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Georgios Chatzigiannakis (HSSTCM)

Laser-microstructured ZnO/Si heterojunction photodetectors

The aim of this Master Thesis is the development of laser-microstructured ZnO/Si photodetectors with enhanced sensitivity and broadband operation. Zinc oxide (ZnO) is a very promising semiconductor for optoelectronic and transparent electronic applications due to its wide bandgap (3.37 eV), which is direct and therefore efficient for optoelectronics, its large exciton binding energy (60 meV) at room temperature, and high transparency (>80%) in the visible spectral range. These properties renders it a good choice for optoelectronic applications, such as blue-UV photodetection or blue-UV light emission (LEDs or lasers), complementary to GaN-based devices [1]. However, being difficult to introduce reproducible and stable p-type impurities in ZnO, which exhibits intrinsically n-type conductivity, it is necessary to rely on heterojunctions with other materials, most commonly silicon, for electronic applications [2,3]. Interestingly, it has been shown that laser microstructuring of silicon in SF6 gas extends the absorbance of silicon to the near infrared (NIR), below its energy bandgap [4,5,6]. For this reason, in this Master Thesis laser-microstructured ZnO/Si heterojunctions were developed in order to fabricate photodetectors with enhanced responsivity due to an increased heterojunction area and also to extend the detection spectral range from UV to NIR.
In this work, silicon substrates of p- and n-type conductivity were irradiated with nanosecond laser pulses in SF6 gas, resulting in the formation of an array of uniform and quasi-ordered conical microspikes on the surface. A thin film of ZnO was conformally deposited on microstructured and flat silicon substrates by atomic layer deposition (ALD). Top and bottom electrodes were deposited by thermal evaporation, followed by thermal annealing. The surface morphology and the conformal coating of silicon microspikes with ZnO were investigated by SEM and EDS measurements (Fig. 1). The optical quality of the ZnO thin films was investigated by room-temperature and low-temperature photoluminescense (PL) measurements. Additional information regarding the optical properties of the samples was obtained by specular reflectance measurements. The electrical operation of ZnO/Si heterojunctions as photodetectors was identified by carrying out a set of electrical measurements under illumination and dark conditions. The photodiode responsivity was determined by photoconductivity measurements using a Xenon lamp as a light source, analyzed in a range of wavelengths between 350 and 1000 nm by a monochromator.
PL measurements indicate high crystalline quality of the ZnO films deposited on flat and microstructured silicon. Optical measurements show a decreased reflectance for the microstructured heterojunctions, as a result of enhanced light absorption by the silicon microspikes, beneficial for photodetection. Electric I-V measurements of the ZnO/p-Si heterojunctions in the dark show a non-linear behavior with higher current values for the microstructured device due to the increased active area. Photocurrent is observed under reverse bias voltage, even for wavelengths below the silicon bandgap in the case of microstructured ZnO/p-Si. Furthermore, photoconductivity measurements at zero biasvoltage show increased responsivity across the UV-Vis-NIR spectral range for the microstructured device due to its large active area and enhanced light absorption. Interestingly, in the case of ZnO/n-Si heterojunctions the short-circuit photocurrent at zero bias voltage (Isc) changes polarity with the illumination wavelength, since negative and positive Isc values are observed for UV-Vis and NIR wavelengths, respectively. Additionally, the responsivity depends on the application of an external bias voltage, allowing for wavelength-selective operation. Therefore, the microstructured ZnO/p-Si photodetectors provide enhanced sensitivity and broadband detection, while the microstructured ZnO/n-Si photodetectors provide externally controlled wavelength selectivity for specific applications.
Hugo Roirand (SF2M)

Influence of ECAP (Equal Channel Angular Pressing) process on fatigue-corrosion properties of an aluminum alloy used in automotive wires

