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This work focuses on the structural, microstructural, electrical and electrochemical characterization of La Ni O coatings deposited by reactive magnetron sputtering under different argon partial pressures. Deposition was driven by Plasma Emission Monitoring system (PEM) which allows high deposition rate. For each pressure, the optimal regulation setpoint for lanthanum oxide deposition is determined and then the current dissipated on the nickel target is adjusted to obtain the convenient La/Ni ratio to achieve the K 2 NiF 4 structure. After an appropriate annealing treatment, coatings crystallize in the desired structure with more or less impurities. In creasing the device's pressure from 0.4 to 4.8 Pa produces more porous samples with different microstructures. Then, a coating with porosity gradient was built by using these four different total pressures. Its electrical perfor mances were tested and allowed its utilization as cathode layer in intermediate temperature solid oxide fuel cell (IT SOFC). This modified architecture cathode allows better performances (71 mW•cm -2 ) than dense cathode produced by the same technique (51 mW•cm -2 ).

Introduction

Since solid oxide fuel cells (SOFC) are designed to operate at inter mediate temperature (873 1073 K), research works try to face with the drop of the cell performances. Solutions have to be found on each ac tive layer to reduce losses. Reducing layer's thicknesses and using new materials remain the most effective ways to solve this problem. At the cathode side, where high overpotentials cause high resistances, mixed ionic and electronic conductors (MIECs) are dedicated to be new mate rials. It is believed that the improvements are induced by the extended area reaction from triple phase boundary to the whole surface, reducing electrode polarization. Most studies concerning MIECs are talking about perovskite type oxides [1 5]. These compounds become the reference for cathode materials at these lower temperatures. More recently, Ln 2 NiO 4+δ compounds (Ln = La, Pr, Nd) with K 2 NiF 4 structure have been investigated as cathode material [6 10]. These structures present very good catalytic properties towards the oxygen, a predominant elec tronic conductivity in the whole p(O 2 ) range and they are chemically compatible with the electrolyte and the interconnector materials. Because of these properties, those materials have been studied in half cells with different electrolytes with promising results [START_REF] Philippeau | Comparative study of electrochemical properties of mixed conducting Ln 2 NiO 4+δ (Ln = La, Pr and Nd) and La 0.6 Sr 0.4 Fe 0.8 Co 0.2 O 3 δ as SOFC cathodes associated to Ce 0.9 Gd 0.1 O 2 δ , La 0.8 Sr 0.2 Ga 0.8 Mg 0.2 O 3 δ and La 9 Sr 1 Si 6 O 26.5 electrolytes[END_REF] and they begin to be used as cathode material in single cells [START_REF] Zhao | Electrochemical evaluation of La 2 NiO 4+δ as a cathode material for intermediate temperature solid oxide fuel cells[END_REF].

Whereas thick layers deposited by wet techniques are commonly used as cathodes in IT SOFCs, recent studies deal with the deposition of MIEC coatings by physical surface deposition processes [ 13 15]. Re active magnetron sputtering (RMS) technique allows the deposition of thin and dense layers able to be used as electrolyte [START_REF] Briois | A comparison of electrical properties of sputter-deposited electrolyte coatings dedicated to intermediate temperature solid oxide fuel cells[END_REF] or diffusion barrier layers [START_REF] Jordan | Ce 0.8 Gd 0.2 O 2 δ protecting layers manufactured by physical vapor deposition for IT-SOFC[END_REF] in fuel cells. Recently, half cells were completely pro duced by this process with promising results [START_REF] Solovyev | Application of PVD methods to solid oxide fuel cells[END_REF]. Previous studies per formed in our laboratory proved that this technique may also deposit a cathode layer by co sputtering of several metallic targets [ 19 20]. Thin and dense La 2 NiO 4+δ layers were hence synthesized and electrically tested, revealing interesting results compared to literature [START_REF] Fondard | Synthesis and characterization of La 2 NiO 4 + δ coatings deposited by reactive magnetron sputtering using plasma emission monitoring[END_REF]. Never theless, electrochemical characterizations and complete cell tests of this material disclose low results (i.e 50 mW/cm 2 at 973 K on Ni YSZ/YSZ/ GDC/La 2 NiO 4+δ ). The gas tightness of the dense cathode layer avoids a fast adsorption and diffusion of oxygen, resulting as low electrochemical characteristics as demonstrated in literature with other MIECs [ 21 22]. Therefore, the porosity of this layer has to be increased to improve its performances.

