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In this study, a crystal growth route is described in order to obtain semiconducting oxides microwires with various morphologies. Ceramic rods of ZnO, SnO2, Zn2SnO4 and In2O3 are sintered at 900°C during 10 h in air. Then the rod is subjected to crystal growth in an optical furnace. At high temperature, a vaporization-condensation mechanism takes place when heated and leads to the growth of microwires on the rod itself. In 20 minutes, the microwires can reach a size longer than 100 micrometers in the growth direction. The shape of the microwires depends on the material space group. A hexagonal shape is obtained in the case of ZnO, whereas a cubic-like shape appears in the case of In2O3. Moreover, it is shown that doping is possible with this process and does not proceed in sublimation-condensation but in a diffusion process. Capacitance variation measurements carried out on the Ni doped ZnO microwires using scanning capacitance microscopy evidenced a decrease of carrier concentrations along the microwire. This carrier profile is consistent with that induced by diffusion process in solid phase. The shape and the size of the microwires depend on the doping element. Doped ZnO, In2O3 and SnO2 single microwires, with well faceted and specific shape, have been thus achieved by this technique.

Introduction

Semiconducting oxides have focused much attention for electronic and optoelectronic applications [START_REF] Wang | ZnO nanowire and nanobelt platform for nanotechnology[END_REF][START_REF] Djurisic | ZnO nanostructures for optoelectronics: Material properties and device applications[END_REF][START_REF] Comini | Metal oxide nano-crystals for gas sensing[END_REF][START_REF] Das | SnO2: A comprehensive review on structures and gas sensors[END_REF]. Among them, ZnO and SnO2 are widely studied, exhibiting very various particle morphologies and shapes: tetrapods, sandroses, platelets, nanorods, nanowires, etc. [START_REF] Wang | ZnO nanowire and nanobelt platform for nanotechnology[END_REF][START_REF] Djurisic | ZnO nanostructures for optoelectronics: Material properties and device applications[END_REF][START_REF] Comini | Metal oxide nano-crystals for gas sensing[END_REF][START_REF] Das | SnO2: A comprehensive review on structures and gas sensors[END_REF][START_REF] Klingshirn | Material, Physics and Applications[END_REF][START_REF] Giovannelli | Synthesis of Al doped ZnO nanoparticles by aqueous coprecipitation[END_REF][START_REF] Cheng | Large-Scale, Solution-Phase Growth of Single-Crystalline SnO2 Nanorods[END_REF][START_REF] Zeng | Synthesis of multifarious hierarchical flower-like SnO2 and their gas-sensing properties[END_REF][START_REF] Dujardin | A high yield one-pot aqueous synthesis of crystalline SnO2 nanoparticles[END_REF]. Such diversity leads to many possibilities to tune the materials properties. For example, ZnO nanowires arrays enhance the piezoelectric responses [START_REF] Wang | Piezoelectric Nanogenerators Based on Zinc Oxide Nanowire Arrays[END_REF][START_REF] Briscoe | Piezoelectric nanogenerators -a review of nanostructured piezoelectric energy harvesters[END_REF][START_REF] Dahiya | Organic/Inorganic Hybrid Stretchable Piezoelectric Nanogenerators for Self-Powered Wearable Electronics[END_REF], large specific area improves the sensitivity of sensors [START_REF] Zhu | Room-temperature gas sensing of ZnO-based gas sensor: A review[END_REF][START_REF] Xu | Implementation of guiding layers of surface acoustic wave devices: A review[END_REF][START_REF] Yamazoe | New approaches for improving semiconductor gas sensors[END_REF][START_REF] Göpel | 2 sensors: current status and future prospects[END_REF] and nanostructuring decreases drastically the thermal conductivity of ceramics [START_REF] Giovannelli | Thermal Conductivity and Stability of Al-doped ZnO nanostructured ceramics[END_REF][START_REF] Delorme | Nanostructuring of dense SnO2 ceramics by Spark Plasma Sintering[END_REF]. As so many different nanostructures are possible, simulation played an important role in order to guide the physical properties optimization. For this kind of simulation, reference data are necessary, and usually different measurements on single crystals are needed. The single crystal growth from the melt is difficult to use for certain semiconducting oxides due to their high melting point and their sublimation at lower temperature [START_REF] Anthrop | Sublimation and Thermodynamic Properties of Zinc Oxide[END_REF][START_REF] Klimm | The growth of ZnO crystals from the melt[END_REF]. However, the high volatility allows synthesizing single