output voltage is:

〈𝒗 𝒄𝒉 〉 𝑇 𝑐ℎ = 𝐕 𝐢𝐧 (𝟐 • 𝑫 𝒄𝒉 -𝟏).
Therefore, to ensure proper operation of the current source,

〈𝒗 𝒄𝒉 〉 𝑇 𝑐ℎ > 〈𝑣 𝐵 〉 𝑇 Eq. 2.19 𝐕 𝐢𝐧 > 𝑽 𝒕𝒉 • 𝑫 𝒏 Eq. 2.20
The critical values are D equal to 100%, turn ratio n [START_REF] Roth | Industrial Plasma Engineering[END_REF], and the maximum Vth (2579 V). This implies that the Vin input voltage should be higher than 258 V.

Interleaved parallel configuration for the DC current source.

Given the high level of current through the inductance and the advantages of having a highfrequency ripple on the current source, two interleaved DC current sources connected in parallel are studied for the converter implementation. The configuration shown in Fig. 2.33 has important advantages for the system. First, the maximum current value on each switch of the DC current sources is reduced, diminishing the losses on the switches, as shown in Fig. 2.34.

Second, the use of the interleaved configuration, with a phase delay of 180° reduces the current ripple and doubles the apparent output frequency in the DC output current, improving the current waveform seen by the DBD, as shown in Fig. 2.34. Consequently, the inductance value is defined by Eq. 2.21, Eq. 2.22, Eq. 2.23 and Eq. 2.24 that is deduced from the case illustrated in Fig. 2.35:

∆𝑖 𝐿 = 1 𝐿 ∫ 𝑉 𝑖𝑛 𝑑𝑡 𝑡+𝐷 𝑐ℎ 𝑇 𝑐ℎ 𝑡 - 1 𝐿 ∫ 𝑣 𝐵 𝑑𝑡 𝑡+𝐷 𝑐ℎ 𝑇 𝑐ℎ 𝑡 Eq. 2.21 ∆𝑖 𝐿 = 𝐷 𝑐ℎ 𝐿𝑓 𝑐ℎ (𝑉 𝑖𝑛 -𝑉 0 - 𝑚𝐷 𝑐ℎ 2𝑓 𝑐ℎ ) Eq. 2.22
Being V0 a constant value and,

𝑚 ≈ 2 • 𝑉 ̂𝐷𝐵𝐷 𝑓 𝑛 • 𝐷 Eq. 2.23
Assuming the approximation of the shape of the vB voltage, highlighted with the red slope (m) in Fig. 2.35, the current ripple is defined by:

∆𝑖 𝐿 = 𝐷 𝑐ℎ 𝐿 • 𝑓 𝑐ℎ (𝑉 𝑖𝑛 -𝑣 𝐵 -𝑉 ̂𝐷𝐵𝐷 • 𝑓 • 𝐷 𝑐ℎ 𝑛 • 𝑓 𝑐ℎ • 𝐷 ) Eq. 2.24
Where vB is a voltage that varies between -𝑉 ̂𝐷𝐵𝐷 and +𝑉 ̂𝐷𝐵𝐷 as shown in Fig. 2.35. Note that this converter differs from conventional DC-DC converters because vB changes and it is dependent on the inverter frequency. This fact implies a high inductance value to maintain a low current ripple.

Control of the DC current source

To finish with the DC current source design, it is necessary to determine the control implementation. The control used for the DC current sources is the peak current mode control (PCMC) sensing the inductor peak current with the MOSFET current via a shunt resistor, as shown in Fig. 2.33. The PCMC is a classic strategy for DC-DC converters, of fixed frequency where the maximum current peak is controlled over the output inductance, a positive slope is fixed over the inductance current, once the peak current value is reached, a negative slope is fixed on the inductance until completing the period.

The TPS40180 integrated circuit (IC) is used because it allows the control of the phase delay between DC current sources with an external clock, allowing interleaving of the two parallel DC current sources. Besides, it has integrated an internal ramp compensation since this strategy has stability problems with duty cycles higher than 50% inherent to the methodology. [START_REF] Maniktala | Voltage-Mode, Current-Mode (and Hysteretic Control)[END_REF] The control of the output current of each chopper is explained as follows: the current setpoint (J) is sent from the user interface (explained in the next chapter) to the FPGA. The FPGA card uses a DAC to send the analog setpoint (J) to the current controller IC. The actual current value is sensed with a shunt resistor (Rsh) placed between the source of the low-side MOSFET and the circuit ground, as is shown in Fig. 2.33 This signal passes to a conditioning circuit before going to the IC. To control the delay phase between the DC current sources, The TPS40180 controller can receive an external clock, allowing the synchronization of two or more parallel current sources. This clock signal, in this case, is generated by the FPGA (synchronization clock) and produces a phase delay of 180° between the two chopper converters.

An experimental test of the complete system

In Fig. 2.36 the complete schematic of the power stage is shown:

• The two current sources connected in parallel,

• The current inverter connected in cascade with the current sources.

• The step-up transformer at the output of the current inverter These elements allow varying the electrical parameters of the system for the characterization of each of the excimer lamps. Preliminary tests of the system are made, linking the power stage and the acquisition system, the latter shown in the next chapter. The implementation of the power stage is shown in Fig. 2.37. On the left, one can see the current sources; on the right, the power inverter connected to the step-up transformer; at the bottom, the FPGA is used to send the operating parameters to the converters. Finally, in Fig. 2.38 the operation of the power stage is presented. Four operating points were chosen to illustrate the variations in the electrical parameters that the system can impose to an excimer lamp (in this case Lamp06). The voltage waveform on the DBD (vDBD -green), the These variations generate different electrical power values (measure in the green rectangles P1=220 W, P2=390 W, P3=332 W, and P4=473 W) and show how the system can deliver maximum power and varying the electrical parameters within the ranges established in the design stage.

Conclusions

In this chapter, a review of the most important topologies used as power converters applied to DBD has been made. Besides, a detailed process of the power stage implementation has been shown, which has been designed based on the premises of maximizing the operating points on the set of lamps with a wide range of frequency and the possibility to inject the maximum power on each lamp.

In the process, it has been possible to observe the high interaction between the DBD load and its power supply, for instance how the geometric measurements (a, b, and T) of these lamps affect the electrical model of the DBD load, and then, the equations for the electric power and the peak voltage.

The concept for the power system was proven and the design was achieved by carefully dimensioning the semiconductor devices, the materials and winding configuration for the transformer, and a correct choice for the topology and control of the DC current source.

System for the Characterization of excimer lamps

This chapter describes the system built to perform the modeling and characterization of the entire set of excimer lamps. The techniques used to capture the emitted UV, the temperature, and electrical measurements are discussed, along with a methodology to select the operating points that will be automatically swept. Since these points are calculated with theoretical values, corrections are done by the system in real-time to guarantee the selected operating point. The measurements taken by the acquisition system are validated taking several samples and eliminating the ones belonging to the start-up transient. The parameters of the electric model for each one of the 19 lamps will be identified and compared to the theoretical values.

Additionally, some examples of the system in operation are shown, enabling the optimization study that is developed, for the entire set of lamps, in the following chapter. The first results of this characterization are shown in this chapter.

The characterization system can be described with the block diagram shown in Fig. 3.1. Within these blocks, the power stage is the converter presented in the section "Power stage Design";

the acquisition stage will be detailed hereafter, guaranteeing reproducibility, and a fair comparison among the different lamps. The other three blocks in this figure, corresponding to the user interface, real-time control, and data storage could be considered as part of the acquisition system and will be explained later in the next chapter. 

Experimental set-up

As part of the characterization system, mechanical support has been designed, in such a way that each experiment is replicable, maintaining the same center position for the lamp under test and the sensors. In this way, also an equitable comparison over the entire set of lamps can be made. This mechanical set-up is based on a cylindrical polycarbonate tube capable of containing each one of the 19 excimer lamps as shown in Fig. 3.2. The material of this container blocks the UV, preventing radiation to people.

Perforated caps on each side of the tube, are designed, serving as a mechanical support for the excimer lamps. Couplings guarantee that the excimer lamp under test, despite its size, is centered concerning the container in all the experiments. The caps allow the connection of fans, on each side of the tube, to cool-down the DBD with airflow. The characterization process uses different sensors, some sensors, as shown in Fig. 3.3, are located near the middle of the length of the cylinder as:

• A UV light meter reference GIGAHERTZ-OPTIK programmed with an integration time of one second using a scale of 40 mW/cm 2 , located 2.5 cm of the lamps. Its sensor head (UV-33711-308) is centered at 308 nm that is the wavelength produced by the XeCl gas mixture used in this work.

• A photodetector, Thorlabs PDA-25K, making possible to see the temporal variation of the UV radiation in the oscilloscope.

• A temperature sensor, Omega OS211MT-MV. done to verify that the maximum ratings are respected (7 kV and 500 W respectively). If so, the values of the three electric variables are sent to the FPGA controlling the power stage. • Because these do not ignite the lamp.

• Because the electric power for these OPs is too small to fill the whole excimer lamp, as shown in Fig. 3.9.

The white ones (blank spaces over the green or blue OP) are eliminated because one of the following restrictions is exceeded:

• The peak voltage across the switches is higher than the maximum allowed value.