In this study, we investigate the feasibility of producing a thin La 2 NiO 4+δ coatings with a porosity gradient by RMS under unstable conditions using Plasma Emission Monitoring (PEM) [23 24]. This tech nique allows the deposition of oxide coatings with high sputtering rate. Four point probe electrical analyses were performed on annealed lanthanum nickelate films in static air in the temperature range from 293 to 1273 K with temperature steps and stabilization time of about 25 K and 20 min, respectively. A Ni YSZ/YSZ/GDC/La 2 NiO 4+δ complete cell was then synthesized from a commercial NiO YSZ anode support using RMS technique. Manufacture of this cell has been described in a previous study [START_REF] Fondard | Synthesis of half fuel cell Ni-YSZ/YSZ on porous metallic support by dry surface deposition processes[END_REF]. The overall cell performance and detailed imped ance analyses of this cell are presented and compared to this cell presenting a dense La 2 NiO 4+δ layer to elucidate the gain of this special configuration.

Experimental details

Deposition device

An Alcatel SCM 650 setup was used in this study. Fig. 1 shows a scheme of the complete setup. The desired vacuum of this 100 L volume sputtering chamber is obtained via a system using ALCATEL RSV 301B/ 2063 primary pump and a 5401CP turbo molecular pump. The chamber is composed by three magnetron targets (diameter = 200 mm), a rotat ing substrate holder (Ø = 620 mm) and an optical fiber placed near the erosion area of the target. The distance of 110 mm between the sub strate holder, parallel to the targets, was used for these experiments. A pulsed DC dual generator (Advanced Energy Pinnacle +) managed the discharge current of the targets. For each deposition with the lantha num metallic targets, the discharge current was fixed at 2.5 A while it was varied with the nickel target to obtain a La/Ni metallic ratio of 2, and consequently the wished K 2 NiF 4 structure. Different glass, alumina (Ø = 16 mm), YSZ (Ø = 20 mm) samples and Ni YSZ/YSZ/GDC sputtered half cells with commercial anode support (Ø = 23 mm), were used as substrates for the various analyses made during this work. Before to realize the cathode deposition (Ø = 21 mm), a circular mask was placed on the half cell to allow the single measurements. Prior to each deposition, substrates were cleaned by cold soaped water, rinsed and then dried with paper. The anode supports were additionally dried at 353 K for 3 h to remove the water. Electrolyte and GDC protective films were coated in the same setup with Zr Y (84 16 at.%) and Ce Gd (80 20 at.%) metallic targets followed by a thermal treatment at 773 K for 2 h after each deposition process to densify the coatings. Substrates were placed at 170 mm of substrate holder's center, where the coatings present the best homogeneity. Argon and oxygen gases were used to obtain a plasma and deposit ceramic coatings. Flow meters (Brooks) managed the gas flow rates and Baratron gauge (MKS) measured the total pressure of the chamber. A closed loop control PEM system allowed to control the oxygen flow rate by the measurement of the optical intensity of the 391.91 nm lanthanum emission line (I La ⁎ ) col lected through an optical fiber. The signal is sent to a spectrometer (Ropper Scientific SpectraPro 500i), with a 1200 groove mm -2 grating and a photomultiplier tube (Hamamatsu R 636). A homemade software developed with Labview® managed the information and control the ox ygen flow rate to keep the intensity of the optical signal I La ⁎ at the desired value.

Structural, morphological

Samples were analyzed by Scanning Electron Microscopy (SEM) using a JEOL JSM 7800 F to determine their microstructure. Metallic ra tios were measured by Energy Dispersive Spectroscopy (EDS). Samples were coated with carbon by evaporation under vacuum before EDS analyses. These analyses were performed at Working Distance equal 10 mm with 15 kV acceleration voltage and 2 nA probe current. 5 mea surements were made on different parts of the sample and an average value was calculated. A BRUKER D8 focus diffractometer was used to check the structural features of the samples. This device, equipped with the LynxEye linear detector, use the K α1 + α2 of cobalt radiations to XRD collect patterns. Analyses were performed at room temperature from 20°to 80°scattering angle by steps of 0.019°. The thickness of coatings was measured on glass slides with an Altisurf profilometer (Altimet) allowing an accuracy of 20 nm. This device was calibrated before each measurement following the CETIM accreditation (reference sample number 787569). Measurements were performed using the "step" method in which a small surface tape is stuck prior to deposition process, then removed leaving a step revealing the thickness of films.

