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Keywords: optischen Eigenschaften der hergestellten Proben wird untersucht. Zusätzlich werden die optimalen experimentellen Bedingungen bestimmt, die während dieser Arbeit verwendet werden. Die Struktur-und Zusammensetzungsanalysen wurden mit verschiedenen Methoden wie Transmissionselektronenmikroskopie (TEM), energiedispersive Röntgenspektroskopie der Grundlage einer verbesserten Beweglichkeit von Adatomen interpretiert, die durch das Bombardieren der Filme mit schnellen Teilchen unterstützt wurde der Brechungsindex mit der Kristallorientierung abgestimmt werden kann, während die Bandlücke konstant gehalten wird. Unsere Ergebnisse legen nahe, dass die optischen Eigenschaften der AlN-Filme über ihre kristallographische Orientierung abgestimmt werden und Emissionsmechanismen basierend auf der Rolle von Sauerstoff vorgeschlagen. Auf dieser Grundlage wurde eine Manipulation der PL erreicht und verschiedene Farben beobachtet. Zusätzlich wurde ein
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Résumé étendu

Ce travail de thèse est dédié à l'étude des propriétés optiques de films minces de nitrure d'aluminium dopé avec des terres rares Plus particulièrement, il est focalisé sur l'investigation des mécanismes de luminescence de terres rares spécifiques pour une future application des films minces synthétisés dans des dispositifs d'éclairage Les composés III-V qui incorporent des terres rares attire une attention particulière depuis les années 1980 période à laquelle ces systèmes ont été proposés comme des solutions alternatives pour résoudre les problèmes observés avec le silicium dopé avec des terres rares. [START_REF] Kenyon | Recent developments in rare-earth doped materials for optoelectronics[END_REF]D'une part, le silicium présente un faible gap optique qui limite le choix des terres rares à celles qui émettent dans l'infrarouge D'autre part, ce gap optique est indirect, ce qui induit une très faible luminescence de la terre rare incorporée. Par contre, les composés III-V possèdent dans la plupart des cas un large gap optique direct dans la gamme 2 à 6 eV, ce qui offre la possibilité d'accueillir des terres rares émettrices dans les domaines du visible et de l'ultraviolet [START_REF] Kenyon | Recent developments in rare-earth doped materials for optoelectronics[END_REF]Ces matériaux présentent également une très bonne compatibilité avec les technologies de la microélectronique, permettant d'envisager une intégration dans des dispositifs microélectroniques. Parmi les composes III-V le nitrure d'aluminium (AlN) de structure hexagonale wurtzite présente le gap direct le plus élevé, autour de 6 eV. Par ailleurs, il présente des propriétés chimiques et physiques tout à fait remarquables et intéressantes pour ce domaine telles qu'une très bonne résistance aux agressions chimiques et une conductivité thermique élevée Ainsi, il s'agit d'un candidat prometteur pour une intégration au sein de dispositifs travaillant à haute puissance. [START_REF] Park | Thermal conductivity of AlN thin films deposited by RF magnetron sputtering[END_REF]Cependant, les mécanismes optiques en jeu dans l'AlN dope avec des terres rares (RE-AlN) ne sont pas clairement établis. Ceci nous a motivé à initier cette étude visant à explorer le comportement de ce système prometteur.

La méthode de pulvérisation cathodique magnétron réactive a été utilisée au cours de cette thèse pour synthétiser des films minces d'AlN non dopés et dopés par des terres rares. Cette méthode fait partie des méthodes de dépôt physique en phase vapeur (PVD) et est largement utilisée dans le cadre d'applications industrielles de fait de coût et de sa simplicité de mise en oeuvre Les caractéristiques de cette méthode et la procédure de synthèse des films sont détaillées afin de révéler le rôle des conditions d'élaboration sur les propriétés optiques, microstructurales et structurales. La stratégie menant au développement des conditions expérimentales de synthèse optimales utilisée tout au long de ce travail est détaillée.

