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Introduction

The semiconductor 4H-SiC is nowadays reaching maturity in both material growth and device performance aspects. Although, current 4H-SiC electronic devices are applied to work at higher temperature than Si-or GaAs-based counterparts, which are limited to temperatures < ~300°C. But several niche applications require device operation at even higher temperatures (> 300°C), such as space (e.g. Venus exploration) or engine monitoring (HT sensors). In fact, the semiconductor 4H-SiC received a high attention by the modern techniques of material growth in high power electronic components because of its special characteristics and abilities in high temperature applications: namely, a good performance at high temperatures; intense powers and high frequencies [START_REF] Abi | Nouveaux contacts électriques sur SiC-4H de type p à base de carbure Ti3SiC2[END_REF][START_REF] Casady | Status of silicon carbide (SiC) as a wide-bandgap semiconductor for high-temperature applications: A Review[END_REF]. 4H-SiC combines exceptional electronic and physical properties [START_REF] Kimoto | Fundamentals of Silicon Carbide Technology: Growth, Characterization, Devices and Applications[END_REF], such as, a wide bandgap (about 3 times that of Si) [START_REF] Fashandi | Single-step synthesis process of Ti3SiC2 ohmic contacts on 4H-SiC by sputter-deposition of Ti[END_REF], high electron saturation velocity and a low intrinsic carrier concentration at high temperatures, comparing to Si, which improves its ability of voltage blocking [START_REF] Raynaud | Comparison of high voltage and high temperature performances of wide bandgap semiconductors for vertical power devices[END_REF]. Furthermore, 4H-SiC is characterized by its hardness, its low density and its high thermal conductivity [START_REF] Strecker | Influence of microstructural variation on fracture toughness of LPS-SiC ceramics[END_REF][START_REF] Davis | Silicon Carbide[END_REF]. All these properties and much more give 4H-SiC exceptional qualities in high power and high temperature applications. Among the various reasons for device failure at high temperature is the reliability of the electrical contacts with 4H-SiC [START_REF] Porter | A critical review of ohmic and rectifying contacts for silicon carbide[END_REF][START_REF] Wenzel | Proceedings of the high temperature Electronic Materials, Devices and sensors conference[END_REF][START_REF] Liu | Proceedings of the 3rd International High Temperature Electronics Conference[END_REF][START_REF] Papanicolaou | Proceedings of the 4th International High Temperature Electronics conference[END_REF]. Degradation of the contacts usually comes from enhanced chemical reactivity at high temperature. Thus, changes occur in the chemistry of the phases in direct contact with SiC. Ideally, the materials forming the high temperature electric contacts should be in thermodynamic equilibrium with SiC on a wide temperature range to avoid any chemical evolution. On the other hand, the number of metals or materials that can form an ohmic contact on p-type 4H-SiC, is limited, since it is difficult to find metals with an appropriate work function capable of forming an ohmic contact on p-type 4H-SiC which has a high Schottky barrier height (∼7 eV) [START_REF] Roccaforte | Critical issues for interfaces to p-type SiC and GaN in power devices[END_REF][START_REF] Vivona | Al/W Ohmic contacts to p-type implanted 4H-SiC[END_REF]. To obtain such contact on p-type 4H-SiC, aluminum-based alloys are generally used [START_REF] Luo | Searching for device processing compatible ohmic contacts to implanted p-type 4H-SiC[END_REF]. Many different alloys have been investigated [START_REF] Huang | A critical review of theory and progress in Ohmic contacts to p-type SiC[END_REF], such as Al-Ti [START_REF] Roccaforte | Critical issues for interfaces to p-type SiC and GaN in power devices[END_REF], Ti/Al/W [START_REF] Vivona | Al/W Ohmic contacts to p-type implanted 4H-SiC[END_REF], Ni/Ti/Al [START_REF] Yu | Thermal stability of Ni/Ti/Al ohmic contacts to p-type 4H-SiC[END_REF], Ti/Al/Si [START_REF] Tamaso | Ti/Al/Si Ohmic Contacts for Both n-Type and p-Type 4H-SiC[END_REF]. Thierry-Jebali et al. have reported the formation of Ni/Ti/Al contacts on highly p-type 4H-SiC with low Specific Contact Resistance (SCR = 2.8×10 -6 Ω•cm 2 ), but this result was not reproducible [START_REF] Thierry-Jebali | Very low specific contact resistance measurements made on a highly p-type doped 4H-SiC layer selectively grown by vapor-liquid-solid transport[END_REF]. Another study reported the formation of contacts on highly p-type 4H-SiC after annealing at 800ºC (relatively low temperature) for 30 min, but such long annealing time can be detrimental for MOSFET fabrication process [START_REF] Tsukimoto | Simultaneous Formation of p-and n-Type Ohmic Contacts to 4H-SiC Using the Ternary Ni/Ti/Al System[END_REF]. On the other hand, a great attention is given to Al-Ti alloy which has shown stable low SCRs on the order of 10 -3 -10 -5 Ω•cm 2 on p-type SiC [START_REF] Mohammad | Comparison of Pt-Based Ohmic Contacts with Ti-Al Ohmic Contacts for p-Type SiC[END_REF][START_REF] Roccaforte | Ti/Al-based contacts to p-type SiC and GaN for power device applications[END_REF]. The formation of the Mn+1AXn phase Ti3SiC2, after annealing of Al-Ti alloy at high temperature, is the reason behind the stability of the ohmic contact on p-type 4H-SiC [START_REF] Roccaforte | Critical issues for interfaces to p-type SiC and GaN in power devices[END_REF][START_REF] Tsukimoto | Growth and Microstructure of Epitaxial Ti3SiC2 Contact Layers on SiC[END_REF][START_REF] Buchholt | Ohmic contact properties of magnetron sputtered Ti3SiC2 on n-and ptype 4H-silicon carbide[END_REF]. The ternary group Mn+1AXn phases (n = 1, 2 or 3) holds its name from its chemical composition, where M is an early transition metal, A is an A-group element (mostly IIIA and IVA) and X is either C and/or N [24][25][26][START_REF] Pietzka | Summary of constitutional data on the Aluminum-Carbon-Titanium system[END_REF][START_REF] Procopio | Synthesis of Ti4AlN3 and Phase Equilibria in the Ti-Al-N System[END_REF]. This group of materials combines both metallic and ceramic characteristics: namely, good electrical and thermal conductivity (Metallic properties); good resistance to oxidation and corrosion (Ceramic properties) [START_REF] Eklund | The Mn+1AXn phases: Materials science and thin-film processing[END_REF][START_REF] Hu | Pulsed Laser Deposition and Properties of Mn+1AXn Phase Formulated Ti3SiC2 Thin Films[END_REF]. Among the MAX phases, Ti3SiC2 is a promising material for such high temperature contacts since it is a thermally stable compound which does not react with 4H-SiC at temperatures up to 1200°C and has a Coefficient of Thermal Expansion (CTE) close to that of 4H-SiC [START_REF] Ho-Duc | Synthesis and characterization of the properties of Ti3SiC2/SiC and Ti3SiC2/TiC composites[END_REF]. Furthermore, it was shown that this material can lead to low contact resistivity on p-type 4H-SiC [START_REF] Tsukimoto | Growth and Microstructure of Epitaxial Ti3SiC2 Contact Layers on SiC[END_REF][START_REF] Abi-Tannous | A Study on the Temperature of Ohmic Contact to p-Type SiC Based on Ti3SiC2 Phase[END_REF][START_REF] Drevin-Bazin | Epitaxial growth of Ti3SiC2 thin films with basal planes parallel or orthogonal to the surface on α-SiC[END_REF], which is known to be more difficult than for n-type case. The lowest contact resistivity is obtained when forming Ti3SiC2 epitaxial to 4H-SiC (0001) by annealing Al-Ti based alloys [START_REF] Tsukimoto | Growth and Microstructure of Epitaxial Ti3SiC2 Contact Layers on SiC[END_REF][START_REF] Abi-Tannous | A Study on the Temperature of Ohmic Contact to p-Type SiC Based on Ti3SiC2 Phase[END_REF][START_REF] Drevin-Bazin | Epitaxial growth of Ti3SiC2 thin films with basal planes parallel or orthogonal to the surface on α-SiC[END_REF]. To the best of our knowledge, the high temperature (>300°C) stability and reliability of these contacts have never been investigated. Therefore, an electrical analysis was done using the Transfer Length Method (TLM) to calculate the contact resistivity at high temperatures. In addition, the strain present in the 4H-SiC/Ti3SiC2 interface, is estimated with Williamson-Hall analysis (W-H). Afterwards, X-ray Reciprocal Space Mapping (RSM) is applied on 4H-SiC/Ti3SiC2 samples, in order to study the structural properties of the thin film before and after aging, with a particular attention to the epitaxial interface. This is the aim of the present work for which the targeted test temperature was set as high as 600°C.