Electrical measurements

The electrical resistivity measurements were performed with a HP 3458 A multimeter on La Ni O films deposited on alumina substrates. With regard to its high insulating character, it is assumed in the follow ing that the substrate has no significant contribution to the electrical conductivity. The four point probe technique with four Pt aligned elec trodes was used. Two outer probes behaved as the current carrying electrodes (I1, I2) and the two inner ones were used to measure the voltage (E1, E2). Two cell configurations were used for the measure ments: cell 1 was used to define the resistivity at room temperature (Jandel, Linslade, UK). It is a standard and certified cell allowing the ac curate determination of the geometric factor. The second cell developed by the LEPMI laboratory (Grenoble, France) allows measurements at various temperatures. This latter cell is placed inside an alumina tube and positioned into a furnace (Pekly, Thions Gardais, France). The comparison of the resistance measured at room temperature with cell 1 (R 1 ) and cell 2 (R 2 ) was used to determine the geometric factor of cell 2 thanks to the relationship (Eq. ( 1)):

σ 1 ρ 1 4:381 Ã R 2 R 1 Ã t ð1Þ 
where 4.381 is the correction factor calculated from the diameter of the sample (Ø = 16 mm) and t, the thickness of the film.

Complete cell tests

The samples were inserted into a homemade cell designed at the ICMCB laboratory (Bordeaux, France). A nickel/gold grid was main tained on the cathode side with springs. Before cell tests, the cathode layer of the stack was first crystallized at 1073 K during 10 h. Anode layer was then reduced at 973 K during 6 h. Measurements were per formed at 973 K with 120 mL/min of H 2 3 vol.% H 2 O on the anode side and 240 mL/min air on the cathode side. Electrochemical measure ments are realized by the use of an Autolab PGSTAT30 potentiostat driven by GPES and FRA software for voltammetry and impedance mea surements. In cyclic voltammetry, the output current is measured from different potentials. The parameters for the Voltammetry measure ments were 2 s equilibrium time, start potential at OCV, end potential 0.2 V and 5 mV/s speed. Electrochemical Impedance Spectroscopy (EIS) was then performed on the Open Circuit Voltage (OCV) from 100 mHz to 10 MHz with 10 points per decade with 50 mV amplitude.

Result and discussion

3.1. Deposition of the cathode layer 3.1.1. Determination of the optimal regulation setpoint for each pressure Fig. 2 shows the discharge voltage versus oxygen flow rate curves of La and Ni targets during their sputtering at discharge current values re spectively 2.5 and 0.7 A applied to metallic targets. For the nickel mate rial, the target voltage oxygen flow rate curve is reversible which corresponds to so called stable sputtering conditions. For the lanthanum metallic target, an hysteresis loop characteristic of the instability of the La O system is observed, depending on whether oxygen flow rate in creases or decreases. With magnetron sputtering technique, the use of metallic targets in presence of oxygen can lead to the deposition of ce ramic or metallic coatings depending on the oxygen content. Low oxy gen flow rates are associated with high sputtering rate but the coating is often oxygen deficient (metallic mode). Conversely, high oxygen flow rates induce a contamination of the target's surface (i.e. formation of oxide compounds). When the surface of the target is entirely oxidized (poisoned mode), the sputtering rate decreases and stoichiometric oxides are deposited. The physicochemical state that conditions the av erage sputtering yield of the target, is usually a monotonic and quite proportional function of the optical signal I M ⁎ measured by Optical Emission Spectroscopy [26 27]. The PEM system allows the deposition of coatings in the unstable domain of the hysteresis loop by fixing the intensity of the plasma emission line of the target using a closed loop control of the oxygen flow rate as explained in a previous work [START_REF] Billard | Attempted modelling of thickness and chemical heterogeneity in coatings prepared by d.c. reactive magnetron sputtering[END_REF]. In deed, PEM is a very suitable technique to allow high rate growth of oxide coatings [START_REF] Fondard | Synthesis and characterization of La 2 NiO 4 + δ coatings deposited by reactive magnetron sputtering using plasma emission monitoring[END_REF][START_REF] Coddet | Reactive co-sputter deposition of YSZ coatings using plasma emission monitoring[END_REF] under unstable sputtering conditions (transition mode). The PEM control was then performed on the La target with a fixed discharge current of 2.5 A. A drop of the optical emission until about 5%, occurs at critical oxy gen flow rate. This critical oxygen flow rate evolves from about 6.4 to 2.6 sccm O 2 with increasing argon pressure from 0.4 to 4.8 Pa which is consistent with a decrease of the pumping speed and a stronger diffu sion of sputtered metal atoms. Whatever the total pressure, using PEM allows the deposition with an optical intensity set point (S) located in the unstable domain inside the hysteresis loop and allows the deposi tion of oxide coatings with higher deposition rates. The setpoint I La ⁎ is fixed by the operator, allowing the control of the oxygen flow rate by the software. The S value was varied from 95 to 10% to obtain the plot ted open symbols (Fig. 3) in the unstable domain. The Table 1 summa rizes the evolution of the hysteresis domain as function of the total pressure. In a previous work [START_REF] Fondard | Synthesis and characterization of La 2 NiO 4 + δ coatings deposited by reactive magnetron sputtering using plasma emission monitoring[END_REF], the methodology for determining the regulation set point had been already described on the La O system. In this study, the regulation set point is respectively 55%, 65%, 70% and 80% for 0.4, 1.9, 3.2 and 4.8 Pa.