• The peak voltage across the lamp exceeds the dielectric strength of the transformer insulation (7 kV).

• The electric power is higher than 500W.

The blue and green Ops are the ones written in the file for the lamp. This process is repeated for the other lamps. 

User interface

The user interface, displayed in Fig. 3.10, is where the file containing the OPs to explore is loaded. It also has additional information necessary for the process to run, such as the number of iterations and the waiting time. Finally, it shows the measurements that are taken in real-time to supervise the operation by the user. This interface has been divided into different sections to facilitate the explanation:

Section 1 is used to connect the user interface with the oscilloscope and allow the flow of data between the computer and the oscilloscope and vice versa.

The second section is used to configure the number of measurements for each operation point. It is important to mention that repetitions are taken with a time interval of one second. The different measurements are saved to perform a postprocessing analysis.

Section three defines the value of the waiting time: this is the time that the system will remain turned-off between each OP and this can be defined in two different ways: The first is to define the time in seconds, as Fig. 3.10 shows. The second option is to make this waiting time not constant but dependent on the initial temperature of the lamp. If this is the case, the user must indicate the value of the initial temperature in each OP, taking up the example of 30 seen in Fig.

3.10, it means that the temperature chosen by the user is 30° and the waiting

• The display sections are not parameters that the user controls from the interface, they have been added there for user supervision of the entire process and to verify the system and its operation.

Control of electrical parameters

Previously was mentioned that the acquisition system is a software that controls three important functions: First, communications between the user, the system, and the power and acquisition stages. Second, control of the electrical parameter and third, storage of characterization data.

Function two is a control task, which corrects errors introduced to the system by parasitic components, especially by the transformer. These effects explained in section "Parasitic elements of the transformer", due mainly to magnetizing current and non-linear behavior in the current-controller IC, can be seen in the example of Fig. 3.11, as the discharge duration (δ) and current intensity (I), are affected in the experimental current waveform. The differences between the ideal and real waveforms are clear in Fig. 3.11. For this reason, a control loop has been designed to reduce the error in the current intensity (I) and the discharge duration (δ). The frequency is not affected by the parasitic components since this is controlled by the switching of the current inverter, executed by the FPGA.

Therefore, the control process starts when the set-points for the electrical parameters are sent to the power stage, the power converters turn-on (DC current source and Current inverter) and the acquisition stage verifies if the electrical measurements on the DBD are the same as the desired set-points (current intensity and discharge duration). If the system detects an error between the parameters sent and the measured ones, the control action starts.

The first electrical parameter to control is the current intensity (I): as shown in Fig. 3.12, the amplitude of the current pulses is not constant during the pulse duration. The average value of the current, during the pulses (negative and positive pulses), is compared with the set-point sent by the user interface. To do so, the acquisition system takes a current waveform with several periods from the oscilloscope: the derivative of this waveform (green in Fig. 3.12) is used to identify the beginning and the end of the current pulses. Fig. 3.12 only shows an example of the measurement method: in fact, it is repeated with all the pulses.

Depending on the error in the current waveform, the acquisition system sends and new set-point of current and repeats the process until achieving an error less than 5 %. This control process is slow and is done in the order of seconds since it is necessary to acquire the oscilloscope waveforms, process them and send a new set-point until the current value is within the error band; therefore, the process can be repeated several times depending on the initial error. The width of the error band and the size of the increment of the control variable are defined in the software code and are given in percentages. The control stage is important because it reduced the errors on the electrical parameters injected on the DBD and this improves the analysis of their influence in the UV production; indeed, the effect of external elements is corrected in this control loop, making the analysis easier and more accurate, also allowing tests with different transformers in the future. In the experimental tests, it was observed that the error in the current intensity (I) without the control loop could reach up to 40%, while for the discharge duration (δ) it could be around 20% for the critical cases; with the control loop, these errors are reduced to less than 5%.

Data storage

After the system has defined and controlled the OP on the DBD as desired, the system must acquire and save all information relevant related to this OP. To perform this task, the software retrieves some measurements from the oscilloscope, as the peak voltage on the DBD, the average electric power on the DBD, the frequency, also some the waveforms of voltage, current, and UV.

Besides these data, the acquisition system obtains measurements from other devices to complete the characterization as: the temperature, the average UV power, and the wavelength of the UV In addition to the sensor data, measurements shown in Fig. 3.16 are obtained directly from the oscilloscope, using the filtering, mathematics and visualization tools offered by this equipment. The waveforms taken from the oscilloscope are the DBD voltage, the DBD current, and the emitted UV radiation in arbitrary units. From these waveforms, the .dat files (time and amplitude vectors) are stored in the system. Besides the waveforms, measurements of average current in the primary (J), frequency of the current over the DBD (f), maximum peak voltage (VP), and electrical power over the DBD (P) are acquired. Finally, a screenshot with the waveforms is saved. The oscilloscope measurements are acquired simultaneously and assigned to each OP in the system. All this process takes one second.

The number of acquisitions for each measurement is defined in the user interface. This quantity of repetitions allows making a statistical analysis, starting with the calculation of the average value and the standard deviation, which validate the acquired data, eliminating error codes or wrong measurements during the system stabilization.

Simulation and experimental test

Up to now, the development of the characterization system (power and acquisition stages) has been described. In the following sections, preliminary tests will be made, which allow validating the theoretical approaches made in Chapter 2. Also, the implementation and integration of this characterization system will be shown experimentally.

Simulation

To validate the correct operation of the system, experimental results are compared with simulation waveforms obtained with the PSIM software. The curves displayed in Fig. 3.17 The simulation and the experimental tests are in good agreement with the theoretical analysis, as shown in Table 3.1. The comparison between the simulated system and the experimental results validates the operation of the power stage. Also, the results indicate a good approximation thanks to the electric model used to describe the behavior of the excimer lamps and although there are differences in Fig. 3.17 the results show a good calculation for the operation of the acquisition system.

The differences between theoretical, simulation, and experimental values are a consequence of different factors. First, the theoretical model is based on ideal waveforms (square currents waveforms), it does not include all parasitic components of the switches and transformer.

Second, the simulation only has a simplified model of transformer and DBD. These results are enough to characterize the lamps and the differences will show that the quantity of OPs explored are lower than the quantity of OPs initially projected.

Conclusions

The chapter details the design of the acquisition stage, the measurements used to characterize the excimer lamps, and the software developed for the system.

The non-ideal behavior of the system causes a steady-state error in the current intensity (I), this added to the need of directly controlling the discharge duration (δ), have made necessary the implementation of novel indirect measurements based on real-time waveforms and the control loops for these two variables via the PC. This method assures the right characterization regardless of the transformer used.

Even if there are some errors between the simulation and the experimental results, the procedure used for dimensioning in previous chapters has been shown to be effective and a good percentage of the operating points are attainable, as will be seen in next chapter. Future works can include in the theoretical equations parasitic elements in the equations of the electric power and peak voltage, also a more complex model of the DBD, to better estimate the operating points to be reached by the system.

From experimental waveforms there are different methods proposed in the literature to obtain the parameters of the electrical model [START_REF] Volkova | Vacuum-ultraviolet lamps with a barrier discharge in inert gases[END_REF][START_REF] Pipa | The simplest equivalent circuit of a pulsed dielectric barrier discharge and the determination of the gas gap charge transfer[END_REF][START_REF] Massines | Glow and Townsend dielectric barrier discharge in various atmosphere[END_REF][START_REF] Florez | Square-Shape Current-Mode Supply for Parametric Control of the DBD Excilamp Power[END_REF]: we have selected the classical graphical method, developed by Manley in the study and characterization of ozone generators [START_REF] Manley | THE ELECTRIC CHARACTERISTICS OF THE OZONATOR DISCHARGE[END_REF], as it has been explained in detail in chapter 2. For each OP, the Manley diagram is automatically built, using the experimental waveforms of the DBD voltage (vDBD) and current (iDBD) (the acquisition process has been detailed in Chapter 3). These measurements are treated as follows:

• The first step is to identify the beginning and end of an operating period, to use only complete period intervals, hence, the current, voltage, and time data vectors are truncated, and an integer number of periods is kept.

• Then, the current vector is integrated to form the electrical charge vector (QDBD) and the DC value of this quantity is subtracted.

• Now, the Manley (QDBD vs. vDBD) diagram is generated.

• Finally, the diagram is centered on the coordinate system, as shown in Fig. Once the centered Manley diagram is obtained, the crossing points with the voltage axis (QDBD = 0) are sought: with this, the threshold voltage (Vth) is obtained.

Then, the vertices of the parallelogram (blue points A, B, D, E) are searched: for this purpose, we have implemented the following method:

• First, find the points of maximum and minimum voltage (A and D).

• Then draw an imaginary line between these points and measure the distance between that line and each point of the parallelogram, the points with the greatest distance are the points (B and E).

• Then a new imaginary line is drawn between points B and E and the distance of each point of the parallelogram and the line is measured: the points of greatest distance must be pointed A and D.

When the approximation to parallelogram is not correct, it is possible to obtain more than four blue points A, B, D, and E, for example, two blue points in the D vertex in Fig. As shown in Table 4.1, it is possible to say that the theoretical formulas are satisfactory to design a power supply for a new DBD excimer lamp, however, when previous experimental results are available, those should be used to obtain a more precise DBD model and hence a better dimensioning of the system.