This internship settles in a 10 years research program which aim is the integration of aluminium alloys in electrical wires for automotive industry for LEONI Wiring System. This work was performed in support of Clement Rochet's thesis about the influence of ECAP (Equal Channel Angular Pressing) process on fatigue-corrosion properties of aluminium alloys used in automotive wires. The master thesis focused on the main influence of ECAP process on three parameters: the microstructure, the corrosion properties and the fatigue/fatigue-corrosion behaviour.
ECAP is an SPD (Severe Plastic Deformation) process. The principle of ECAP is to force the extrusion of a bar into an angular pipe. The AA1350 studied during this internship, contains only 0.18% (in mass) of alloying element, with iron as the most important (0.09% in mass).
Influence of ECAP on microstructure
It is known that ECAP process homogenizes the microstructure and involves the formation of HAGBs (High Angle Grain Boundaries, >15°). To observe these changes, the samples were analysed using EBSD (Electron Back Scattered Diffraction) at the as-received state and after ECAP.
These grain maps inform on the grain size decrease and the texture homogenization due to ECAP process. Indeed, most of the grains (+ 90%) after ECAP had an average diameter less than 1 micron although there was some larger grains in the as-received sample (30% of the surface was occupied by grains with a diameter higher than 10 um). Moreover, there were the emergence of a new preferential orientation after ECAP ((101) along extrusion direction), and the distribution of crystallographic orientations was highly more random. So, the ECAP process homogenised and decreased the size of the microstructure.
Influence of ECAP on corrosion behaviour
It is known that corrosion mechanisms are influenced by microstructure heterogeneities at a local scale. Therefore, ECAP process could influence the corrosion behaviour.
The corrosion thermodynamics were studied with OCP (Open Circuit Potential) trials and the corrosion kinetics were studied with polarizations tests. The main tests were performed in 0.5M NaCI.
The OCP tests allowed us to show that the corrosion potentials were slightly different before and after ECAP process. Indeed, after ECAP the corrosion potential was slightly lower (-0.77 V/SCE) than before (-0.74 V/SCE). Concerning the polarization experiments, they underlined that the samples after ECAP had higher corrosion rates than the as-received materials under anodic polarization. This change of behaviour is not well explained in the literature. One of the hypotheses could be that the number of anodic dissolution sites (which could become pitting sites) was higher because of the fragmentation of some coarse precipitates into clusters. Whatever, ECAP process influences the anodic response of the AA1350.
Influence of ECAP on fatigue and fatigue corrosion behaviour
Three types of fatigue tests were carried out: fatigue in air, fatigue in air after pre-corrosion in 0.5M NaCI during 72h, fatigue-corrosion in 0.5M NaCI.
First, on the as received material, at 80% of the mechanical strength, there was no coupling between fatigue and corrosion because the rupture occurred too early (104 cycles). At 70% of the mechanical strength, the samples in air fatigue reached the endurance limit (5.106 cycles) without breaking. However, a rupture was observed with fatigue corrosion and fatigue after pre-corrosion tests. Consequently, there seems to be an effect of the environment. Moreover, the lifetime of fatigue-corrosion specimens was globally the same than that of the specimens pre-corroded before the tests although the exposure time was lower for fatigue-corrosion specimens. So, these experiments show that there was probably a coupling between fatigue and corrosion mechanisms.
The same tests were performed on specimens after ECAP. The results were strongly different. Indeed, at 70% or even at 80% of the UTS (which is higher after ECAP), there was no break for any specimens. So, the ECAP process significantly enhances the fatigue lifetime.
Damage tests were carried out to see if the defects formed during the pre-corrosion were the same on both materials. The dissolution depths were analysed by interferometry in the longitudinal section. The results were that the average dissolution depth was around 3 um for both metallurgical states. So, the difference of behaviour in fatigue-corrosion or fatigue after corrosion should be, due to mechanical changes, more than corrosion differences.
Indeed, mechanical tests showed that the behaviour in plasticity was not the same between as-received and ECAP material. Up to UTS, there may have been a softening of the ECAP material with the increase in the deformation at the crack tip. This softening leads to a decrease in the effective stress at the crack tip until it became too low to keep the crack propagation running. This mechanical phenomenon could explain the huge lifetime of ECAP samples compare to as-received ones.
Conclusion
The main aim of the master thesis was to determine and understand the possible influence of ECAP process on the fatigue-corrosion behaviour of AA1350. To interpret the results in fatigue-corrosion it was essential to know the influence of ECAP on the microstructure. Moreover, studying the corrosion behaviour was primordial to know if the differences in fatigue-corrosion were due to a change in the corrosion resistance or a modification of the mechanical properties. Finally, this internship showed that ECAP does not significantly influence the corrosion behaviour of the alloy (without polarization). However, it strongly increases the fatigue lifetime explaining why the lifetime under fatigue-corrosion was much better after ECAP.
Javier Castillo Seoane (SOCIEMAT)