Experimental

Sample synthesis

P-type doped epitaxial layers (∼1.3 μm thick, [Al] ~ [1-4] × 10 19 cm -3 ) on 4H-SiC (0001) 4° off substrates were used in this study. The samples were cleaned using acetone and ethanol ultrasonic degreasing, for 5 min each. It was followed by acid treatments: 10 min H2SO4:H2O2 (2:1) then 4 min HF 5% diluted. Finally, the samples were rinsed with deionized water, and blown dry with N2 gun. Electrical insulation of the p type layers was done by forming mesa structures using reactive-ion etching (RIE) in an Alcatel Nextral NE110 reactor during 7 min at 60 mtorr under SF6 (25 sccm) and O2 (7 sccm) and a RF power of 250 W. After RIE, the samples underwent a second chemical cleaning as mentioned above. Then, 200 nm films of Ti100-xAlx (50 at% ≤ x ≤ 80 at%) were deposited at room temperature by magnetron sputtering from three different alloy targets of Ti100-xAlx composition, with an Ar constant pressure of ~5×10 -3 mbar (Figure 1). The film's composition was determined and checked using Energy Dispersive Spectrometry (EDS). 

TLM structure preparation

Transfer Length Method (TLM) structures were then fabricated on the mesa, in order to determine the electrical properties of the metal/p-type 4H-SiC contact. This was performed by standard photolithography followed by wet etching using commercial Al-etch at 60°C. The TLM pattern was composed of seven rectangular electrodes (500 × 100 μm 2 ) with increasing spacings of 3, 6, 10, 20, 40, 80, and 120 μm. For ohmic contact formation, rapid thermal annealing (RTA) of the Ti100-xAlx alloys was performed under argon at atmospheric pressure. The heating rate was 20°C/s and the annealing plateau was set to 1000°C for 10 min as these conditions were found to give the best results in terms of contact resistivity (SCR = 9.8×10 -6 Ω•cm 2 at 600ºC, according to ref [START_REF] Abi-Tannous | A Study on the Temperature of Ohmic Contact to p-Type SiC Based on Ti3SiC2 Phase[END_REF]). After optical microscopy inspection of the annealed TLM patterns, we could confirm that their dimensions and the interpad distances did not change so that no correction was needed during the TLM measurements. Note that the length of the rectangular pads, 500 μm, is large enough compared to the distance between the pads and to the distance between the pads and the edge of the mesa (5 μm), so that the current crowding effect can be considered negligible. The structural properties of the contacts were routinely determined by X-ray diffraction (XRD) on a 'Rigaku Smartlab' diffractometer equipped with a Cu rotating anode working at 9 kW, and the wavelength was set to λ = 1.54056 Å. The electrical characterization was done using a Keithley source measurement unit K2602A, where the samples are mounted directly on a heating chuck of a probe station. They are characterized at different temperature, up to 600°C, and monitored using a K-type thermocouple. The temperature accuracy of the tests was of ±1%. Above 300°C, electrical tests are performed under vacuum to prevent oxidation of the TLM structures. A four-probe setup is used (Kelvin configuration) to eliminate cable and tips resistances, which results in a measurement accuracy value better than 1%. I-V characteristics are plotted as a function of the contact spacing of different temperatures.

Aging conditions

To study the reliability of these contacts, the aging conditions were 600°C under pure argon (not under air, to prevent oxidation of Al at surface) for durations up to 1500 h. These aging tests were carried out in a resistively heated tubular furnace. The evolution of contact nature and resistivity was determined after each aging period intervals (24, 48, 100, 200, 400, 700, 1000 and 1500 h) using the following procedure: 1) the samples were cooled down to room temperature, then 2) they underwent XRD analyses and contact resistivity measurements after which 3) they were put back in the aging furnace and heated again to 600°C for the subsequent aging interval.