Deposition of La Ni O coatings: influence of total pressure

The coatings are deposited by co sputtering of La and Ni metallic targets in Ar O 2 mixtures for which the oxygen flow rate is controlled by the PEM system. Fig. 4 presents the metallic La/Ni atomic ratio determined by EDS analyses versus the discharge current applied to the Ni target while the La target current is fixed at 2.5 A. For each pressure, the metallic ratio La/Ni decreases linearly with increasing the discharge current on the Ni target. The current on the Ni target necessary to obtain the targeted composition for La 2 NiO 4 also increases with increasing the total pressure. This should be ascribed to a stronger diffusion of Ni than La in the gas phase due to its lower mass. Optimal discharge current of 0.38 A, 0.44 A, 0.57 A and 0.68 A with PEM set points fixed at 55%, 65%, 70% and 80% for 0.4, 1.9, 3.2 and 4.8 Pa respectively were deter mined to obtain the La 2 NiO 4 composition. In fact, as EDS analyses do not allow a reliable determination of the oxygen content into the coatings, it was only used to estimate the metallic composition.

As expected for each pressure, XRD measurements performed on as deposited samples show the presence of an amorphous structure what ever the composition of the coating. In order to crystallize the La 2 NiO 4 phase, annealing at 1173 K for 2 h were applied according to a previous study [START_REF] Fondard | Synthesis and characterization of La 2 NiO 4 + δ coatings deposited by reactive magnetron sputtering using plasma emission monitoring[END_REF] with samples presenting a La/Ni ratio of about 2. Fig. 5 pre sents the XRD patterns of annealed coatings deposited on alumina sub strates at 1173 K for 2 h for the different total pressures with a La/Ni ratio close to 2. The increase of the partial pressure changes the phase content of the coating according to the slight drift of the coating compo sition. For these experimental conditions, high pressure favors the for mation of La Ni O perovskite phases (La 4 Ni 3 O 10 and/or La 3 Ni 2 O 7 ) and lanthanum oxide in addition to La 2 NiO 4 desired structure for a La/Ni ratio close to 2. These perovskite phases are normally formed when the La/Ni ratio is lower, but the La 2 O 3 compound, which should be formed at higher ratio, is present. The occurrence of La 4 Ni 3 O 10 together with La 2 NiO 4 and La 2 O 3 was already observed with high oxygen partial pressures by others [START_REF] Zinkevich | Thermodynamic analysis of the ternary La-Ni-O[END_REF] and could explain our results at 1.9 and 4.8 Pa. The intensity of lanthanum oxide peak after deposition at 3.2 and 4.8 Pa is consistent with the slight excess of La (La/Ni = 2.12 ± 0.10 and 2.16 ± 0.04 at 3.2 and 4.8 Pa respectively). Intensity of La 2 O 3 peak is higher at 4.8 Pa because high amount of nickel is present in La 4 Ni 3 O 10 and/or La 3 Ni 2 O 7 structures. It also could be ascribed either to a gradient of composition in the thickness of the coating or more probably to a gradient in the width of the columns, the external surface of the col umns being probably depleted in Ni, which should also explain the quite large amount of La 2 O 3 in the coatings deposited at high pressure which also develop the higher specific surface area.