Synthesis and characterization of three-dimensional ITO nanoelectrodes
The presence of transparent electrodes is ubiquitous in daily life essential devices such as smartphones, touch panels, electronic books, last generation nanostructured solar cells, micro-energy harvesters, and transparent heaters. The role of transparent conducting layers is pivotally used in optoelectronics, either as a collector of the charges formed at the photoabsorbers, i.e. in photovoltaic devices such perovskite, dye-sensitized and hybrid solar cells, or to supply functional layers with charge carriers, as in light-emitting diode displays (LEDs). The most industrially widely used transparent electrode is the Indium Tin Oxide (ITO), a transparent conducting oxide (TCO) featuring both high transparency and high electrical conductivity. Over the past few years, a large number of research groups have worked on different solutions to improve the manufacturing methods of ITO and to find more flexible and indium-free alternatives. However, the application of ITO thin films remains dominant on the market due to their (so far) unparalleled performance and mature manufacturing technologies which mostly rely on the use of vapor-phase methods. Besides, the miniaturization of devices and the advances in nanotechnology have prompted the research in low dimensional ITO nanomaterials and its implementation as photodetectors, single-electron transistors, electron emitters, field-effect transistors (FETs), light-emitting diodes (LEDs), biological and chemical sensors, ultraviolet nanolasers, anti-reflective coatings, and broadband saturable absorbers for solid-state lasers.
The main objective of this Master Thesis is to show the potential of an innovative synthesis method based on a multistep procedure to manufacture supported 1D and 3D wide-band-gap oxide nanostructures. This method combines plasma and vacuum technologies in a single reactor and the use of vacuum-processable one-dimensional soft templates. The process is compatible with different vacuum and plasma deposition techniques, but for the purpose of this study, we used magnetron sputtering (MS) and vapor transport in a mild vacuum because of their industrial scalability and compatibility with large deposition areas. Figure 1 shows the sequence of steps followed.

We developed three types of ITO nanostructures in two pressure conditions: thin film (benchmark morphology), nanotubes (1D) and nanotrees (3D hierarchical nanostructures), as seen in Figure 2. In order to control the thickness, alignment, crystallinity, and density, we established specific temperature, time, and pressure values for the deposition and post-treatment procedures. The three different types of samples were characterized by SEM, HRTEM and XRD (microstructure), XPS and EDXS (chemical composition), UV-vis-NIR spectroscopy in integrating sphere (optical response) and four-point probe electrical measurements in the scale of a centimetre and in the nanoscale on a single-nanotube.

The ultimate goal of our study is to determine whether the methodology of combining the 1D soft template method with the conformal deposition by means of magnetron sputtering is feasible in a one-reactor configuration. We also managed to synthesize supported polycrystalline nanostructures with high electrical conductivity (in the same order of ITO single-crystalline nanowires as previously reported by other authors), with the appropriate chemical composition and structure. The optical response of the nanostructured layers is dominated by scattering effects with remarkable results in both the visible and NIR ranges.
In light of the above, these ITO layers could be used as optical-active (conductor) nanoelectrodes in a range of optoelectronic devices such as LEDs and solar cells. They also show a great potential when combined with metal nanoparticles as SERS sensors, since their high specific surface and electronic structure can enhance sensing properties.
Alexandra Faka (HMS)