Results and discussion

Specific contact resistance

For Ti20Al80-based contact, the evolution of the specific contact resistance (SCR) as a function of aging time is shown in Figure 2 (black points). It was found to decrease from 4.1×10 -4 to 2.1×10 -4 Ω.cm 2 within the first 48 h of aging. For longer aging time, the I-V characteristics were not linear anymore which means that the contact became non-ohmic. When looking to the XRD patterns recorded before and after 100 h of aging, one note that the ohmicity degradation could be correlated to compositional changes of the metallic phases present in the contact (Figure 3). Indeed, after aging the diffraction peaks corresponding to Al and Ti3SiC2 almost disappeared while the intensity of the Al3Ti peaks increased. As a matter of fact, the ohmicity loss can be correlated to the disappearance of the Ti3SiC2 phase. This is not the case for Ti30Al70 and Ti50Al50-based contacts for which the SCR kept constant even after 1500 h of aging at 600°C (Figure 2). When looking to the corresponding XRD patterns of Ti50Al50-based contacts in Figure 4, it is obvious that only the Al peaks disappeared after aging, while the ones of Ti3SiC2 were still present, though of lower intensity. Also, less obvious but detectable is the evolution of Al3Ti peaks: they increased while shifting towards low angles. This is better seen in Figure 5, for which the XRD patterns were recorded after only 24 h of aging. In fact, these few changes in the contacts composition seems to happen during the early aging time (≤ 24 h) while after that no further change is observed. We can therefore conclude that the system reaches a thermodynamic stability in the first aging hours. Many investigations focused on the thermal stability of ohmic contacts on p-type 4H-SiC at high operating temperatures up to 600ºC. A reported Ni/Ti/Al ohmic contacts on p-type 4H-SiC showed significant changes in the contact resistivities and an electrical degradation after aging at 600ºC for 100h [START_REF] Yu | Thermal stability of Ni/Ti/Al ohmic contacts to p-type 4H-SiC[END_REF]. Vivona et al. have reported the thermal stability of Ti/Al/W contacts to p-type implanted 4H-SiC at 400ºC, and the results showed some changes in the contact resistivity after 100h of aging [START_REF] Vivona | Al/W Ohmic contacts to p-type implanted 4H-SiC[END_REF]. Furthermore, recent studies presented the thermal stability of Ti/Pt, Ni/Ti/Ni/TaSi2/Pt and Ni/W/TaSi2/Pt contacts to p-type implanted 4H-SiC at 500ºC for 300h [START_REF] Zhang | Thermal stability study of ntype and p-type ohmic contacts simultaneously formed on 4H-SiC[END_REF][START_REF] Li | Extremely Thermal Stable Ni/W/TaSi2/Pt Simultaneous Ohmic Contacts to n-Type and p-Type 4H-SiC[END_REF]. The SCR of Ti/Pt increased dramatically to 2 Ω•cm 2 after 200h of aging at 500ºC [START_REF] Zhang | Thermal stability study of ntype and p-type ohmic contacts simultaneously formed on 4H-SiC[END_REF]. In addition, the SCR value of Ni/Ti/Ni/TaSi2/Pt contact on p-type 4H-SiC increased in the initial 50h of aging at 500ºC [START_REF] Zhang | Thermal stability study of ntype and p-type ohmic contacts simultaneously formed on 4H-SiC[END_REF]. Moreover, the reported Ni/W/TaSi2/Pt ohmic contact on p-type 4H-SiC showed some changes in the SCR on the order of 10 -3 Ω•cm 2 after 300h of aging at 500ºC [START_REF] Li | Extremely Thermal Stable Ni/W/TaSi2/Pt Simultaneous Ohmic Contacts to n-Type and p-Type 4H-SiC[END_REF]. On the other hand, the results presented in Figure 2, of this study, showed an extreme electrical stability for Ti30Al70 and Ti50Al50-based contacts where the SCR kept constant at 600°C even after 1500h, which is relatively a long time of aging. The obtained results demonstrated the reliability and the thermal and electrical stability of Ti30Al70 and Ti50Al50-based contacts on p-type 4H-SiC, which is promising for high temperature applications.

Chemical analysis

As a matter of fact, for all the samples of this study, the observed phases evolution after aging is rather similar:

-Pure Al phase disappears -Ti3SiC2 phase amount decreases -Al3Ti phase amount increases Based on these results, we can propose that the following reaction takes place during the aging at 600℃:

Ti3SiC2 + 9Al → 3Al3Ti + SiC + C (1)
This reaction is obviously not complete in the case of Ti30Al70 and Ti50Al50-based contacts since Ti3SiC2 phase is still detected in these samples, even after 1500 h of aging. This is probably due to the exhaustion of elemental Al which stops the reaction. But, such reaction does not explain the low-angle shift of Al3Ti peak after aging. The literature mentions that Al3Ti can contain up to 15% at. of Si in its lattice, forming a (Al-Si)3Ti solid solution [36] and shifting its XRD peaks to low angles. Assuming the formation of such solid solution, we can rewrite equation (1) as follows:

Ti3SiC2 + 9(1-x)Al → 3(Al1-xSix)3Ti+ (1-9x)SiC + (1+9x)C (2) 
It is interesting to compare these reactions to the one proposed in [START_REF] Abi-Tannous | Parametric investigation of the formation of epitaxial Ti3SiC2 on 4H-SiC from Al-Ti annealing[END_REF] for the formation of Ti3SiC2 during the 1000°C rapid thermal annealing:

20Al + 9Ti + 2SiC → Ti3SiC2 + 6Al3Ti + 2Al + Si (3)
Obviously, reaction (3) cannot be considered as the reverse of reactions ( 1) or [START_REF] Casady | Status of silicon carbide (SiC) as a wide-bandgap semiconductor for high-temperature applications: A Review[END_REF]. According to ref [START_REF] Ideguchi | Nucleation and growth of Ti3SiC2 on SiC by interfacial reaction[END_REF], annealing an Al-rich Al-Ti alloy on SiC at 700°C leads to the only formation of Al3Ti phase, almost without Ti3SiC2. As a matter of fact, Al3Ti seems to be the equilibrium phase with SiC at low temperature (≤ ~700°C), while this equilibrium shifts toward Ti3SiC2 formation at higher temperatures. Assuming this, we can now explain the chemical evolution of the contacts after aging at 600°C: such lower temperature treatment provokes the displacement toward Al3Ti phase of the equilibrium with SiC, at the expanse of Ti3SiC2 phase. Due to some probable loss of Al (by evaporation) during the various annealings, reaction (2) is not complete so that the system does not shift completely to the equilibrium with Al3Ti and then both Ti3SiC2 and Al3Ti phases coexist. The important consequence of such incomplete reaction is that the contact is in thermodynamic equilibrium with SiC as long as no Al is added to the system. It means that, as long as only chemical reactivity is governing the contacts ohmicity, this contact can virtually remain perfectly stable at 600°C, no matter the aging time.

Finally, note that both reactions (1) and ( 2) should lead to the formation of SiC and C. Unfortunately, we could not confirm this point since the XRD spectra did not display evidence of these phases. Further analyses are programmed to evidence the possible presence of elemental carbon, such as Raman spectroscopy or cross-section elemental analyses. But in all cases, these extra phases do not seem to be detrimental to the contact stability and thus no visible impact on the overall thermodynamic equilibrium is detected.

Strain and Stress

In the following, we used the Williamson-Hall (W-H) method to investigate the origin of the X-ray diffraction peaks broadening. It is obvious from equation ( 5) that the corrected peak broadening βhkl (in radians) varies as 1/cosθ from crystallite size (L) and as tanθ from strain (ε).

The W-H method consists on separating the size and strain broadening by presenting the peak width as a function of the diffracting angle 2θ, giving the following equation:

βhkl = βL + βs (4) βhkl 
= 𝑘𝜆 𝐿 𝑐𝑜𝑠θ + (4ε tanθ) (5) 
By rearranging Eq. ( 5):

βhkl cosθ = 𝑘𝜆 𝐿 + 4ε sinθ (6) 
Two graphs were plotted for Ti50Al50-based contacts before and after aging up to 1500h at 600ºC, with '4sinθ' defining the x-axis and 'βhkl cosθ' defining the y-axis. The plots are illustrated using the preferred orientation peaks of Ti3SiC2. Afterwards, a linear fit is applied on the plots, and the strain is determined from the slope of the fit. Figure 6 shows the W-H plots for Ti3SiC2-based contacts before and after aging up to 1500h at 600ºC. It is remarkable that the strain in the Ti3SiC2 thin film before aging is larger than after aging, meaning that aging has an effect on the strain located in the contact. In addition, the stress exerted on the contact can be determined by using the generalized Hooke's law σ = E•ε, where the linear proportionality between stress(σ) and strain(ε) is considered, with Young's modulus (E = 326GPa for Ti3SiC2 [START_REF] Barsoum | Synthesis and Characterization of a Remarkable Ceramic: Ti3SiC2[END_REF]) being the constant of proportionality. As result, the stress exerted on Ti3SiC2-based contact has reduced from 145MPa to 11MPa which means that the stress in the contact has almost totally relaxed after being subjected to a temperature of 600ºC up to 1500h, and no serious deformation or damage have occurred in the physical structure of the contact. 