In the case of this work, since all the DBD lamps were new and their model was not identified before, the working range found out in section 3.2.1 is reduced in practice. Fig. 4.5 shows, for the example of lamp 04, the actual characterization range after the sweep of the system (green blocks) and the OPs that were not attainable because the values of the peak voltage or of the maximum power were exceeded (red blocks). Verification is performed for all the lamps, but the figures shown hereafter are limited to only one of the lamps to save space, clarifying those trends are similar for the entire set.

Additionally, measurements for the UV radiation are corelated to the electric power, and influence of the D.O.F. is pointed out. One can see how the electric power increases as the discharge duration increases, also corroborating Eq. 4.2.

The last electrical variable to be tested in the power control is the frequency; as done in the two previous cases, discharge duration (δ) and current pulses magnitude (I) are maintained constant, and the frequency (f) is varied to change the electrical power. Fig. 4.8 shows the expected result. as well, as the light meter previously showed in Fig. 4.9 (around 50 % more radiation for the shorter duration and higher current amplitude OP). This result implies that the electric power is not the only parameter corelated to the UV and that the DOF affect the UV production. Therefore, it is necessary to carry out a detailed analysis to deduce the influence of each one of the DOFs on the UV production.

Selection of identification process with MQRS algorithm to model the UV output.

To accomplish the analysis of how the inputs of the system (geometrical parameters and D.O.F.) impact the UV output, an optimization algorithm is used as a tool for identifying the relationships in a graphical manner.

It has been decided to choose a MultiQuadric Response Surface optimization algorithm (MQRS): this type of algorithm is widely used since it allows interpolating multidimensionally scattered data independent of the complexity of the function [START_REF] Zaibi | Dimensionnement optimisé d'un système de génération d'énergie électrique et d'eau potable à partir de ressources renouvelables -Modélisation par plan d'expériences[END_REF][START_REF] Canova | Magnetic Design Optimization and Objective Multiquadrics Approximation for the Tuning of the Optimization Process[END_REF][START_REF] Pahner | Adaptive Coupling of Differential Evolution and Multiquadrics Approximation for the Tuning of the Optimization Process[END_REF], as in this case where the UV data is scattered in the DOF. A brief explanation of its operation can be given as follows:

Thanks to the interpolation property it is possible to find a good approximation to the function f (x) that is defined as g(x):

𝑔(𝑥) = ∑ 𝑐 𝑖 √‖𝑥 -𝑥 𝑖 ‖ 2 + ℎ 𝑁 𝑖=1
Eq. 4.3 In this exercise, the algorithm was trained with OPs up to 1 A and a surface is generated up to 1.4 A. Blue points are used for algorithm training, while green points are OPs with current intensities higher than 1 A. The non-training points (green) present a considerably larger error than the training points (blue). Consequently, the algorithm does not show a good anticipation capacity for the OPs outside the working range, or in other words, the characterization system must be upgraded if points outside the present range are to be explored. In the set of 19 lamps, the length of the electrodes is kept constant (30 cm). The idea is to reduce the number of input parameters and the number of OPs to explore. Nevertheless, the l variable is kept in equations Eq. 2.11 to Eq. 2.13.

It is also essential to mention that the external and internal electrodes must present the same selected length value (l): indeed, as illustrated in Fig. 4.14, different lengths will produce unwanted discharges on the borders and change the system behavior. 

Variation of inner radius

Variation of dielectric thickness

To observe the impact that the dielectric thickness (T) has on UV production, two cases have been chosen where the geometry is similar and the dielectric thickness changes between two values: 1mm or 2 mm, as shown in Fig. 4.18. It should be remembered that as mentioned in chapter 2, that the external radius (b) includes the dielectric thickness (T), as shown in Fig. 4.13: so, these lamps, having the same radius, do not have the same volume. and thinner dielectric thickness (T), these points out two different alternatives: greater volume or greater gas gap.

Comparison with secondary inputs (gas gap and Volume)

After analyzing the primary geometric variables, it is desirable to study the behavior of compound geometric variables such as the gas gap and volume, to examine whether they can better describe the behavior of the UV as a function of the geometric parameters.

Variation of volume

Two pairs of lamps were found having the same gas gap (d) but differing in volume due to different combination of inner and external radius. Fig. 4.19 show unquestionably that the lamps with greater volume produce a greater amount of UV.

Geometrical parameters with the MQRS algorithm

To extend the geometric analysis, the OPs with similar electrical parameters have been chosen

to avoid the influence of the electrical parameters in the analysis. Fig. 4.21 shows about 11 OPs, each one of them in different lamps with similar operating conditions (electrical characteristics and power range) and shows the UV as a function of the gas gap and the volume of the lamp.

This figure shows how volume is the most relevant parameter for maximizing the UV emission, since when it increases the UV increases at a higher rate than when the gas gap increases. 

Electrical analysis.

This section analyzes the impact of electrical parameters on UV production and UV emission efficiency. For this purpose, one excimer lamp is chosen from the set and different experimental tests are carried out that show the relationships between the UV radiation (and UV efficiency)

and each electrical parameter. Finally, an analysis of the sensitivity of each parameter with respect to UV is carried out. It is important to mention that in this section the replicability of the experiment has been verified since results are confirmed in two systems with the same design and the same load but implemented in different laboratories in different times (LAPLACE laboratory in Toulouse, France and Pontificia Universidad Javeriana in Bogotá, Colombia).

Results shown hereafter are similar for the entire set of lamps, but results will be shown for only one bulb to limit the space. In the end of the section a summary graphic shows that the behavior is alike for the other lamps.

Selection of the reference lamp

This lamp is chosen based on the results obtained in the previous section, which allows identifying which geometry provides the highest UV production levels. 

Influence of electric power in UV emission

The relations between UV and electric power have been shown in section 4.1.2.3 [START_REF] Florez | Square-Shape Current-Mode Supply for Parametric Control of the DBD Excilamp Power[END_REF].

Therefore, it is necessary to extend the study to other electrical parameters, as the current intensity (I), frequency (f), and discharge duration (δ).

In addition to the analysis of UV production, the UV efficiency analysis is carried out: it consists in studying the relation between the UV emitted and the electric power consumed by the lamp, for various OPs. This allows to find the efficiency since it relates the UV energy emitted by the plasma (average UV in a 10-second interval) and the discharge input energy (average electric power in a 10-second interval).

Efficiency allows you to have another point of view, for example, Fig. 4.22 shows the OPs, already presented in Fig. 4.9 (that relates UV and electrical power), but now having the UV efficiency as the output parameter, calculated dividing the UV power by the electrical power. This kind of analysis allows the study to be expanded, since not only how the electrical parameters maximize UV is analyzed, but also how the electrical parameters improve the system efficiency.

Influence of current intensity in UV emission

The first electrical parameter to vary is the current intensity (I): the change of this electrical input is considered for different combinations of the frequency (f) and discharge duration (δ), remembering that δ is duration of the time interval when the plasma is ON. In the example in In Fig. 4.23 left, it is observed how as the current intensity increases, the UV levels (green points) also increase, as expected because the electric power is also increasing (plotted alongside in orange points). If the UV only depended on electric power, the green and orange points would be practically superimposed, but it is possible to infer current intensity affects the This means that the UV efficiency drops with the frequency as can be seen in the right figure.

The results discussed in the last sections can be summarized as: to obtain more UV emission, any of the 3 D.O.F. can be increased, the current intensity of the pulse (I), the discharge duration (δ), or the frequency (f). Nevertheless, there is a clever way to increase the UV power that is also increasing the UV efficiency, it seems that this can be achieved by increasing the current magnitude of the pulse (I), the discharge duration (δ) and maintaining as low as possible the frequency (f). This will be explored further with the 3D graphic tool in the next section.

Additionally, as a complement to the previously stated conclusions, a new discharge mode can be explored in future works, in such a way that it allows to increase the current pulses and decrease the apparent discharge frequency: via the "burst mode" [START_REF] Meißer | Resonant Behaviour of Pulse Generators for the Efficient Drive of Optical Radiation Sources Based on Dielectric Barrier Discharges[END_REF]. This mode adds two new parameters (DB and fB), where fB is the frequency of burst and DB is the quantity corelated with the number of pulses that power supply injects to lamp, as shown in Fig. 4.26. This operation mode allows to inject larger amplitude current pulses maintaining the average electric power of the discharge and lower apparent the frequency for the discharge process (fB could be much lower than f). The relations between UV and electrical variables have already been established, but now the scope is to observe which of these D.O.F. has a greater or lower influence on UV production.

For this, the electric power and one of the variables are kept constant, the other two DOF are varied simultaneously in opposite directions to keep the electric power constant.