Deposition of cathode layer with porosity gradient

Previous studies have shown that dense coatings deposited at low pressure (0.4 Pa) reproduce the morphology of alumina and YSZ sub strates [START_REF] Fondard | Synthesis and characterization of La 2 NiO 4 + δ coatings deposited by reactive magnetron sputtering using plasma emission monitoring[END_REF]. According to the Thornton's diagram revised by Anders [START_REF] Anders | A structure zone diagram including plasma-based deposition and ion etching[END_REF], the morphology becomes less and less dense with decreasing the average energy of impinging species, e.g. by increasing the deposition pressure (Fig. 6a,b). Porous morphology is then expected to increase the exchange surface between the cathode and the gas phase. Neverthe less, the adhesion of porous coatings seems to be low. From the literature, the use of a thin and dense interfacial cathode layer is sup posed to improve the adhesion of the cathode by increasing the contact between the porous cathode and electrolyte layer [START_REF] Hildenbrand | Influence of configuration and microstructure on performance of La 2 NiO 4+δ intermediate-temperature solid oxide fuel cells cathodes[END_REF]. For all these rea sons, it was decided to deposit a cathode with porosity gradient with a general La/Ni ratio of about 2 by increasing the pressure during the de position stage according to the results presented earlier. YSZ pellets and Ni YSZ/YSZ/GDC commercial anode supported half cells were then cov ered by a gradient cathode coating. Table 2 summarizes the deposition parameters of those coatings. EDS measurements performed on the top of these as deposited and annealed samples confirmed a La/Ni ratio close to 2 (1.87 ± 0.04 and 1.95 ± 0.05 for as deposited and annealed coatings respectively).

Fig. 6c andd present the morphology of the coating deposited on YSZ pellet after annealing at 1173 K during 2 h from top view and cross section respectively. The desired morphology is obtained on this sample. The top view shows an island like growth of the gradient coating with cracks like separations of the islands corresponding coarsely to the size of the YSZ grains and expected to contribute to the increase of surface exchange between the gas phase and the cathode material.

Electrical and electrochemical tests

Electrical analyses

In order to assess the characteristics of the well crystallized films, electrical measurements were performed implementing a four point probe method on annealed samples. It is compared with the litera ture data [START_REF] Boehm | Oxygen diffusion and transport properties in non-stoichiometric Ln 2 x NiO 4+δ oxides[END_REF][START_REF] Dailly | Perovskite and A 2 MO 4 -type oxides as new cathode materials for protonic solid oxide fuel cells[END_REF][START_REF] Coddet | Planar Solid Oxide Fuel Cell: Electrolyte Deposited by Reactive Magnetron Sputtering and Cell Test[END_REF] and with dense cathode layers presented in a pre vious paper [START_REF] Fondard | Synthesis and characterization of La 2 NiO 4 + δ coatings deposited by reactive magnetron sputtering using plasma emission monitoring[END_REF]. Fig. 7 highlights that, despite a lower conductivity at room temperature of the gradient cathode, its conductivity around 973 1073 K (30 60 S•cm) is closed to that of bulk cathodes of the literature. 

Complete cell tests

Previous studies proved that either air or nitrogen conditions gas crystallization treatments were not suitable for this last step of the com plete cell elaboration. Indeed, air conditions treatment at 1173 K deteri orated the anodic side of the cell and nitrogen conditions did not allow the targeted lanthanum nickelate phase. Thus, cathode materials were crystallized prior to the test in the single cell test setup to obtain the convenient La 2 NiO 4 structure. It was performed by increasing the cell temperature up to 1073 K for 6.5 h by introducing on the cathode side 120 sccm O 2 and on the anode side a 6 sccm humidified H 2 114 sccm N 2 gas mixture. Fig. 8 presents structure comparison of Ni/YSZ/YSZ/ GDC cells covered with the porosity gradient LNO layer (p LNO) and with a dense LNO layer produced at 0.4 Pa (d LNO). Due to a thin cath ode layer, GDC substrate's structure is identified. As deposited samples are amorphous. XRD measurements of the crystallized coatings identify the same structure of these samples. The same tetragonal lanthanum nickelate phase is identified with a very low amount of lanthanum oxide impurities. These analyses prove that the crystallization method is suitable in these conditions to crystallize the targeted phase without major impurities.

The anode reduction was then performed at 973 K with a gas flow evolving linearly from 6 to 120 sccm of humidified H 2 on the anode side while 120 sccm O 2 was injected on the cathode side. The Open Circuit Voltage (OCV) was measured during the reduction stage (Fig. 9). The shape of the reduction curves is quite similar for p LNO and d LNO cells. Maximal OCV values were measured at 0.9 V for both cells. This value is quite lower to the theoretical value of 1.05 V at this temperature and proves that it depends mostly on the electrolyte tightness. Increasing oxygen flow rate has no significant effect on the cell's OCV.