crystals by the vapor growth method [START_REF] Shiloh | Growth of ZnO single crystals by chemical vapour transport[END_REF][START_REF] Matsumoto | Crystal growth of ZnO by vapor transport in a closed tube using Zn and ZnCl2 as transport agents[END_REF][START_REF] Ntep | ZnO growth by chemical vapour transport[END_REF][START_REF] Santailler | Chemically assisted vapour transport for bulk ZnO crystal growth[END_REF][START_REF] Thiel | Growth of SnO2 single crystal by a vapour phase reaction method[END_REF][START_REF] Galazka | Growth, characterization, and properties of bulk SnO2 single crystal[END_REF]. Centimeter size ZnO and SnO2 single crystals were synthesized with a growth rate of 400 µm/h [START_REF] Santailler | Chemically assisted vapour transport for bulk ZnO crystal growth[END_REF][START_REF] Thiel | Growth of SnO2 single crystal by a vapour phase reaction method[END_REF]. The process consists in heating the powder in a crucible up to the sublimation temperature. Then the vapor condenses on a seed facing to the crucible. The temperature control, the thermal gradient and the distance between the crucible and the seed are the key parameters to avoid multi nucleation and the single crystal growth needs long period of time and a precise control of all these parameters. The sublimation of semiconducting oxides is also used to synthesize nanostructures by the evaporation-physical transport-condensation (EPTC) method. Pan et al. have shown different nanostructures of simple oxides (ZnO, SnO2, In2O3…) [START_REF] Pan | Nanobelts of semiconducting oxides[END_REF]. More complex compound as Zn2SnO4, have been also achieved [START_REF] Wang | Synthesis, structure, and photoluminescence of Zn2SnO4 single crystal nanobelts and nanorings[END_REF]. For the growth by EPTC, the source material is heated, and the substrate is placed downstream at a lower temperature. The gas phase condenses on the substrate and the resulting particle morphology is controlled by the surface energy of the growing surface plane. At thermal equilibrium conditions, the final shape of the crystal is determined by Wulff theorem based on surface free energy minimization. However, the growth of such nanostructures is achieved in non equilibrium conditions which means that the final nanostructure morphology can largely deviate from Wulff theorem predictions. Indeed, Yeh et al. have shown that the size and morphology of nanostructures depend also of the thermal gradient and the distance between the sublimation source and the crystallization site [START_REF] Ye | Zinc Oxide Nanostructures: Morphology Derivation and Evolution[END_REF]. With this process, nano or micro crystals can be achieved. However, the size of individual crystal does not exceed 10 micrometers long. This size is usually too small for individual manipulation and physical characterizations. Recently, we have shown that ZnO microwires, synthesized in an optical furnace, could reach several hundred of micrometers long, ten micrometers in diameter and exhibit high crystallinity [START_REF] Giovannelli | Synthesis of ZnO microwires and tetrapods by optical furnace[END_REF]. These microwires grow easily in 15 minutes on the sintered source rod of ZnO. This size allows easy extraction of single microwires for physical characterizations. Physical properties studies, as magnetism, thermoelectricity, photoluminescence, have been successfully performed on ZnO single-microcrystals [START_REF] Savoyant | EPR characterization of Codoped ZnO microwires and distant spin-pair coupling[END_REF][START_REF] Yang | Thermoelectric nanogenerators based on single Sb-Doped ZnO micro/Nanobelt[END_REF][START_REF] Kolomys | Optical and structural properties of individual Co-doped ZnO microwires[END_REF][START_REF] Savoyant | Electronic and nuclear magnetic anisotropy of cobalt-doped ZnO Single-crystalline Microwires[END_REF]. Our first paper was only focused on pure ZnO [START_REF] Giovannelli | Synthesis of ZnO microwires and tetrapods by optical furnace[END_REF]. However, physicists are interested by doping ZnO in order to induce charge carriers, magnetism… Therefore, mechanisms to synthesize doped ZnO microwires have been studied and capacitance measurement along a microwire have been performed. The different tested doping elements give a coloration to ZnO which allows to easily follow their incorporation in the microwires. Moreover, other semiconducting oxides also exhibit an evaporation process at high temperature. Therefore, the possibility to extend this synthesis technique of microwires to other semiconducting oxides, such as SnO2, Zn2SnO4 and In2O3, has been investigated.