Les analyses structurales et chimiques des échantillons ont été réalisées par l'intermédiaire de différents moyens incluant la microscopie électronique en transmission (TEM), la diffraction des rayons X (XRD), la spectroscopie de dispersion en énergie des photons X (EDS), la spectrométrie de rétrodiffusion de Rutherford (RBS) et la spectroscopie de perte d'énergie des électrons (EELS). Les propriétés optiques ont été caractérisées par spectrophotométrie UV-Visible en transmission, ellipsométrie spectroscopiques et la spectroscopie de Dans le cas du dopage mixte avec Ce et Yb, l'émission par Yb 3+ dans le proche infrarouge est caractérisée par une seule énergie d'activation proche de 28 5 meV La désexcitation de l'émission dans le proche infrarouge correspondant au pic localisé à 976 nm (1270 meV) peut ainsi être expliquée par la population d'un état radiatif émettant à 953 nm (1300 meV) Par ailleurs, la décroissance de l'émission dans le visible liée à Ce 3+ est caractérisée par deux énergies d'activation, respectivement de 18 et 508 meV dont la somme (526 meV) est proche de l'énergie d'activation de 513 eV obtenue dans le cas des films présentant un dopage simple au cérium. Ainsi, nous pouvons considérer que le mécanisme de désexcitation thermique de la luminescence de Ce 3+ intervient par transfert électronique de niveaux 5d excités du cérium vers la bande de conduction de la matrice que ce soit pour les échantillons dopés au cérium uniquement ou pour les échantillons co-dopés Ce, Yb. 

Motivation

Rare earth-doped III-V compounds attracted great attention since reported for the first time in 1980s as alternative solution to address the rare earth-doped silicon materials' drawbacks. [START_REF] Kenyon | Recent developments in rare-earth doped materials for optoelectronics[END_REF] The small and indirect optical bandgap of silicon not only limits the choice of REs to those emit in IR region but also exhibits low luminescence efficiency due to the indirect bandgap feature of silicon. In contrast, III-V compounds in most cases show direct and large optical bandgap in the range 2 eV to 6 eV, providing good opportunity to host the RE ions emit in ultraviolet-visible (UV-Vis) range. [START_REF] Kenyon | Recent developments in rare-earth doped materials for optoelectronics[END_REF] Also, it offers the possibility of integration with semiconductor microelectronics. Among III-V compounds, hexagonal wurtzite AlN exhibits the largest direct optical bandgap (6 eV). In addition, it shows very interesting chemical and physical properties such as strong chemical resistance and large thermal conductivity. Thus, it is a promising candidate for integration in devices working at high power operation. [START_REF] Park | Thermal conductivity of AlN thin films deposited by RF magnetron sputtering[END_REF] Nevertheless, the optical mechanism of RE-doped AlN is still under debate, which motivates us to start this study in order to explore the optical behavior of this system. Hopefully, we can provide a significant contribution and enhance our understanding in this field. This work, in general, is devoted to study the luminescence properties of selected RE elements incorporated in AlN thin film prepared by reactive magnetron sputtering as a candidate for lighting devices. More particularly, cerium (Ce) and ytterbium (Yb) ions have been selected as a case study in this thesis for two main reasons.

Firstly, from fundamental understanding point of view, Ce is the first lanthanides element containing only one electron in the 4f orbital and its luminescence properties are characterized by f-d electronic transition. So, it is considered as an example for other RE ions that have the same kind of transition (Eu 2+ , Sm 2+ ...). Yb is located at the end of lanthanides, and contains 13 electrons in the 4f orbital and its luminescent properties are mainly characterized by f-f transition (in Yb 3+ ). It can be used as an example representing other REs that have the same electronic transition. In addition, the f-d transition in Ce 3+ is the outermost shell electronic transition, while f-f transition in Yb 3+ is lying in the core levels of valence electrons. This makes the f-d transition is unshielded from the surrounding medium unlike f-f transition. This unshielded property of f-d transition results in strong influence of the local environment on the luminescence of Ce 3+ . Whereas, the shielded property of f-f transition in Yb 3+ significantly reduces the interaction with the local environment. Thus, the excitation mechanisms in both will be presented. The optimum experimental conditions that will be used during this work are discussed. Finally, chapter's conclusion has been stated.