If the UV is kept constant, it means that the two parameters have the same influence, but if the UV follows the behavior of one of the parameters, it means that this parameter has more weight or produces a greater contribution to UV production. Here, the UV trend is not always the same; it is observed that small durations produce the highest UV and that UV intensity and efficiency decrease rapidly until a minimum is found (around 800 ns for the UV efficiency), then these outputs rise again. This graph clarifies the behavior observed in Fig. Using the MQRS algorithm, Fig. 4.35 shows the frequency (f) and discharge duration (δ) as input parameters for UV intensity and UV efficiency. In this graph, it is observed how the UV intensity (and efficiency) increases drastically for very short pulses, like the case where it was compared with current magnitude. Although the fact that both parameters influence the efficiency of the system, the discharge duration has a greater influence (more sensitivity in the system), although the differences are not as great as in the cases where current intensity was involved. Until now in this section, the system inputs have been used directly as input parameters for UV intensity and UV efficiency, and this leads to conclusions that corroborate those obtained previously, such that current pulses should be as short as possible and maximum current intensity to maximize the UV efficiency. Regarding the sensitivity of the system with these D.O.F, the more influent variable is the current amplitude followed by the discharge duration and finally the frequency.

In the following figures, different inputs are used in the MQRS algorithm, including the electric power as input parameter, together with the D.O.F. The system outputs continue to be the UV intensity and UV efficiency. The combination of the electrical power with the DOF allows to establish the following points:

• The UV intensity and the UV efficiency are more sensible to variations in the current intensity and in the discharge than in the electric power.

• UV efficiency decreases as electrical power increases.

Conclusions

• The methodology of design used to implement the acquisition system based on the set of excimer lamps has allowed a characterization process to be carried out in each of these lamps, exploring the ranges of the electrical parameters established from the beginning and allowing to find out relations between the input parameters (electrical and dimensions) and the UV output.

• The modelling process based on basic theory is good enough to correctly dimension the characterization system. However, previous measurements of the DBDs yield a more precise model and consequently to a more certain region of sweep for the operating points.

• The small thickness of the dielectric barriers and the large volume confined by the lamps are the key factors to improve the production of the UV in DBD excimer lamps, in terms of geometrical parameters.

• High intensity and short duration at low frequencies are the main features to increase the UV efficiency of DBD excimer lamps. Bearing in mind, that the product of these three variables control the electric power injected into the DBD.

• The study of the UV sensitivity to electrical parameters or DOF shows that UV emission is more sensitive to current intensity variations compared to discharge duration, frequency, and electric power, and that it is less sensitive to frequency variations.

• For future work, burst mode is an interesting method to increase the efficiency of the DBD excimer lamps, as preliminary results have shown during this work, maybe due to a low apparent frequency seen by the lamp.

• For future work and based on the results relating the UV with the current intensity, it would be interesting to use the electric field as a parameter to evaluate the UV production. To do this, it is possible to use a finite elements simulation to obtain an overview of the process and characterize better the discharge.

• The surfaces of characterization of these lamps obtained via the MQRS algorithm enable to locate, in a helpful way, the correct OPs to be selected when a desired level of UV emission is desired. Then a specific and optimized power supply working at this fixed point can be designed, for example with a resonant topology.

Glossary

Acquisition stage: Part of the system where the measurements of DBD voltage, DBD current, UV intensity, temperature, wavelength between others are taken, saved, and processed to use in a characterization process.

Burst mode: Alternative supply mode of DBDs where current or voltage pulses are injected to DBD during a period and after the voltage or current pulses are stopped and, during this period, there is no energy into the DBD.

Chopper switching frequency: DC current source frequency, this frequency is different to DBD frequency and this application the Chopper switching frequency should higher than DBD frequency.

Current intensity:

The value of current on the DBD, is an electrical parameter of the system.

Current inverter:

Power energy converter that transform the DC current to a square current waveform controlling the frequency and the discharge time.

Current mode: It is a power supply mode to DBDs where the current waveform is imposed on DBD.

DBD Volume: it is the mathematical difference of two cylinders, the first one formed by the external dielectric and the second one formed by the inner dielectric; in other words, the space taken up by the gas mixture.
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  The DBD devices can have different geometric configurations such as parallel plates, coaxial cylinders, etc. As shown in Fig. 0.1.

Fig. 0. 1 .

 1 Fig. 0.1. Basic configurations of a DBD

Fig. 0

 0 Fig. 0.2. a) Ozone generator design by Werner von Siemens. b) Ozone generator by Werner Von Siemens. Taken

Fig. 0. 3 .

 3 Fig. 0.3. The first pictures of a DBD of parallel plates and the first voltage waveforms injected in the discharge.

  Another very important contribution to the development of the DBD was an equation of the electrical power on a DBD proposed by T.C. Manley (1943), which not only involved a mathematical relationship between the electrical signals and the DBD geometry but also proposed an electrical model to describe the operation of the DBD; T.C. Manley also proposed a graphical analysis (Lissajous voltage/charge figures) to calculate the values of the parameters of the proposed electric model, as shown in Fig. 0.4. [12]. In the following chapter, this model will be studied.

Fig. 0. 4 .

 4 Fig. 0.4. Lissajous voltage/charge figure and the equation of the electrical power on a DBD. Taken from [12].

Fig. 0

 0 Fig. 0.5. a) Gas flows (parallel plates) b) gas recirculates (CO2 laser) c) gas enclosed (excimer lamps).

Fig. 1 .

 1 Fig. 1.1. the typical configuration of a cylindrical excimer lamp.

Fig. 1 . 2 .

 12 Fig. 1.2. Voltage -Current characteristics of low-pressure electrical discharge.[START_REF] Roth | Industrial Plasma Engineering[END_REF] 

Fig. 1 . 3 .

 13 Fig. 1.3. Townsend discharge.[START_REF] Roth | Industrial Plasma Engineering[END_REF] 

Fig. 1 . 4 .

 14 Fig. 1.4. Representation of a streamer in a DBD.

Fig. 1 . 5 .

 15 Fig. 1.5.Illustration of the effect of DBD to avoid the temperature increase.

Fig. 1 . 7 .

 17 Fig. 1.7. Excimer lamp and electrical model.

Fig. 1 . 8 .

 18 Fig. 1.8. The Lissajous figure of Manley experiment.

Fig. 1 . 9 .

 19 Fig. 1.9. Basic electrical model (Manley model).

Fig. 1 . 9 .

 19 Fig. 1.9. Basic electrical model (Manley model).illustrates the Manley model, widely used in different studies of the DBD. Although over time, variations of this model have arisen, seeking greater complexity and therefore a better approximation or in some cases simplifying it. The Manley model variations or the different existing models depend on the different DBD

Fig. 1 .

 1 Fig. 1.10. linear electrical model.

Fig. 1 .

 1 Fig. 1.11Common electrical model.

Fig. 1 .

 1 Fig. 1.12. An electrical model with variable capacitance. Taken from[START_REF] Amjad | Analysis and Implementation of Transformerless LCL Resonant Power Supply for Ozone Generation[END_REF] and[START_REF] Fang | Electrical Model and Experimental Analysis of the Atmospheric Pressure Homogeneous Dielectric Barrier Discharge in He[END_REF] respectively.

Fig. 1 .

 1 Fig.1.13. Experiment with excimer lamps. Taken from[START_REF] Saleh | Multistage and Multilevel Power Electronic Converter-Based Power Supply for Plasma DBD Devices[END_REF].

Fig. 1 .

 1 Fig. 1.14. For a given frequency, the same electric power can be obtained by a different combination of I and δ.

Fig. 2 . 1 .

 21 Fig. 2.1. Block diagram of the experimental bench.

Fig. 2 . 2 .

 22 Fig. 2.2. Power converter with voltage output. Taken from[START_REF] Rubio | Power Supplies for the Study and Efficient use of DBD Excimer UV Lamps[END_REF].

Fig. 2 . 3 .

 23 Fig. 2.3. However, this kind of topology can only assure an average current control of the DC current source because the output of this source presents a bipolar voltage, and the input port of the inductor can only reach positive values.

Fig. 2 . 3 .

 23 Fig. 2.3. Current source and current inverter to current output DBD supply. Taken from [68].

Fig. 2 . 4 .

 24 Fig. 2.4. Series resonant inverter. Taken from[START_REF] Saleh | Multistage and Multilevel Power Electronic Converter-Based Power Supply for Plasma DBD Devices[END_REF].

  2.5. This current presents a square current waveform having three adjustable variables: frequency (f), duty cycle (D) and current intensity (I). To represent the DBD the electric model is used (left equivalent circuit).

Fig. 2 . 5 .

 25 Fig. 2.5. Electrical model and rectangular current waveform.

Fig. 2 . 6 .

 26 Fig. 2.6. Lateral view of the excimer lamps with the geometrical parameters to be varied in this work.

Fig. 2 . 7 .

 27 Fig. 2.7. Electrical diagram of the power stage.

Fig. 2 . 8 .

 28 Fig. 2.8. The control sequence of the current inverter illustrating the moments where current is injected on DBD.

Fig. 2 . 9 .

 29 Fig. 2.9. Voltage and current waveforms on switches K1, K2, K3, and K4.

Fig. 2 .

 2 Fig. 2.10. Thyristor i-v characteristic.

Fig. 2 .

 2 Fig. 2.11. The current inverter connected to an excimer lamp.

Fig. 2 .

 2 Fig. 2.12. Current in the 19 lamps as a function of the frequency. The case for a D duty cycle of 5%.

Fig. 2 .

 2 Fig. 2.13. Current in the 19 lamps as a function of the frequency. The case for a duty cycle of 100%.

Fig. 2 .