Materials and methods

The ceramic rods were prepared from commercial ZnO (Chempur 3N), SnO2 (Aldrich, 4N), In2O3 (Aldrich, 4N), Co3O4 (Sigma-Aldrich, no specified purity), NiO (Chempur, 4N), Fe2O3 (Sigma-Aldrich, 2N) and Cr2O3 (Chempur, 3N). For doped ZnO, 5 atomic percent of dopant was mixed to ZnO. The doping elements investigated were Co, Ni, Cr and Fe. For Zn2SnO4, ZnO and SnO2 were mixed together in stoichiometric proportion. Then, the powder was placed in a 10 mm diameter rubber tube and isostatically pressed under 300 MPa. The obtained rods were sintered at 900°C during 10 hours in air for all the compounds to strengthen the rods. For this study, the optical furnace (Cyberstar, France) was equipped with two 500W halogen lamps and a quartz tube. During the growth experiment, the ceramic rods were suspended to the upper shaft of the furnace and rotated at 20 rpm, without any translation. The lamp power was then slowly increased until fume appears along the rod. This corresponds to the sublimation of compound in gaseous element(s) and oxygen. Note that no flux gas was present in the tube, allowing to maintain the presence of O2 and gaseous element(s) localized around the sintered rod. After 3 to 10 minutes, depending of the oxide, a solid phase was condensing on the surface of the sintered rod, only near the heated zone area, with a heterogeneous nucleation process. After 20 to 30 minutes, depending of the oxide, the experiment was stopped for all oxides.

The phase purity of microwires was checked by recording X-ray diffraction patterns at room temperature on a Bruker D8 Advance θ/θ Bragg-Brentano diffractometer (CuKα1+2 radiations, Cu-anode operating at 40 kV and 40 mA) equipped with a Lynxeye energy-dispersive onedimensional detector. The diffraction patterns were collected in the [20-70°] scattering angle 2θ range with a 0.02° step during 1s per step. The microwires were placed on amorphous silicon sample holder. Microstructures were examined by scanning electron microscopy (SEM, Tescan MIRA3) and Energy-dispersive X-ray spectroscopy (EDS, Oxford INCA X-act) with prior gold coating of the samples. Scanning capacitance microscopy (SCM) is an innovative tool for the study of diffusion processes in semiconductors and at material junctions [START_REF] Bah | Electrical activity at the AlN/Si Interface: identifying the main origin of propagation losses in GaN-on-Si devices at microwave frequencies[END_REF]. The electrical activity of the doped ZnO:Ni microwire is investigated using SCM technique in order to establish a 2D carrier profile along its length. SCM is performed using a Bruker Dimension Icon AFM setup equipped with a Nanoscope V controller. A conductive Pt-Ir coated antimony doped silicon tip (SCM-PIT-V2) is used to carry out the nanoscale capacitance variation measurements. The metal semiconductor (MS) structure formed by the tip/ZnO:Ni sample is biased with a high frequency (90 kHz) voltage of ~ 3000 mV and a DC offset bias of 0 V through the chuck. A constant force of 70 nN is applied to the tip while it is moved in contact mode at a rate of 0.25 Hz along the length of the microwire. For SCM studies, microwires were released from the seed rod by slowly shaking it. Microwires are then deposited on a substrate and microstructurally analysed using an optical microscope. Finally, the ZnO:Ni microwires are isolated using tweezers and glued on a metal holder using conductive silver paint. Due to its large size (at least 100µm in diameter), the microwire cannot be imaged into one single image. In this context, three different zones located at 50 (base), 690 (middle) and 1472 µm (tip) in the axial direction of the microwire are selected for the 2D carrier profiling. Prior each SCM measurements, a SRAM test sample is used to set the lock-in amplifier and to define the polarity of the SCM data. This allows validating the SCM procedure.