Reciprocal space mapping

Figure 7 illustrates the RSM patterns around 4H-SiC (1 0 7) and Ti3SiC2 (1 0 12), which were used to determine the d-spacing for each phase. Because of the hexagonal structure of 4H-SiC and Ti3SiC2, the lattice parameter 'a' was calculated by the following equation [START_REF] Suryanarayana | Crystal Structure Determination. II: Hexagonal Structures[END_REF]:

1 𝑑 2 = 4 3 ( ℎ 2 +ℎ𝑘+𝑘 2 𝑎 2 ) + 𝑙 2 𝑐 2 (7) 
The obtained results are presented in Table 1. Table 1 shows that the calculated lattice parameter a = 3.079Å of 4H-SiC is equal to the theoretical value, which is 3.079Å and didn't change before and after aging. Besides, it is remarkable that for Ti3SiC2, before aging the parameter 'a' is equal to that of 4H-SiC which means it is larger than the theoretical value a = 3.068Å. Therefore, due to the difference between the theoretical and the calculated value of the lattice parameter of Ti3SiC2, stress was introduced into the contact. On the other hand, after aging the lattice parameter 'a' of Ti3SiC2 reduced (a = 3.069 Å) and reached a closer value to the theoretical one (a = 3.068 Å), leading to a stress relaxation in the Ti3SiC2-based contact. In brief, the synthesized layer of Ti3SiC2 adopted a lattice parameter equal to that of the 4H-SiC substrate, which caused some strain in the Ti3SiC2 layer. However, the aging at 600°C for 1500h permitted the Ti3SiC2 layer to reach a lattice parameter closer to the normal one of the Ti3SiC2 phase. The obtained results showed that the strain and the stress exerted on Ti3SiC2based contact reduced after aging, this means there is no serious structural deformation occurring to the Ti3SiC2 layer, consequently 4H-SiC/Ti3SiC2 interface is intact. The good mechanical behavior and the physical constancy of the contact could be one of the reasons that improve the reliability of the contact, and leading to a low and stable electrical resistivity even at high temperatures.

Conclusion

In this paper, an electrical study was done using Transfer Length Method (TLM) to calculate the specific contact resistance of Ti3SiC2-based contact formed on a 4H-SiC p-type substrate. The TLM was applied on the samples before and after aging for 1500h at 600ºC. In addition, strain, stress and lattice parameters located in Ti3SiC2 thin films were determined in order to examine the effects of high temperature on the physical structure of the electrical contact and 4H-SiC/Ti3SiC2 interface. In conclusion, Al-Ti based metallization on p-type 4H-SiC allows elaborating low resistivity and reliable contacts for operating temperatures as high as 600°C. This can be achieved for an initial Al content in the 50 -70 at% range which produces the suitable 4H-SiC/Ti3SiC2 interface which is not converted back to Al3Ti upon aging at 600°C for up to 1500h. Besides, mechanical stress, exerted on the electrical contact, decreased after aging, which is leading to a relaxation in the contact and preventing a serious structural deformation. The physical stability helps the contact to keep a steady resistivity, as well as the chemical balance. Such interface is thermodynamically stable and can thus virtually remain perfectly stable and reliable at temperatures up to 600°C.
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 1 Figure 1: Schematic showing the sample synthesis of Al-Ti-based contact on p-type 4H-SiC, and TLM structure preparation.
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 2 Figure 2: Variation of the SCR as a function of aging time for Ti20Al80, Ti30Al70 and Ti50Al50-based contacts.
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 3 Figure 3: XRD patterns before and after aging of Ti20Al80-based contact.
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 4 Figure 4: XRD patterns before and after different aging times of Ti50Al50-based contacts.

Figure 5 :

 5 Figure 5: Zoom on the XRD pattern recorded for Ti50Al50-based contact, before and after 24 hours of aging at 600°C. Note after aging the decrease of the Ti3SiC2 peak intensity and the increase and shift, to lower angles, of the Al3Ti peak.
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 6 Figure 6: W-H analysis of Ti50Al50-based contacts, a) Before aging, b) After aging up to 1500h at 600ºC.

Figure 7 :

 7 Figure 7: Reciprocal space maps around SiC (1 0 7) and Ti3SiC2 (1 0 12), a) Before aging, b) After aging.
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 1 Lattice parameters.