 2 Fig. 2.14. Lamp peak voltage as a function of the frequency.

Fig. 2 .

 2 Fig. 2.15. Selection of the MOSFETs via the V I product, lamp 13 being the most demanding curve.

Fig. 2 .

 2 Fig. 2.15 shows two cases:

Fig. 2 . 16 .

 216 Fig. 2.16. The number of feasible operating points vs. the frequency for different turns ratio of the transformerfor the most demanding lamp.

Fig. 2 .

 2 Fig. 2.17. Simplified transformer model used in this work together with the load.

Fig. 2 .

 2 Fig. 2.18. Three different cases for the DBD current using different values of the leakage inductance.

Fig. 2 .

 2 Fig. 2.19. A real example of the influence of the magnetizing inductance on the current waveform.

Fig. 2 .

 2 Fig. 2.21. Cross-sectional view of the transformer illustrating the design variables.

Fig. 2 .

 2 Fig. 2.22. Core's configurations. a) 2U cores. b) 2U cores + 2I cores.

Fig. 2. 23 andFig. 2 .

 232 Fig. 2.24 show these windings for the 2U (right) and 2U+2I (left) configurations.

Fig. 2 .

 2 Fig. 2.23. The primary winding for a 2U+2I core (left) and secondary winding for a 2U core (right) configurations.

Fig. 2 .

 2 Fig. 2.24. Secondary winding with multilayers and multi-sections.

  2.25. With the design results, two different transformers are implemented, and the parasitic elements are measured to determine the precision of the values delivered by the algorithm. The design and implementation of the frame for each transformer are seen in Fig. 2.26.

Fig. 2 .

 2 Fig. 2.26. Design and implementation of transformer frameworks.

  .23 and Fig. 2.24. In sections c and d of Fig. 2.26, the framework for the transformer is implemented with multiple sections (two) and multiple layers (three) in the secondary winding. The parasitic elements are measured with open circuit and short circuit tests, with the help of an impedance analyzer to measure the values of the sum of the magnetizing and leakage inductances (open circuit) and the value of the leakage inductance (short circuit), as shows Fig. 2.27.

Fig. 2 .

 2 Fig. 2.27. Test circuits to find out the parasitic inductances.

  DC current source controls the amplitude of the current pulses on the DBD (I); this current source must have the ability to deliver different DC current values with the waveform shown in Fig. 2.30 as load, which is the input voltage of the current inverter.

Fig. 2 .

 2 Fig. 2.30. DC current source with a typical voltage waveform at the input of the current inverter.

Fig. 2 .

 2 Fig. 2.32. Comparison between lower and higher frequency (with respect to the inverter frequency) in DC current source.

Fig. 2 .

 2 Fig. 2.35. The output voltage of the chopper vch and input voltage of the current inverter vB -a case where fch is higher than f.

Fig. 2 .

 2 Fig. 2.36. Power stage schematic.

Fig. 2 . 37 .

 237 Fig. 2.37. Power stage.

Fig. 2 .

 2 Fig. 2.38. Four different examples of power stage operation.

Fig. 3 . 1 .

 31 Fig. 3.1. Basic block diagram of the characterization system.

Fig. 3 . 2 .

 32 Fig. 3.2. Mechanical support of the excimer lamps, cooling system and sensor positioning.

Fig. 3 . 3 .

 33 Fig. 3.3. UV and temperature sensors used in the experimental set-up.

Fig. 3 . 5 .

 35 Fig. 3.5. Flowchart for the parametric sweep of one excimer lamp.

Fig. 3 . 9 .

 39 Fig. 3.9. Excimer lamp with low electric power having a non-uniform UV emission.

Fig. 3 .

 3 Fig. 3.10. LabVIEW user interface.

Fig. 3 .

 3 Fig. 3.11. Influence of the parasitic components on the current waveform.

Fig. 3 .

 3 Fig. 3.12 shows an example of the measuring method for the current value, where the derivative signal indicates the current pulses, and the system obtains the values for the current injected on the DBD.

Fig. 3 .

 3 Fig. 3.13. Method to measure the discharge duration. The beginning with the positive derivative of the UV pulse and the end with the negative derivative of the DBD current.

Fig. 3 .

 3 Fig. 3.15. Analog sensors on the excimer lamp container.

Fig. 3 .

 3 Fig. 3.16. Measurements from Oscilloscope.

  are the simulation and tested results found for the OP with f = 170 kHz, D = 15 %, I = 1.4 A, and the electrical model of the DBD with the following parameter values Cd = 204 pF, Cg = 67 pF and Vth = 2.43 kV.

Fig. 3 .

 3 Fig. 3.17. Simulated and tested waveforms for a specific case.

4 . 2 (

 42 experimental example).

Fig. 4 . 2 .

 42 Fig. 4.2. An experimental example of the Manley diagram in lamp 04.

  4.2 or six different vertices in Fig. 4.4. For instance, in Fig. 4.2, D is chosen: as the rightmost point (highest charge) to calculate the dielectric capacitance, or the other point (highest voltage) to calculate the equivalent series capacitance and so the gas capacitance. These points represent our best approximation to the theoretical parallelogram figure. The slopes of the straight lines between points are used to derive the model capacitances, as previously explained (Cd and Cg) in section "DBD model". Finally, these values are stored in a database and are associated with the lamp under test and the current OP. For each lamp, all the values are analyzed before performing an averaging to obtain a consolidated model to be used. In this examination, variations of the identified parameters are studied for the three D.O.F. and the DBD power. Only for the frequency variable (f) a clear relation was found with the three parameters (Cd, Cg, and Vth), where higher variance is found for frequencies above 150 kHz, as displayed in the example for lamp 02 in Fig. 4.3.

Fig. 4 . 3 .

 43 Fig. 4.3. Electrical model values as a function of frequency.

Fig. 4 . 5 . 4 . 1 . 2 .

 45412 Fig. 4.5. Theoretical and experimental working range.

Fig. 4 . 7 .

 47 Fig. 4.7. Electric power as a function of discharge time, with frequency and current intensity constant.

Fig. 4 . 8 .

 48 Fig. 4.8. Electric power as a function of frequency, with discharge time and current intensity constant.

Fig. 4 .

 4 Fig. 4.10. Example of two different OP at the same electric power, generating different level of UV.

Fig. 4 .

 4 Fig. 4.11. the capability of the algorithm to anticipate UV values in the working range.

Fig. 4 .

 4 Fig. 4.13. Geometric parameters.

Fig. 4 .

 4 Fig. 4.14. The effect when the inner electrode is longer than the external electrode.

Fig. 4 .

 4 Fig. 4.15 compares the UV performances of two bulbs belonging to a first group, where the external radius is 12.5 mm, and the thickness of the dielectrics is 1.5 mm. The red points are

Fig. 4 .

 4 Fig. 4.15. OPs of bulbs with external radius 12.5 mm, dielectric thickness 1.5 mm, and two different inner radius 2.5 (lamp 12) and 7.5 mm (lamp 18).

Fig. 4 .

 4 Fig. 4.18. Two different cases with the same internal and external radius and different dielectric thickness.

Fig. 4 .

 4 Fig. 4.21 UV as a function of the gas gap and volume with similar OP.

Fig. 4 .

 4 Fig. 4.22. UV efficiency as a function of electric power.

Fig. 4 .

 4 Fig. 4.23 the f = 100 kHz and δ = 1 μs.

Fig. 4 .

 4 Fig. 4.23. UV as a function of current intensity.

Fig. 4 .

 4 Fig. 4.25. UV as a function of frequency.

Fig. 4 .

 4 Fig.4.[START_REF] Tarasenko | UV and VUV excilamps excited by glow, barrier and capacitive discharges[END_REF] shows at low frequencies the increase in UV following the rise in frequency (because the electric power is also increasing), but as the frequency grows more the UV tends to stabilize.

Fig. 4 . 4 . 4 . 6 .

 4446 Fig. 4.26. An experimental example of burst mode.

Fig. 4 .

 4 27 shows the first example where P = 430 W and f = 100 kHz while varying I and δ.

Fig. 4 .

 4 Fig. 4.28. UV intensity and efficiency as a function of discharge duration and current intensity.

Fig. 4 .

 4 Fig. 4.29. 2D projection of current intensity and UV intensity.

4 . 24 .

 424 figure, but further expands the behavior and shows that for shorter pulses the efficiency increases much more than for longer pulses. The Fig.4.30 is very important since it can be used to avoid discharge durations close to the minimum region.

Fig. 4 .

 4 Fig. 4.30. 2D projection of UV as a function discharge duration.

Fig. 4 .

 4 Fig. 4.31. Comparison between I and f in the UV production at constant electric power.

Fig. 4 .

 4 Fig. 4.32.UV intensity and efficiency as a function of current intensity and frequency.

Fig. 4 .

 4 Fig. 4.33. 2D projection of UV as a function current intensity.

Fig. 4 .

 4 Fig. 4.34. Comparison between δ and f in UV production at constant electric power.

Fig. 4 .

 4 Fig. 4.35. UV intensity and efficiency as a function of frequency and discharge duration.

Fig. 4 .