Evaluation of Pitting Corrosion Behavior of 2707 Hyper-Duplex Stainless Steel

Hyper-duplex stainless steels (HDSS) have raised the scientific community’s interest due to the exceptional properties of the characteristic two-phase microstructure (50% ferrite – 50% austenite). Thanks to their microstructure, which renders higher corrosion resistance in chloride environments and improved mechanical properties as compared to other common steels, the HDSS are suitable for aggressive, acidic and/or chloride process environments that exist in various industries, such as petroleum, gas refineries and marine environments. Thus, this Master Thesis focuses on the study of the behavior of HDSS 2707 in a chloride environment and its susceptibility to pitting corrosion, as well as the determination of the critical pitting temperature.
In order to evaluate pitting susceptibility, cyclic potentiodynamic polarization tests (CPP) were conducted in 3.5% wt. NaCl solution at 25oC, which represents sea water. Representative results are provided in the attached Figures for the hollow and convex surfaces exposed during the tests. For the measurement of the critical pitting temperature (CPT), potentiostatic polarization at a 5% wt NaCl solution was performed.
The electrochemical tests were accompanied by Stereo-Optical microscopy, Scanning
Electron Microscopy (SEM), Energy Dispersive X-Ray Analysis EDX), Atomic Absorption Spectroscopy (AAS) and X-ray photoelectron spectroscopy (XPS) to identify the corrosion mechanism and products.
The corrosion rate was calculated by the Tafel equation. Also, a comparison of the results of two different types of cyclic polarization (anodic and cathodic-anodic) was made and the influence on the pitting corrosion was established.
The results of this study highlight the characteristics of HDSS, its low susceptibility to pitting corrosion and its very high resistance to general corrosion. In more detail, only one quarter of the replicate potentiodynamic polarization tests revealed susceptibility to localized corrosion. Moreover, the corrosion rate was found lower than that of other stainless steels used in similar corrosive environments

Ana Carina Lopes (SPM)

Study and evaluation of different combinations of virgin and processed PA material for Selective Laser Sintering technology
Selective Laser Sintering (SLS) is an additive manufacturing technology that requires thermal energy of a laser source to selectively sinter powder material according to a previously prepared CAD model to produce parts for a large variety of industrial applications. This process does not require supports during the sintering which means that about 80% of the initial material needed remains loose for the building purpose. According to its principle of operation, and considering economic and sustainable reasons, SLS requires the reuse of powder that is not directly sintered by the laser beam from one building cycle to another. However, due to the complex thermal conditions involved within the closed chamber of processing, the material undergoes structural changes which precludes its full reuse in subsequent cycles. For this reason, an efficient management of a mixture ratio of the processed material with new virgin material is intrinsically necessary to ensure the production of SLS parts with overall quality.
Therefore, the main objective of this research work was to understand the effect that the successive reprocessing has in SLS powder material and to evaluate its influence on the quality of final parts produced at different building orientations. For that purpose, Polyamide 12 with 0% and 30% of virgin material and the corresponding parts produced, were studied through five consecutive building cycles and their dimensional, mechanical, thermal and microstructural properties were evaluated in order to understand the full process of modification and degradation of the powder particles. In addition, the experimental results were used to validate a theoretical algorithm of prediction based on degradation equations capable do define the minimum amount of virgin material to be mixed with processed material to produce parts without significant loss of properties after a very high number of building cycles.
The results of this research proved that the properties of the powder resulting from the high temperatures of the process and the building orientation influence the properties of SLS parts, mainly regarding the mechanical performance. It was verified that the mechanical properties of parts produced without virgin material sharply decrease with the number of cycles, reaching an exponential decay property loss of 50% from the initial values. However, an incorporation of 30% of virgin material in each cycle provided a good balance between the cost of the material and the overall properties reached.

Regardless of the ratio of virgin material, parts produced at 0º presented best surface quality, higher dimensional resolution and improved mechanical response. Finally, the methodology established in this research using reprocessing algorithms allowed to ensure the sustainability and economic viability of SLS, enabling to maximize the use of processed material and to avoid the anticipated waste of material still with potential to be used. It has a beneficial industrial application because with a suitable definition of a mixture ratio and corresponding process parameters, SLS parts can effectively achieve similar properties compared to conventional manufacturing processes, becoming a competitive technology to produce polymeric products.
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