Results

Crystallization of doped ZnO with Co, Ni, Fe, and Cr

For each doped ZnO sample, the fume appears close to 60% of lamp power due to the decomposition of ZnO following the reaction: ZnO(s) Zn(g)+ ½ O2(g) After few tens of minutes, well crystallized microwires are observed on the ceramic rod. Microcrystallizations of cobalt doped ZnO are green due to the presence of Co 2+ ions in the wurtzite structure (figure 1a). A tangle of microwires is observed with SEM on the surface of the ceramic rod (figure 1d). Two kinds of microwires exist: some of them are in contact with the ceramic rod whereas some others are not. The microwires in contact with the surface of the ceramic exhibit a green color gradient which is consistent with a diffusion process: indeed, the basis of microwires is greener than the apex. EDS measurements show that in a microwire of 300 micrometers long, the Co atomic concentration measured decreases from 5 to less than 1 atomic percent. A second kind of microwires which are not in contact with the surface, shows a homogeneous pale green color which corresponds to a cobalt concentration lower than 1 atomic percent. And finally, if the microwires are far from the rod, Co is not detected anymore and the microwires are transparent (figure 1a). The size of the microwires allows extracting some of them easily and without any post treatment or preparation for physical measurements. 1b). The SEM image shows that they reach 1 mm length and a diameter of 100 µm (figure 1e). Moreover, the microwires look like arrows with a hexagonal shape very different from the morphology of undoped or Co doped microwires. The head of microwires is designed by growth steps keeping the hexagonal symmetry which indicates the single crystal growth (figure 1e). This is confirmed by the XRD pattern of Ni doped microwires (figure 2), which shows only (100), ( 110) and (200) corresponding to a growth direction of microwires along (001) axis as in undoped sample [START_REF] Giovannelli | Synthesis of ZnO microwires and tetrapods by optical furnace[END_REF]. The doping clearly influences the morphology and the size of the microwires. EDS measurements have been performed on three different isolated microwires. The evolution of Ni concentration is the same whatever the microwire 5 (figure 3). The concentration of Ni is around 2 atomic % close to the ceramic surface. From 300 micrometers to 1 millimeter from the surface, the Ni content decreases respectively from 2 to 0.3 atomic %. This result is consistent with a diffusion process in solid phase. The size of the microwires allows investigating the electrical activity along a facet of the Nidoped ZnO microwires via SCM measurements. Topography and SCM signal are acquired simultaneously in order to establish a direct correlation between local topography and electrical activity during the measurement. The root mean square (RMS) roughness from topographical AFM images (figure 4a) is (i) 3.7, (ii) 0.5 and (iii) 0.2 nm at the base, middle and tip of the Ni doped ZnO microwire. The roughness of the microwire is very low. Hence, the as-grown microwire is suitable for the SCM scan, which requires a flat and smooth surface. Figure 4b shows the dC/dV amplitude images obtained on the microwire at different locations. Near the base (at 50 µm) of the microwires (i), dC/dV amplitude image is very low with a mean value close to 50 mV (electronic noise of the SCM) indicating that this region is highly conductive. Away from the base, uniform SCM signal with high signal to noise ratio is obtaining. The dC/dV phase (not shown here) is ~ -90° and indicates that the microwire is doped n-type, which is expecting for Ni doping [START_REF] Colder | Preparation of Ni-doped ZnO ceramics for thermoelectric applications[END_REF]. The dC/dV amplitude increases from (ii) 302 mV at the middle (at 690 µm corresponding to a Ni concentration close to 0.8 atomic %) to (iii) 390 mV (at 1472 µm corresponding to a Ni concentration close to 0.3 atomic % ) at the tip highlighting a gradient of carrier concentrations along the microwire. As dC/dV amplitude is inversely proportional to the dopant concentrations, thus higher SCM signal will correspond to lower carrier concentrations, which is consistent with the EDS analysis. This observation is consistent with a profile of dopants induced by diffusion process in solid phase. Fe or Cr doped ZnO samples exhibit the same kind of microwire morphology: few hundred micrometers long and few tens of micrometers large. The Cr doped microwires are totally transparent. In the case of Fe doped microwires a slightly brownish color is observed close to the ceramic surface (figure 1c). This is consistent with EDS measurements which show that the concentration of Fe is around 0.4 atomic % close to the ceramic surface and decreases along the microwires. In the case of Cr doped sample, chromium is not detected in the microwires. These different behaviors can be linked to the diffusion coefficient and to the solubility limit of the dopant in ZnO. The solubility limit of Fe, Co and Ni in ZnO measured at 1000°C is 10, 10 and 2 atomic %, respectively [START_REF] Protasova | Increase of Fe solubility in ZnO induced by grain boundary adsorption[END_REF][START_REF] Straumal | Increase of Co solubility with decreasing grain size in ZnO[END_REF][START_REF] Jacono | An X-Ray and magnetic investigation of solubility of NiO in ZnO[END_REF]. Moreover, Cr doped nanoparticles have been synthesized with concentration higher than 10 % [START_REF] Sartiman | Chromium-doped ZnO nanoparticles synthesized by co-precipitation: chromium effects[END_REF]. These solubility limits explain why the concentration close to the surface of Ni doped samples is close to 2 % compared to 5 %, for Co doping which correspond to nominal composition. Moreover, these results indicate that the diffusion coefficient is probably higher for Ni sample than for Co. Indeed at 300 micrometers of the ceramic surface, the Co concentration is less than 1 % whereas it is still close to 2 % for Ni doping. In the case of iron and chromium the solubility limit is clearly higher than the dopant concentration which has been detected. It means that the limiting parameter for iron and chromium microwires doping is the diffusion coefficient of these dopants in the wurtzite.