 4 Fig.4.36 shows the electric power and current intensity as input parameters. It is important to observe how the current intensity has greater influence, on the UV intensity and the UV efficiency, than the electric power, this proves the initial hypothesis of the study where it was considered that the D.O.F. (I, δ and f) have additional effect on the UV emission other than the one through the electric power (P).

Fig. 4 .

 4 Fig. 4.36. UV as a function of current intensity and electric power.

Fig. 4 .

 4 Fig. 4.37. UV as a function of discharge duration and electric power.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  𝑝 ̂= 𝑣 𝑐 𝑔 + 𝑣 𝑐 𝑑

	2𝑉 𝑝 ̂= 2𝑉 𝑡ℎ +	𝐼 • 𝐷 2 • 𝑓 • 𝐶 𝑑				
	𝑉 𝑝 ̂= 𝑉 𝑡ℎ +	𝐼•𝐷 4•𝑓•𝐶 𝑑	or	𝑉 𝑝 ̂= 𝐼•𝛿 2•𝐶 𝑑	+ 𝑉 𝑡ℎ (1 +	𝐶 𝑑 𝐶 𝑔	)	Eq. 2.6

Table 2 .

 2 1. Geometric measurements of the excimer lamps to be tested.

	Reference	Ext radius (mm)	Inn radius (mm)	Die. Thickness (mm)

Electrode length (mm) Lamp volume (cm 3 ) Dielectric cap. Cd (pF) Gas cap. Cg (pF) Threshold voltage Vth (V)

  

	Lamp02	22.5	12.5	1.5	300	46.2	250	117
	Lamp03	22.5	12.5	2.0	300	33.9	191	138
	Lamp04	22.5	10.0	1.5	300	85.1	218	79
	Lamp05	22.5	10.0	2.0	300	68.1	166	89
	Lamp06	22.5	7.5	1.5	300	135.7	180	56
	Lamp07	22.5	7.5	2.0	300	114.0	138	62
	Lamp08	22.5	15.0	1.5	300	19.1	278	197
	Lamp09	22.5	15.0	2.0	300	11.5	212	254
	Lamp10	22.5	17.5	1.5	300	3.8	303	476
	Lamp11	22.5	17.5	2.0	300	0.9	230	952
	Lamp12	12.5	2.5	1.5	300	46.2	76	47
	Lamp13	12.5	2.5	1.0	300	60.3	108	40
	Lamp14	12.5	2.5	2.0	300	33.9	60	56
	Lamp15	12.5	5.0	1.5	300	19.1	118	91
	Lamp16	12.5	5.0	1.0	300	28.5	172	73
	Lamp17	12.5	5.0	2.0	300	11.5	92	117
	Lamp18	12.5	7.5	1.5	300	3.8	151	237
	Lamp19	12.5	7.5	1.0	300	8.5	220	158
	Lamp20	12.5	7.5	2.0	300	0.9	116	476

Table 2 . 2 :

 22 Range of the parameters of the model for the entire set of lamps

	Range

Table 2 .

 2 

			3. Number of OP for each lamp with turns ratio (n) 1:10.			
		lamp02 lamp03 lamp04 lamp05 lamp06 lamp07 lamp08	lamp09 lamp10 lamp11
	#OP	193	174	181	173	173	183	198	171	197	163
	freq. Range (kHz)	60-200	60-200 70-200 60-200 90-200 60-200 40-200	70-200	60-200	80-200
		lamp12	lamp13	lamp14 lamp15 lamp16 lamp17	lamp18 lamp19 lamp20
	#OP	90	177		68	168	205	137	163	199	102
	freq. Range (kHz)	130-200	70-200		150-200 70-200	50-200	90-200	90-200	60-200 110-200

Table 2 .

 2 4. Values for the two implemented transformers with the calculated and measured values.

		turns				Lm	Lk
		relatio	Design	Cp Algorithm Cp measured	measure	measure
		n				d	d
	Configuration 1	1:10	1 layer, 1 section	12.3 pF	10.9 pF	685.7 μH	4.3 μH
	Configuration 2	1:10	3 layers, 2 sections	11.4 pF	10.6 pF	2000 μH	38.0 μH

Table 3 .

 3 1: Results of comparison between simulation and experimental test

		Theoretical Simulation Test	ErrorT-S
	𝑉 ̂𝐷𝐵𝐷	3.9 kV	3.0 kV	3.4 kV	11 %
	P	308 W	323 W	350 W	7.7 %

  The chosen lamp is lamp 04 since it has one of the largest volumes in the set and therefore shows some of the OPs with the highest UV levels in the entire data set. Besides, the dielectric thickness is smaller than the lamp with similar volume; this also increases the UV level according to section 4.2.1.3. The geometrical characteristics are summarized in Table4.2.

Table 4 .

 4 2. The geometry of excimer lamp 04.

	Reference	Outer radius (mm)	Innner radius (mm)	Dielectric Thickness (mm)	Electrode length (mm)	Gas gap (mm)	Volume (cm 3 )
	Lamp04	22.5	10.0	1.5	300	9.5	291
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To reach the maximum current value defined in previous sections (14 A), a two-quadrant chopper topology is considered, giving instantaneous control of the DC current regardless of the voltage sign at the input of the current inverter, which can take positive or negative values, as shown in Fig. 2.30.

The control of this converter is intended to provide a low-ripple peak current control operating at a constant frequency, as will be explained later in this section. As shown in Fig. 2 The selection of the switches for the DC current source is given by different factors such as: the blocking voltage that is equal to the DC input voltage Vin, the maximum current already defined with the inverter (14 A), the duty cycle of the chopper (Dch), and the switching frequency (fch) that can be independent of the inverter frequency (f), as will be detailed later.

Switching frequency

For the chopper switching frequency (fch) it is not necessary to have the same value of frequency as for the current inverter (f), on the contrary, and assuming a ripple in the current inductance, there are two possibilities as illustrated in Fig. 2.32.

The first one presents a very low-frequency operation for the chopper causing a low-frequency ripple in the production of the UV. This effect can be undesirable for optimization purposes since the efficiency in the energy conversion (electrical to UV) could be measured in different 

Inductance value

To determine the minimum value that the inductance can have, the worst case in terms of current ripple is assumed. This happens when the maximum frequency on the current inverter and the maximum frequency on each DC current source is similar as shown in Fig. 2. [START_REF] Chen | Influence of Nonthermal Plasma Reactor Type onCF4 and SF6 Abatements[END_REF]. This figure plots the output voltage of one chopper vch and the input voltage of the current inverter vB. Note that fch > f. current waveform on the DBD (iDBD -pink), the output current of the DC current sources (Jblue) and the UV waveform (yellow) are observed.

At this step, it is important to highlight how the values of the electrical parameters can be varied in these 4 examples:

• The current values (Jmeasured in the blue rectangles) are: OP1 = 14 A, OP2 = 2 A, OP3 = 8 A and OP4 = 4 A. The electrical measurements were taken from a LeCroy HDO4024 oscilloscope, using current probes LeCroy AP015 and differential voltage probes TESTEC TT-SI9010, as shown in Fig. 

3.4.

Software design

The developed software for the acquisition system has a user interface and several functions to ensure the characterization of the excimer lamp under test, as follows:

• To define the operating point(s) to be tested: data can be directly typed in the user interface, or the program can read the list of desired operating points to be swept from a file. The selection of the ranges for the 3 D.O.F. will be detailed in the next subsection.

• To send the set-points and achieve the real-time corrections to the power stage, assuring the sweep of the operating points defined by the user.

• To take the measurements from the analog sensors, like temperature and average UV radiation density per unit area, via the NI USB-6008 acquisition module. The software also reads data corresponding to waveforms of voltage, current, power, and UV, from the oscilloscope via the Ethernet connection. These measurements are stored, and some waveforms are displayed.

• To adjust the acquisition and operation times, as well as the pause between two consecutive operating points.

The flowchart for the sweep of the three degrees of freedom (J, f, and D) is shown in Fig. 3.5.

The first step is to read the first line of the file containing the operating points to be explored (that will be defined in the next subsection), as shown in Fig. 3.6. With this operating point and the theoretical model of the lamp, a calculation of the peak voltage and the average power is Once the power stage receives these data, it injects the required waveform into the excimer lamp. Then, the acquisition system measures, via the oscilloscope, the actual current amplitude. This amplitude can differ from the set-point as explained in the previous chapter "Step-up transformer". Therefore, the program in LabVIEW adjusts with a PI control this amplitude sending a new set-point to the FPGA. Now the desired current waveform on the excimer lamp is assured, the acquisition begins. In this step the system obtains the measurements from the oscilloscope and the acquisition module, to be stored in a file, together with the values of the electrical parameters and the reference of the lamp.

