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1. Introduction


The field of thin films has gone through a great development in recent decades. Besides the multiple applications of thin films, an increasing competence can be observed in tailoring the film microstructure via composition and deposition parameters. The first approach led to the development of, e.g., multicomponent carbide, nitride and oxynitride [1,2] hard coatings and superalloys [3,4], and turned recent interest towards high-entropy alloys [5,6,7,8]. The latter approach resulted in significant improvement of deposition techniques where energetic surface bombardment can influence surface mobility and the formed bonding at the growth surface [9,10]. Revealing the microstructure is inevitable for understanding how defects, the ordering of atoms within the crystalline unit cell or the formation of multiple phases and their arrangement influences the performance of coatings on the macroscopic scale. Structural features on the nanoscale may also provide excellent properties to novel nanocomposites and special nanolaminated structures, e.g., MAX phases [11,12,13]. The achievements that can be quantified in terms of hardness, elasticity, corrosion resistance or adhesion can be utilized in the improved lifetime of coatings and coated parts. However, we know little about the effect of additives and their role in the secondary phase formation and segregation and their influence on macroscopic properties (e.g., corrosion). Moreover, the research is often limited to the formed phases and structures. The existing knowledge should be completed with the exploration of the mechanism of the ongoing processes by their in situ monitoring. The recent development of state-of-the-art in situ TEM specimen holders may boost the available information about the structural transformations due to an elevated temperature, deformation or chemical ambient.




2. Review of Special Issue Contents


This Special Issue [14,15,16,17,18,19,20,21,22,23] aimed at attracting cutting-edge research and review articles on the preparation and characterization of materials with excellent properties or the related modelling approaches. The published papers in this Special Issue cover a wide range of topics, including high-entropy alloys [14], hard materials [15,21,23], effects of additives [15,17,18] on structure and properties, and the identification of Magnéli phases [22]. Computer modelling of magnetic properties [19,20] and optical modelling of dielectric function [16] are also represented in this volume.



The first published paper [14] presents an in situ TEM-annealing study of the microstructural evolution of CrFeCoNiCu high-entropy alloy (HEA) thin films. A post-annealing investigation of the samples was carried out using high-resolution transmission electron microscopy and EDS measurements. The film is a structurally stable single-phase FCC HEA up to 400 °C. At 450 °C, the formation of a BCC phase was observed; however, the morphology of the film was preserved. This type of transformation is attributed to diffusionless processes (martensitic or massive), while the fast morphological and structural changes above 550 °C are controlled by volume diffusion processes. The structure of the intermetallic phase formed at high temperatures is modelled as a supercell of the BCC phase.



The second paper [15] shows an example of how additives can influence the mechanical properties of a material. They studied the influence of 0.4–5.3 at% Mo addition on the compression behaviour of electrodeposited Ni films using micropillar deformation tests. They observed a lower grain size and higher dislocation and twin density at high Mo content, the differences of which resulted in a four-times higher yield strength compared to low Mo samples. The strain softening of low Mo samples after repeated deformation was attributed to detwinning during deformation.



In the third paper [16], amorphous Ge (a-Ge) was created in single-crystalline Ge via ion implantation. It was shown that high optical density is available when implanting low-mass Al ions using a dual-energy approach. The optical properties were measured using multiple angle of incidence spectroscopic ellipsometry. The Cody–Lorentz dispersion model was the most suitable and was capable of describing the dielectric function using a few parameters in the wavelength range from 210 to 1690 nm. The results of the optical model were consistent with Rutherford backscattering spectrometry and cross-sectional electron microscopy measurements, including the agreement of the layer thickness within experimental uncertainty. Accurate reference dielectric functions play an important role in the research development and reproducible preparation of optical materials, such as in integrated optics, optoelectronics or photovoltaics.



In the fourth paper [17], the effect of (~28 and 32 at%) N incorporation was investigated using X-ray diffraction on nitrogen-containing 304 stainless steel thin films deposited by reactive RF magnetron sputtering as a function of substrate temperature and bias. The extent of the diffraction anomaly, i.e., relative peak shifts of (111) and (200) peak positions, was determined using a calculated parameter, denoted RB = sin2θ111/sin2θ200. The normal value for RB for FCC-based structures is 0.75, and RB increases as the (002) peak shifts closer to the (111) peak. In this study, the RB values for the deposited films increased with substrate bias but decreased with substrate temperature (but still always >0.75). Since the split of 200 reflection (due to assumed tetragonal distortion) was not observed, a defect-based hypothesis is more viable as an explanation for the diffraction anomaly.