Crystallization of SnO2

In the case of SnO2, the fume appears for a lamp power close to 80%. The vaporization of SnO2 is due to the incomplete dissociation [START_REF] Santailler | Chemically assisted vapour transport for bulk ZnO crystal growth[END_REF]:

SnO2(s) SnO (g) + ½ O2 (g)
Microcrystallizations grow on the surface of the ceramic rod. In figure 4, one can notice that the section size of the ceramic rods highly decreases where the lamp is focused indicating a high volatilization of SnO2 (Figure 5). In this area, there are few microcrystallizations on the ceramic surface, which exhibits a high porosity (figure 5a). If the lamp is focused for a long time on the same area, the rod finally breaks. It is consistent with the studies on pure SnO2 by conventional sintering in air, which shows non dense ceramic due to non-densifying mechanisms such as the transformation of SnO2 into SnO and O2 gases [START_REF] Kimura | Microstructure development in SnO2 with and without additives[END_REF]42]. All the microwires exhibit faceted morphology suggesting single crystalline microcrystallization (figure 5b and5c). This is confirmed by XRD pattern performed on microwires (figure 6). All the peaks can be attributed to SnO2. The peaks intensity of (110) and (220) planes are enhanced compared to JCPDS card (N°88-0287). This means that these planes are parallel to the growth axis of microwires. The crystals size and morphology depend of their distance to the light focalization point. 100 micrometers around the focalization point, no crystallization appears and the ceramic bar is very porous. In this area, the temperature is too high to have recrystallization of microwires.

Between 100 micrometers and 800 micrometers from the focalization point, the microwires exhibit ten micrometers diameter and few hundreds of micrometers length (figure 5b). This size is similar to undoped ZnO microwires. When the microcrystallization takes place between 800 micrometers and 3 millimeters from the focalization point, their diameter reaches few tens of micrometers (figure 5c) and the shape of microwires becomes heterogeneous. This is consistent with the nanostructure obtained by evaporation-physical transport-condensation method. Indeed, Ye et al. [START_REF] Wang | Synthesis, structure, and photoluminescence of Zn2SnO4 single crystal nanobelts and nanorings[END_REF] have shown an evolution of the nanostructure with the distance of source materials. In the case of optical furnace, as the thermal gradient can reach several hundreds of degrees per centimeters, it means that the temperature decreases quickly along the ceramic rod whereas the gas phase supersaturation increases. Therefore, the condensation of solid phase appears. However, in the 100-800 µm area from the light focalization point, the gas phase supersaturation is low and the conditions are close to equilibrium leading to homogeneous thin microwires (figure 5b). In the area beyond 800 µm from the focalization point, the gas supersaturation becomes too high and the condensation is huge. In these conditions, the final morphology may deviate from Wulff theorem leading to microwires with heterogeneous morphologies, and 2D nucleation on the base of the microwires may appear leading to thicker microwires. Most of the tin crystallizes in this area.

Crystallization of Zn2SnO4

The fume appears for a lamp power between those used for ZnO and SnO2. However, in order to observe visible crystallization, the power of the furnace has to be close to the SnO2 one. With this power, the rod section decreases close to the light focalization point as in the case of SnO2. The observed microwires are SnO2. No microwires of Zn2SnO4 nor ZnO are observed. However, far from the light focalization point, on the surface of ceramic some tangle of octahedron structures is observed (figure 7a) and their chemical composition, measured by EDS, corresponds to Zn2SnO4. They can reach a size of 50 µm. When the temperature increases, abnormal grain growth appears on the surface leading to the apparition of these octahedrons. If the temperature still increases, Zn2SnO4 vaporizes. However, Gribchenkova et al have reported that this compound sublimes incongruently in ZnO gas and SnO2 solid [START_REF] Gribchenkova | Vaporization thermodynamics of the ZnO-SnO2 system[END_REF]. Considering this, at 65% of power, the fume is constituted only of Zn. As there is no ZnO solid seed in the ceramic surface, Zn condenses with oxygen on the cold part of the optical furnace to form nanoparticles of ZnO. When the power reaches 80%, the surface of the ceramic is at that time only constituted by SnO2 and then the volatilization of SnO2 appears and the growth of SnO2 microwires is observed on the ceramic rod. Thus, single crystals of Zn2SnO4 cannot be grown with high quality by this method in an optical furnace.