For each operating point, the measurement is repeated as many times as indicated in the user interface (10 different measurements typically taken in this work). When all the measurements for the OP are finished, the power supply is turned off. Subsequently, the program has two options: first, it waits for the time, or the temperature value indicated in the user interface to start the next OP listed in the file; or second, the OP in progress is the last one, thus the system turns-off and the characterization sweep ends. The file containing the measurements for the entire sweep is saved, with the format shown in Fig. 3.7, for future study (that will be shown in the next chapter). It is important to note that, although the design was planned for the study of excimer lamps, this system can be used in the characterization of other DBD loads, as it is the case for other applications of the research group, regarding the treatment of Diesel exhaust gases. [START_REF] Rueda | System for the research on NOx treatment based on Dielectric Barrier Discharges[END_REF] 

Working range

Before running the acquisition with the parametric sweep, it is imperative to check the requested OPs to be listed in the file that the user interface is going to read; this verification stage is explained as follows:

A cloud of accessible operating points has been plotted for the lamp under test, varying f in steps of 5 kHz, D in steps of 5 % and I in steps of 0.2 A. These ranges have been determined based on initial tests observing the steps in the electrical parameters that impact the UV emission, and time limitation to perform the sweep of the entire set of lamps. Note that these steps and ranges for the three D.O.F. could be reduced to obtain a more precise model of one lamp in a specific zone of interest. The OPs are discriminated by colors as shown in Fig. 3.8. In this figure, with the three degrees of freedom presented on the axes, the range that is definable by the user forms a cube with all the possible OP: within this cube, the green cells are the most interesting OPs for the experiment as their electric power is in the high range (between 400W and 500W). The blue cells are the ones that inject less than 400 W to the lamp.

The orange OPs are eliminated for one of the following reasons: time between each OP is the time required until the system cools-down and reaches this temperature value.

Section 4 has three boxes:

The first, "file address", indicates the address inside the computer where the text file is stored with the data of the electrical parameters of the system (f, I, D) to be swept.

The second and third textbox indicate the start and end lines of the OPs listed in the file that the user want to explore.

• In section 5 there are two textboxes related to the description of the load.

• Section 6 is a display section: in this section, there are four only read text boxes where the one named "# OP" indicates the OP that the system is currently exploring. The other three textboxes indicate the values of the DOF belonging to the waveform.

• Section 7 is also a visualization section, and it consists of basically 5 buttons: the first is used to establish the communication channel between the spectrometer and the system.

The second is used to visualize the desired waveform.

The "waveform" and "waveform2" buttons are used to activate or deactivate the display of signals on the screen.

The last button of the section is "On/Off CS", it activates or deactivates the control process over the electrical parameters acquired, this function will be explained in detail later in section "Control of electrical parameters".

• Finally, section 8, which is also a display section, shows the measurements acquired from the oscilloscope and the analog measurements, the first four from left to right are measurements acquired in the oscilloscope and the last two are those acquired with analog sensors (average UV and temperature). The other electrical parameter to control in the acquisition system is the discharge duration (δ). This variable is chosen for the characterization, instead of the duty cycle (D), because there is a linear relation with the electric power (P), which is not the case for D, as shown in Eq. 2.4 and Eq. 2.5.

However this selection of variable brings an issue:

The duty cycle has almost no error in the experiments because it is set by the FPGA, but it is not possible to claim the same for the value of the discharge duration: indeed, the Eq. 2.5 is an approximation based on ideal waveforms and the values of the DBD electrical model previously obtained by identification in different operating points. Therefore, to correctly set the discharge duration on the DBD, a control of its value is necessary using the measurements of the acquisition system.

The control process of the discharge duration is similar to the one used for the current intensity.

Once the current value is stabilized, the system takes simultaneously current and UV waveforms from the oscilloscope and calculates the derivatives of both waveforms. With the derivative of the UV waveform, it is possible to identify the beginning of the discharge, whilst, the end of the discharge is identified using the derivative of the DBD current waveform, as shown in Fig.

3.13.

A new set-point for D is sent until an error of less than 5% in δ is attained. As for the current control, a hysteresis control is used with a hysteresis window and an increase in the control variable defined in percentages. light that is produced (with a spectrometer). These last measurements are added to the system with the acquisition module NI USB 6008. The sensors, shown in Fig. 3.15, are used to acquire low-speed measurements. The outputs of the sensors have been configured to deliver a voltage between 0 and 5 V, these values are captured by the acquisition module, where a digital filtering process is done in three steps.

• First, the signals are built with 500 measurements acquired at a sampling rate of 5 kHz.

• The second step is to filter the acquired measurements with a third-order low-pass filter with a cut frequency of 40 Hz.

• The third step averages the last 10 measurements acquired, to finally calculate the value to be stored in the system. This whole process takes 1 second, which is the acquisition speed defined for the system.

Analysis of the results

In this chapter, the whole experimental bench and its acquisition system are used to validate the theoretical developments, considering variations of the geometric parameters (different excimer lamps) and of the electrical parameters (Degrees Of Freedom of the power supply).

According to these variations, we will achieve the characterization of the process and relate these parameters to UV emission performances. Fig. 4.1 shows a simplified diagram of the system that points out the inputs of the system, classified in two different groups: geometric and electrics inputs.

The geometrics inputs are the variables that characterize each bulb in the set of 19 lamps:

• Radius of the outer quartz tube (b).

• Radius of the inner quartz tube inner (a).

• Dielectric thickness (T).

• Electrode's length (l).

The electric inputs are the variables to change in the power stage, also called in this work the degrees of freedom (DOF); these are:

• Current intensity (I).

• The discharge duration (δ).

• Frequency (f).

Each combination of these seven input variables defines what we call an "Operating Point" (OP). The experimental measurement of their values will be stored together with three performance indicators of the system. These outputs of our process are currently defined as the following set:

• UV emission.

• Electric Power (P) delivered to the DBD by the power supply.

• Peak voltage across the DBD lamp (Vp). Additionally, all the electrical waveforms are stored too, which can be useful for the DBD model parameters identification, for the accurate measurement of the electric power, current average, the pulse's beginning instant and duration, among others.

Validation of the theoretical analyses

In this part, the theoretical relations and assumptions previously used (Eq. 2.1 -Eq. 2.13) are verified; the possible differences are analyzed and the impacts that these differences may cause on the system operation are observed.

DBD model by the Manley diagram vs. the theoretical values

The first comparison between the experimental data and the theoretical basis is carried out for the parameters of the DBD (Vth, Cd and Cg) in each lamp. This comparison is very useful, because the adjusted values, obtained in this section, will be used to calculate again formulas for the DBD average power or the peak voltage before comparing with the experimental values.

In consequence, the unified model of each excimer lamp has been calculated with the operating points at frequencies below 150 kHz. This limitation can be explained by the difficulty to obtain Where, the number 19 is due to the quantities of lamps in this study. 

The relation between DOF and electric power

The mathematical expression of the electrical power in the gas, and so in the DBD, has been found in Eq. 2.5, now recalled as Eq. 4.2, with a proportional relation to the 3 D.O.F. (I, f, δ).

Two of the three DOF (I, f, δ) will be maintained constant and the electric power will be varied with the remaining variable. This will allow observing if the direct relationship is correct.

In Fig. 4.6, using lamp 7, the discharge duration (δ) and frequency (f) are constant, and the electric power is varied with the current intensity (I). In Fig. 4.7, the frequency and the current intensity are kept constant to observe the relationship between the electric power (P) and the discharge duration (δ).

The relation between UV emission and electric Power

It is assumed, a priori, that the quantity of UV radiation emitted by the lamp (measured in average with the light meter) is directly corelated to the electric power, but as mentioned in the first chapter, previous results also show an influence of the electric variables of the power supply [START_REF] Rubio | Power Supplies for the Study and Efficient use of DBD Excimer UV Lamps[END_REF]. This is confirmed in the present work as shown in Fig. 4.9. In this figure, it is observed how the average trend shown in other studies [START_REF] Florez | Square-Shape Current-Mode Supply for Parametric Control of the DBD Excilamp Power[END_REF], [START_REF] Rubio | Power Supplies for the Study and Efficient use of DBD Excimer UV Lamps[END_REF] is maintained (black line), expecting more UV radiation when increasing the injected power.

However, as the green rectangle shows, for some combinations of the D.O.F. with very similar value of electric power, an important difference in the UV radiation is obtained.

Within this green rectangle, the two OPs in red circles are selected to be shown in detail in Fig. 4.10. Both having an electric power around 330W, corresponding to:

• f1=200 kHz, D1= 30%, I1= 0.8 A

• f2 = 200 kHz, D2=20% and I2=1.2 A

In the left side plot, the waveforms of the currents injected in the lamp for both OP are presented. The right side figure shows the UV intensity in the same time scale for the same two OP (measured in this occasion by the photodetector in arbitrary units); one can observe that the UV emission waveforms are different with much higher radiation intensity for the current with the shorter duration and higher amplitude (right plot); the average UV levels are very different

Where ci are the coefficients to be found and h is a parameter called "shift parameter". This parameter h determines the curvature of the surface function that is statistically determined within the algorithm, but in most cases, it works with a lower value compared to the distance between the data. Finally, N is the number of samples from the experiment. [START_REF] Canova | Magnetic Design Optimization and Objective Multiquadrics Approximation for the Tuning of the Optimization Process[END_REF][START_REF] Alotto | A Multiquadrics-based Algorithm for the Acceleration of Simulated Annealing Optimization Procedures[END_REF] The coefficients are found by solving the following linear system, typically this system does not take long to solve since N does not exceed a few hundred.

Eq. 4.4

Where: 𝑓 𝑖 = 𝑓(𝑥 𝑖 ) and 𝑋 𝑖𝑗 = √ ‖𝑥 𝑗 -𝑥 𝑖 ‖ 2 + ℎ with i, j = 1,2,3,…,N.