In the fifth paper [18], amorphous hydrogen-free silicon nitride (a-SiNx) and amorphous hydrogenated silicon nitride (a-SiNx:H) films were deposited via radio frequency (RF) sputtering applying various hydrogen flows. The refractive index of 1.96 was characteristic for hydrogen-free SiNx thin film, and with increasing H2 flow, it decreased to 1.89. Hydrogenation during the sputtering process increased the porosity of the thin films compared with hydrogen-free SiNx. Higher porosity is consistent with a lower refractive index. The hydrogen content of hydrogenated films was 4 at% and 6 at% according to Fourier-transform infrared spectroscopy (FTIR) and elastic recoil detection analysis (ERDA), respectively. The molecular form of hydrogen was released at a temperature of ~65 °C from the film after annealing, while blisters of 100 nm in diameter were formed on the thin film surface. The low activation energy deduced from the Arrhenius method indicated the diffusion of hydrogen molecules.



The sixth paper [19] provides a study of the Néel phase transition temperature of Fe2O3 nanocomposite thin films via Monte-Carlo simulation taking into account a variety of parameters. They found that particle size and magnetic field are the main parameters that determine the temperature of Neél transition (TNtot). The results also show that in Fe2O3 thin films, TNtot is always smaller than in the case of Fe2O3 nanoparticles and bulk Fe2O3. For a nanoparticle size of 12 nm, TNtot = 300 K. Furthermore, there is a linear relationship between TNtot and nanoparticle size. The results can be utilized in the design of magnetic devices and in biomedical applications.



The seventh paper [20] is another computer simulation modelling of the ferroelectric substrate influence on the condition and magnetic properties of 2D ferromagnetic nanofilms using the two-dimensional Frenkel–Kontorova (FK) potential to simulate the substrate effect on the film. The Ising model and Wolf cluster algorithm are used to describe the magnetic behaviour of an FM film. The results show that uniform deformations of the substrate lead to inhomogeneous deformations of the film. The interaction between the substrate and film causes film deformations leading to superstructures with low and high atomic concentrations. Heating or external electric field can cause substrate deformations, and consequent substrate-induced structural phase transition takes place. The Curie temperature decreases with both substrate compression and stretching.



In the eighth paper [21], the properties of TixZr1−xN hard coatings were investigated. TixZr1−xN films with Zr/(Zr + Ti) molar ratios from 20% to 80% were prepared with multi-arc ion plating using different combinations of either elemental Ti and Zr or TiZr alloy targets. The as-deposited TixZr1−xN films formed substitutional fcc solid solutions with a lattice constant consistent with Vegard’s law. When the Zr/Ti molar ratio was 40:60 or 60:40, the films showed (111) and (220) preferred growth orientation, while at other compositions, the films exhibited (111) preferred orientation. These two compositions coincide with the hardness maxima with values over 30 GPa.



In the ninth paper [22], the structure and phase transition of V4O7 Magnéli phase was investigated. A thin film of vanadium oxide Magnéli phase V4O7 was produced using cathodic arc sputtering of V target at 600 °C and 0.045 Pa of oxygen atmosphere. The stoichiometric composition of V4O7 was confirmed using Rutherford backscatter spectrometry. The similarity of structures of Magnéli phases may make it challenging to identify the phase precisely using X-ray diffraction, especially if the sample is nanostructured, highly textured, and strained. The authors proved that Raman spectroscopy can be a sensitive indicator of minor structural changes even at room temperature with the careful tuning of the laser power on the sample. Metal–insulator phase transition in V4O7 thin films was observed via Raman spectroscopy between −50 and −55 °C.



In the tenth paper [23], the composition of AlCrTiN quaternary nitride films is optimized. Ternary nitrides, like TiCrN, generally form face-centred cubic solid solutions and have superior properties in terms of phase composition, hardness, and thermal shock resistance and adhesion to the substrate due to the addition of alloying elements. The effect of high Al content was investigated in this work. AlCrTiN hard coatings were prepared via reactive multi-arc ion plating on high-speed steel substrates via the co-deposition of AlCr and AlTi dual-arc source alloy targets in N. The optimal composition of the AlCrTiN hard films is 25:13:15:47 (at%), based on the consideration of hardness, adhesion, and thermal shock cycling resistance. This optimal AlCrTiN hard film can be suggested as an option for protective coatings in applications up to 600 °C.
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