When, the OCV is stable, complete cells tests begin. Fig. 10 presents voltammetry tests of these complete cells at 973 K to target the IT SOFC's application domain. These measurements indicate a maximum power density of 71 and 51 mW/cm 2 for porous and dense cathodes, re spectively. It increases up to about 140 mW/cm 2 for the porous cathode when the test is performed at 1073 K. In the literature, anode supported cells with electrolyte manufactured by reactive magnetron sputtering process (RMS) reach a power density of 410 mW/cm 2 at 973 K [START_REF] Wang | Preparation of YSZ films by magnetron sputtering for anode-supported SOFC[END_REF] and 600 mW/cm 2 at 1073 K [START_REF] Coddet | Planar Solid Oxide Fuel Cell: Electrolyte Deposited by Reactive Magnetron Sputtering and Cell Test[END_REF]. Nevertheless, no complete cells pre senting cathode manufactured by RMS were analyzed in complete cell tests. Some improvements of the cell microstructure and reduction of the thickness have to be performed in order to obtain higher perfor mances. These results prove that the porosity gradient is an efficient way to improve the performances of the cell. Indeed, despite the perfor mances are in the same order of magnitude, power densities are improved to 28% by replacing dense cathode by a more porous one. Cathode microstructure should also play an important role in the performances of the cells. This may increase the oxygen reactive area.

To explain the rather low performances of the cells (71 and 51 mW/cm 2 for porous and dense cathodes), Electrochemical Imped ance Spectroscopy (EIS) characterizations were performed on these samples. Impedance of a circuit presents real (Z') and imaginary (Z") parts as shown in (Eq. ( 2)).

Z ω ð Þ Re Z ð Þ þ jIm Z ð Þ Z 0 þ jZ ″ ð2Þ 
Impedance is usually represented in complex plan of Nyquist from the relation (Eq. ( 3)).

-Z 0 f Z ″ ð3Þ 
Fig. 11 presents Nyquist plots of the complete cells under OCV. These diagrams were fitted using Z View software. Modeled data are repre sented by lines in the figures while experimental measurements are represented by points. Four contributions characteristic of different phenomena appearing were identified in high, medium and low frequency ranges. Each contribution can be modeled by a sum of ele mentary circuits (resistance, capacitance, and inductance). Constant Phase Element function (CPE) can be used to better fit the experiments values. This function can act as a resistance, capacitance or inductance and is more and more used with electrochemical phenomena. Resis tance and associated capacitance values were extracted from these fits. Nyquist curves were fitted by the same equivalent circuits. Their shapes are similar, only the different resistances varying. Total resis tance of the "p LNO" sample is lower than that of the "d LNO" sample, explaining performances measured on the different samples (Fig. 9). These resistances remain very high and explain the lower output power densities of the cells compared to literature data (71 mW/cm 2 and 600 mW/cm 2 respectively). The resistance at high frequencies (serial resistance), usually depending on the electrolyte resistance, re mains identical for both since the electrolyte coatings were deposited during a same run. The characteristics attributed for medium or low fre quencies underline the different electrochemical phenomena occur rence on these samples. Using the Schouler method [START_REF] Schouler | Electrocatalysis and inductive effects at the gas, Pt/stabilized zirconia interface[END_REF], resistance and CPE are each assigned to the resistance and capacitance that can be correlated to a specific electrochemical process. On the basis of the fitted data, the equivalent capacitance and the frequency relaxation of each contribution were calculated using relations (Eqs. ( 4) and ( 5)). 
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Table 3 presents the parameters of the different phenomena for each sample. High, Medium and Low frequency phenomenon are named by 1 (R 1 , Ceq 1 , f 1 ) and 2 (R 2 , Ceq 2 , f 2 ) and 3 (R 3 , Ceq 3 , f 3 ) respectively. Polarization Resistance (R p ) is calculated by the sum of R 2 and R 3 . ASR represents the complete cell resistance. Complete cell resistance ASR are much higher than requirements for IT SOFCs (i.e. 0.8 Ω•cm 2 ). These high values explain the poor performances obtained with these cells at 973 K. Numerous limitations should be induced by the use of several layers. The compatibility of these materials and structures has to be optimized in order to improve the performances by decreasing re sistances. The low frequency range (LF) is characterized by high capac itance values, Ceq ≈ 1 10 F•cm -2 [START_REF] Philippeau | Comparative study of electrochemical properties of mixed conducting Ln 2 NiO 4+δ (Ln = La, Pr and Nd) and La 0.6 Sr 0.4 Fe 0.8 Co 0.2 O 3 δ as SOFC cathodes associated to Ce 0.9 Gd 0.1 O 2 δ , La 0.8 Sr 0.2 Ga 0.8 Mg 0.2 O 3 δ and La 9 Sr 1 Si 6 O 26.5 electrolytes[END_REF][START_REF] Mogni | Oxygen reduction reaction on ruddlesden-popper phases studied by impedance spectroscopy[END_REF], and it was identified as the result of gaseous diffusion through the electrode. The capacitance of the medium frequency contribution (MF) is found to be larger, Ceq ≈ 10 -3 10 -1 F•cm -2 . The source of this contribution is more com plicated to identify; it has been assigned as Oxygen Reduction Reaction (ORR) occurring at the electrode/gas interface in literature [START_REF] Philippeau | Comparative study of electrochemical properties of mixed conducting Ln 2 NiO 4+δ (Ln = La, Pr and Nd) and La 0.6 Sr 0.4 Fe 0.8 Co 0.2 O 3 δ as SOFC cathodes associated to Ce 0.9 Gd 0.1 O 2 δ , La 0.8 Sr 0.2 Ga 0.8 Mg 0.2 O 3 δ and La 9 Sr 1 Si 6 O 26.5 electrolytes[END_REF][START_REF] Hansen | A-site deficient (La 0.6 Sr 0.4 ) 1 s Fe 0[END_REF] or ionic transfers at the electrode/electrolyte interface [START_REF] Dailly | Perovskite and A 2 MO 4 -type oxides as new cathode materials for protonic solid oxide fuel cells[END_REF].