Once the coefficients ci are found, they are used to find the surface that describes the approximation g(x). [START_REF] Pahner | Adaptive Coupling of Differential Evolution and Multiquadrics Approximation for the Tuning of the Optimization Process[END_REF][START_REF] Alotto | A "Design of experiment" and statistical approach to enhance the "Generalised response surface" methid in the optimisation of multiminima problems[END_REF] The algorithm in this case is used with two input parameters to be able to observe in threedimensional graphics the influence of each of them on the outputs of the system. These results are compared with those obtained in the previous sections. To avoid the influence of electrical parameters in the analysis of geometric parameters and vice versa the analysis is divided into two sections.

The anticipation of possible OP with the MQRS algorithm

To test the ability of the MQRS algorithm to anticipate OPs, only 70% of the swept OPs are taken to train the algorithm and a surface is generated. Then, the remaining 30% of the Ops are drawn onto the surface and the error (distance) between these non-training points and the surface is calculated and compared to the error produced by the training points.

In Fig. 4.11, the blue points are those used to train the algorithm, while the green points are those used to check it. After analyzing, all the green points have the same dispersion as the blue points, this means that the algorithm works well and that those green points could be identified without performing the experiment. That means, that this algorithm could reduce the time for modeling the lamp as a function of the electrical parameters. 

Geometric analysis.

With the set of 19 lamps, it is possible to obtain different combinations of the geometric parameters as illustrated in Chapter 2. The four system inputs (a, b, T, and l) associated with the electric parameters produce effects on the system outputs (P and Vp), as observed in section 4.1. Therefore, the current section 4.3 focuses on the relation between UV production and those parameters.

Comparison with primary inputs (a, b, and T)

The 4 geometric parameters introduced in Chapter 2, are recalled on Fig. 4.13, namely:

• The internal radius (a).

• The external radius (b).

• The thickness of the dielectric walls (T).

• The length of the electrode (l). 

Variation of external radius

Now, the external radius is varied, and the internal radius and dielectric thickness are kept constant. Fig. 4.17 shows a comparison between two lamps with same internal radius (7.5 mm) and dielectric thickness (2 mm). In Fig. 4.17 it is observed how the OPs of the lamp with a larger external radius (yellow points) produce greater amounts of UV and have a higher dispersion than OP with a smaller radius (blue points). This high dispersion means that the electrical D.O.F. must be selected carefully to maximize the UV production of this lamp. Again, according to the high dispersion of the points along the UV axis, the selection of the electrical variables to supply the lamps must be correctly chosen to maximize their UV production.

UV as a function of the volume

To UV emission. This is confirmed plotting the UV efficiency in Fig. 4.23 right, where one can observe how the system efficiency increases with the current intensity.

Influence of discharge duration in UV emission

The next parameter to analyze is the discharge duration (δ): for this purpose, the procedure outlined in the previous section is repeated and the values are I = 0.64 A and f = 110 kHz, as shown in Fig. 4.24. In Fig. 4.24 left, a behavior similar to the previous case is observed: as the discharge duration increases, the amount of UV emitted increases, and the efficiency in Fig. 4.24 shows how the discharge efficiency increases as the pulse width increases. Since the discharge duration range is limited, this behavior is partial and is later verified with 3D interpolations. In the previous case of the current intensity, it is almost always similar for all cases and therefore it is sufficient to show an experiment.

Influence of frequency in UV emission

The last parameter to vary is the frequency and the same methodology, as for the two previous parameters, is used. Values for the example in In Fig. 4.27 it is interesting to observe how UV has the same behavior as current intensity, while the discharge duration shows the opposite behavior to that shown in Fig. 4. [START_REF] Sosnin | KrCl Barrier-Discharge Excilamps: Energy Characteristics and Applications (Review)[END_REF]. This shows that the current intensity seems to have a greater influence (increase rate) than the discharge duration on UV production. Now to extend the previous analysis, in Fig. 4.28, the current intensity (I), and the discharge duration (δ) are used as input parameters of the identification process with MQRS algorithm previously mentioned. UV intensity and UV efficiency are plotted, and both increase when the current amplitude increases. It is also possible to see that both outputs are higher when the discharge duration is smaller.

To corroborate these results, all the OPs taken on each lamp were analyzed and the graphs analyzed in this section were obtained for each one, the results showed similar behaviors in all the lamps, as evidence of this, the following figure shows the UV as a function of electric power (P) and current intensity (I) on 12 lamps different from the one analyzed in this section, due to space criteria in the document it was decided not to show all the graphs obtained in this study.

Conclusions

In this chapter, the theory showing the control of the electrical power injected into the DBD by means of the 3 D.O.F., was verified with experimental results.

Concerning the lamp construction, it is observed that increasing the volume of the lamps increases the UV production, independently of the power supply variables. It is noticed that a smaller dielectric thickness increases the UV production in two different ways at the same time, since it increases the volume and decreases the peak voltage, which produces a larger working range.

Regarding the electrical variables of the power supply, it was seen that the UV production is increased by means of the growth in the electric power injected. Nevertheless, is the current intensity of the DBD pulses that can increase in a more efficient way the UV emission. To do that, high current (I) and short discharge durations (δ) are found as the good combination, preferring a frequency as low as possible but high enough to achieve the desired level of electric power.

The MQRS algorithm used generates surfaces that allow observing the behavior of the UV as a function of the electrical parameters in a sharper way. It also served to find some minima in the UV production that can be avoided if the electrical variables are correctly chosen. This algorithm showed that it can reduce the number of OPs necessary to characterize the lamp within the working range of the power supply, however, it cannot be used to predict the results of the UV when operating outside this range.

Dielectric Barrier Discharge (DBD):

It is an electric discharge where there is unless one dielectric between the electrodes, this kind of discharge has different advantages respect the other discharges.

DC current source:

Power energy converter where a DC voltage in the input produces a DC current in the output. In this application, this converter has an atypical load (No linear).

Degrees of freedom: They are the electrical parameters that can be controlled in the system, in this specific case are the frequency, current intensity, and discharge time.

Discharge time:

It is an electrical parameter and represents the time where a discharge is produced on the gas in the DBD.

Duty cycle:

It is an electrical parameter and represent the percentage of the period where the system produces a current pulse, the other part of the period the current value is zero.

Electrical parameters: Electrical variables controlled by the system in this specific case, frequency, current intensity, and discharge time.

Excimer: This word comes from the union of two words: excited and dimer, the latter being a molecule composed of two similar units or linked monomers.

Excimer lamps: They are a specific DBD and produces UV ray at a certain wavelength when is excited by an electric discharge.

Frequency: In this case, it is an electrical parameter controlled by the system and represents the number of times that is produced the square waveform in a second.

Gas current: It is the current value that pass through to the gas mixture and produces a discharge. In this case the gas current is equal to DBD current, but the DBD current is not equal to Gas current.

Gas gap:

It is a geometrical parameter that is varied in this study and represents the difference between the external dielectric and the inner dielectric.

Gas mixture: It is the component that fills the excimer lamps and depending on the mixture the excimer lamps produce different wavelengths, for example in this study was used a mixture that produces UV at 308 nm.

Geometrical parameters: they are the geometric variables that were considered in this study, inner and outer radius, dielectric thickness, gas gap, and lamp volume.

Interleaved parallel configuration: It is a power converters configuration that allows increasing the output current, the frequency of the current ripple, and reducing the current ripple.

Multi-Quadric Response Surface (MQRS) algorithm: It is an optimization algorithm widely used since it allows interpolating multidimensionally scattered data independent of the complexity of the function.

Operating Point (OP):

It is the combination of the values of the three electrical parameters, frequency, current intensity, and discharge time.

Parasitic elements of the transformer: They are the electric elements that help to model the behavior of the step-up transformer. In this case, a resistance, a leakage inductance, a magnetizing inductance, and a parasitic capacitance were used.

Paschen's law: Mathematical relation between the threshold voltage in an electric discharge and physic parameters of the discharge as the pressure, the distance, between others.

Peak current mode control (PCMC):

It is an instantaneous control methodology used in the DC current source, where the frequency is constant, and the duty cycle varies.

Power stage:

The part of the system that controls the electrical parameters and is composed by the power converters and the step-up transformer.

Ritz method: Mathematical method used to solve boundary problems.

Square current pulses:

The waveforms that are injected in the DBDs and have three electrical parameters.

Step-up transformer: The element that increases the voltage to reach the necessary levels to produce the discharge in the DBD.

Threshold time:

The necessary time to gas voltage changes between threshold voltage and minus threshold voltage.

Threshold voltage:

The voltage value on the gas necessary to produce a discharge in the gas mixture.

UV intensity: It is the quantity of UV average produced by an excimer lamp with a certain Operating Point.

UV efficiency: It is the mathematical relation between the UV intensity and the electric power on the excimer lamps.

UV sensitivity: It is the UV variation produced by the variations of the electrical o geometrical parameters.

Voltage mode: It is a power supply mode to DBDs where the voltage waveform is imposed on DBD.

Working range: It is the group of the operation ranges of the electrical parameters, in this specific case the frequency range, the current intensity range, and the discharge time range.