Crystallization of In2O3

In the case of In2O3, the fume appears at 65% of power. Some parallelepipedal single crystalline microwires are observed on the surface of the ceramic rod (figure 7b). They can reach several hundreds of micrometers long. The parallelepipedal microwires are consistent with the cubic space group of In2O3. Indeed, along the direction perpendicular to the ceramic surface, the temperature decreases quickly. This is the driving force of the preferential growth along this direction leading to a parallelepipedal shape. This experiment confirms the ability of optical furnace to synthesize single crystalline microwires of In2O3, due to the high thermal gradient present in this apparatus.

Conclusion

Optical furnace and high thermal gradient generated in the vicinity the focalization point allows to synthesize microwires of different semiconducting oxides. In a first step, a vaporization of semiconducting oxides occurs, and in a second step a condensation of semiconducting oxides on the ceramic rod appears and leads to the growth of microwires if the semiconducting oxides sublimes congruently. The shape of the microwires section is closely related to the space group of the semiconducting oxides. A hexagonal shape is obtained in the case of ZnO whereas a cubic shape is developed in the case of In2O3. Each microwires is a single crystal. They can reach several hundreds of micrometers long and few tens of micrometers large. Moreover, doping is possible with this process and probably due to a conventional diffusion process leading to graded doped crystals. SCM measurements evidence a decrease of carrier concentrations along the Ni doped ZnO microwire, which is consistent with a profile of dopants induced by diffusion process in solid phase. The shape and size of the microwires depend of the doping element. Ni doping allows large ZnO crystals with well faceted shape to be grown. Whatever the compound, single microwire can be easily isolated and manipulated. However, when the composition becomes more complex and polycationnic, like Zn2SnO4, which sublimes incongruently, the condensation process cannot take place to recover the nominal composition. Therefore, this process appears as a simple and fast route to grow high quality semiconducting oxides single crystals large enough for many physical characterizations.
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 1 Figure 1: Ceramic rods after 20-30 minutes sublimation recrystallization in the focus of the optical furnace: (a) Co doped, (b) Ni doped and (c) Fe doped ZnO. SEM images of (d) Co doped ZnO, and (e) Ni doped ZnO For Ni doped sample, the microwires are bigger and exhibit an olivine green color characteristic of Ni doping (figure1b). The SEM image shows that they reach 1 mm length and a diameter of 100 µm (figure1e). Moreover, the microwires look like arrows with a hexagonal shape very different from the morphology of undoped or Co doped microwires. The head of microwires is designed by growth steps keeping the hexagonal symmetry which indicates the single crystal growth (figure1e). This is confirmed by the XRD pattern of Ni doped microwires (figure2), which shows only (100), (110) and (200) corresponding to a growth direction of microwires along (001) axis as in undoped sample[START_REF] Giovannelli | Synthesis of ZnO microwires and tetrapods by optical furnace[END_REF]. The doping clearly influences the morphology and the size of the microwires. EDS measurements have been performed on three different isolated microwires. The evolution of Ni concentration is the same whatever the microwire 5 (figure3). The concentration of Ni is around 2 atomic % close to the ceramic surface. From 300 micrometers to 1 millimeter from the surface, the Ni content decreases respectively from 2 to 0.3 atomic %. This result is consistent with a diffusion process in solid phase.
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 23 Figure 2: XRD pattern of Ni Doped ZnO microwires
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 4 Figure 4. Electrical activity along the Ni doped ZnO microwire. (a) topography and (b) dC/dV amplitude maps at different areas of the microwire: (i) -base, (ii) -middle and (iii) -tip. The scan size is set to 10×2 µm 2 .
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 5 Figure 5: SEM image of SnO2 ceramic after sublimation-recrystallization phenomenon. a), b) and c) are magnified views of the ceramic surface from the highest to the lower temperature of the thermal gradient.
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 6 Figure 6: XRD pattern of SnO2 microwires.
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 7 Figure 7: SEM image on the ceramic rod surface of (a) Zn2SnO4 crystallizations and (b) In2O3 microwires.