Because cathode material is the only variable parameter, polariza tion resistance should be due to the cathode layer. Equivalent capaci tances and relaxation frequencies are close (10 -3 F•cm -2 , 10 4 Hz and 0.1 F•cm -2 , 1 Hz for the MF and LF phenomena respectively). These values indicate that same electrochemical processes happen. Resistance values of the MF and LF phenomena are significantly improved by this new cathode architecture (20% and 30% gain for MF and LF phenomena respectively). The most important gain happens at LF, corresponding to gaseous diffusion through cathode layer. This indicates the realization of coating with higher porosity. From these two contributions at MF and LF, an electrode polarization resistance of 3.75 and 2.78 Ω/cm 2 was determined for "d LNO" and "p LNO" respectively. Nevertheless, the specifications of fuel cell electrodes have to be lower than 0.5 Ω/cm 2 . The high resistances obtained on samples are too high because of not optimized morphology even if making a porosity gradient thin cathode seems to be a promising option. Analyses of structures and microstruc tures of cathode and electrolyte/cathode interface were then performed to point differences between samples and to explain results. Fig. 12 shows SEM observations of surface (a) and the brittle cross section (b, c, d) of the complete cell after electrical tests. Surface condition of every sample is not completely smooth because of the anode substrate morphology and the high pressure during the last step of the cathode deposition. Interface between the GDC interlayer and the cathode layer is improved in the "p LNO" sample (Fig. 12c) in comparison with the "d LNO" cathode (Fig. 12d). This can explain the best resistance at medium frequencies (20%) noticed with EIS characterization. It is then obvious that the p LNO coating is less tight than the d LNO coating. It fa cilitates the oxygen permeation through the cathode layer and should explain the lower resistance (30%) at low frequencies. No differences can be pointed between d LNO and p LNO samples at low magnification in spite of predicted microstructures. Indeed, "island shape" areas are in minority on the surface. Most of the surface is not modified. This fact should explain the poor performances obtain because active surface is smaller than wished. A combination of lower temperatures with pres sure could explain the different microstructures. Higher magnification permits to underline differences between the two cathodes (Fig. 12c andd). Interface between the GDC layer and the cathode layer is improved in the "p LNO" sample. 

Conclusion

A porosity gradient La Ni O coating was deposited by co sputtering of La and Ni metallic targets in the presence of reactive argon oxygen gas mixtures using Plasma Emission Monitoring by gradually increasing the pressure during the deposition stage. Increasing the pressure in duces the decrease of the unstable domain width and change the opti mal sputtering conditions to obtain La 2 NiO 4 structure (regulation setpoint and current on nickel target). Moreover, higher total pressure change the phase occurrence and allows the presence of both La 2 O 3 and La 3 Ni 2 O 7 and La 2 NiO 4 phases, resulted by a possible increase of re sistance. Increasing the pressure also leads to an increase of the porosity of the coatings until obtaining "island shape" of crystallized coatings. Four point probe measurements show the interesting electrical behav ior in IT SOFCs utilization domain of porosity gradient cathode coatings. Ni YSZ/YSZ/GDC/LNO complete cells were then built using dense LNO and gradient cathode LNO and were tested in a cell bench. In order to avoid the deterioration of the cell's component, the crystallization of the cathode and the reduction of the anode were performed during the complete cell tests, allowing to obtain the convenient La 2 NiO 4 struc ture. Nevertheless, the performances are lower than expected with those materials. Impedance measurements allow to point the reasons of these low performances (71 mW/cm 2 ), each layer of the cell presents high resistance but the most important remains the cathode where po larization resistance is three times higher than that of the electrolyte. Nevertheless, it is also shown that the use of a porosity gradient cathode is the convenient way to improve the cell performance. The low perfor mances are certainly induced by the cathode thickness, in future work, it should be developed cathode architected with thickness greater than 2.5 μm.
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 1 Fig. 1. Scheme of the deposition setup.

Fig. 3

 3 presents the evolution of the 394.91 nm emission line intensity vs. oxygen flow rate at total pressures varying from 0.4 to 4.8 Pa. Work ing pressures of 0.4 and 1.9 Pa are obtained by increasing the argon flow rate from 50 to 200 sccm with the highest pumping speed. Working pressures of 3.2 and 4.8 Pa are obtained by throttling the suction pipe and also by increasing the argon flow rate from 50 to 200 sccm. Stable sputtering conditions, represented by full symbols, are obtained by fix ing different oxygen flow rates while unstable sputtering conditions, pointed by open symbols, are collected by using the PEM system to maintain the optical intensity at different values. With pure argon, the optical intensity is maximal and fixed at 100%. When increasing oxygen flow rate, optical emission slightly decreases due to the target poison ing.

Fig. 2 .

 2 Fig. 2. Stability of the La-O and Ni-O systems at a pressure of 1.9 Pa.

Fig. 3 .

 3 Fig. 3. Influence of the pressure on the instability of sputtering conditions. Hysteresis loop oxygen flow rate vs. 395 nm La emission line intensity. Stable sputtering conditions (full symbols) and unstable sputtering conditions by PEM (open symbols).

Fig. 4 .

 4 Fig. 4. Evolution of atomic composition ratio La/Ni measured by EDS as a function of current dissipated on the Ni target (I La = 2.5 A) at different total pressures.

Fig. 5 .

 5 Fig. 5. XRD spectra as a function of total pressure after annealing at 1173 K for 2 h.

Fig. 6 .Fig. 7 .

 67 Fig. 6. SEM micrographs of LNO coatings deposited on YSZ substrates after annealing at 1173 K for 2 h. Brittle fracture cross section of samples deposited at 0.4 Pa (a), and at 4.8 Pa (b). Top view (c) and brittle cross section (d) of the porosity gradient coatings.

Fig. 8 .

 8 Fig. 8. XRD measurements of p-LNO and d-LNO complete cells as-deposited and after tests.

Fig. 9 .

 9 Fig. 9. Evolution of p-LNO and d-LNO complete cells' Open circuit Voltage (OCV) during reduction of anode layer at 973 K.

Fig. 10 .

 10 Fig. 10. Voltametry tests of p-LNO and d-LNO complete cells at different temperatures.

Fig. 11 .

 11 Fig. 11. Nyquist plots of p-LNO and d-LNO complete cells. Models are represented by lines. Experimental results are represented by symbols. Logarithm of frequency are indicated in the figure.

  with R: electrical resistance, n: decentering angle of the Constant Phase Element function, C: capacitance of the phenomenon.

Fig. 12 .

 12 Fig. 12. SEM view of surface (a) and brittle fracture cross section complete cells with p-LNO (b, c) and d-LNO (d) cathode after electrical tests with different magnifications.

Table 1

 1 Evolution of the hysteresis domain with the total pressure.

	Total pressure (Pa)	Oxygen flow rate to ESM → RSM (sccm)	Oxygen flow rate to RSM → ESM (sccm)	Width hysteresis (sccm)
	0.4	6.4	2.5	3.9
	1.9	4.7	1.8	2.9
	3.2	4.1	1.3	2.8
	4.8	3.8	1.2	2.6

Table 3

 3 Parameters determined by electrochemical impedance spectroscopy.

	Domain	Phenomena	p-LNO	d-LNO
	HF	R 1 (Ω•cm 2 )	1.01	1.08
		R 2 (Ω•cm 2 )	0.63	0.79
	MF	Ceq 2 (F•cm 2 )	8.1 10 4	6.9 10 4
		f 2 (Hz)	2.3 10 4	3.2 10 4
		R 3 (Ω•cm 2 )	2.12	2.99
	LF	Ceq 3 (F•cm 2 )	4.0 10 1	3.0 10 1
		f 3 (Hz)	1.2 10 0	8.8 10 1
	MF + LF	R p (Ω•cm 2 )	2.75	3.78
	HF + MF + LF	ASR (Ω•cm 2 )	3.76	4.86
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