Chapter four: shows the result and discussion of prepared Ce-doped AlN films at different conditions and the correlation of the microstructure with the luminescence properties. It also provides a significant guideline for understanding the optical behavior of such material. The optical response of Ce-doped AlN and Cerium doped aluminum (oxy)nitride (Ce-doped Al(O)N) has been examined by photoluminescence (PL) under optical excitation with different wavelengths. The photoluminescence excitation measurements (PLE) have been performed in order to explore the excitation mechanisms. In addition, the PL intensity evolution with low temperature variation was used to gain more information about the PL thermal quenching mechanisms. A comprehensive study is presented to understand the optical mechanisms of Ce doped aluminum nitride and aluminum (oxy) nitride materials. Based on the proposed approach, PL manipulation has been achieved offering different emission colors (blue, green and white) that can be used as candidates for lightening applications.

Chapter five: is dedicated to understand the optical mechanisms of Yb-doped AlN and (Ce, Yb) co-doped AlN samples. The main goal of this part of the work is to establish a comparative study between two different rare earth ions doped AlN in order to explore the similarities and the discrepancies, particularly in the optical behaviors. The microstructure and the compositions of the prepared samples have been investigated. The optical properties have been also examined using the steady state PL at room temperature, PLE, and time resolve photoluminescence (TRPL). The PL thermal quenching mechanism for Yb and (Ce, Yb) codoped AlN is presented by probing the PL evolution at low temperatures. In addition, energy transfer (ET) mechanism between Ce and Yb has been established.

Chapter I General Introduction

In this chapter, a general introduction about the basic characteristics of aluminum nitride (AlN) and rare earth elements (REs) is presented. We will focus and highlight on the properties relevant to this study and used in our results' interpretations and discussion. This chapter is classified as follows; the first part is dealing with AlN related features; crystal and electronic structures, types of defects, preparation methods and applications. Secondly, it is focusing on some luminescence issues related to REs (electronic transitions, energy transfer and...etc). After that, general discussion about the optical behavior of REs-doped semiconductors is given. Finally, a survey on the application of Ce and Yb-doped AlN is presented.

1.1-Aluminum nitride (AlN): Basic properties

AlN is a III-V compound and crystallizes in the hexagonal wurtzite structure where each Al atom is tetrahedrally connected to the nitrogen atoms by covalent bonds. This particular crystal structure of AlN exhibits high chemical and thermal stabilities, high hardness and large thermal conductivity and melting temperature of 2200 o C. [START_REF] Park | Thermal conductivity of AlN thin films deposited by RF magnetron sputtering[END_REF] It also shows a remarkable high optical bandgap of 6.2 eV. All these promising features allow AlN falling under intense research activities. During the last decade, several works have been dedicated to exploit the excellent properties of AlN to put it directly in the industrial field. On the one hand, many potentials have been reported on different synthesis methods in order to obtain well crystalline AlN in bulk, [START_REF] Carsten | Preparation of Bulk AlN Seeds by Spontaneous Nucleation of Freestanding Crystals[END_REF] thin films, [START_REF] Park | Thermal conductivity of AlN thin films deposited by RF magnetron sputtering[END_REF] and even in nanopowders forms. [START_REF] Suehiro | Synthesis of Aluminum Nitride Nanopowder by Gas-Reduction-Nitridation Method[END_REF] On the other hand great efforts have been spent to characterize and understand the chemical and physical properties of AlN in order to serve the technological development especially in acoustic [START_REF] Assouar | STUDY OF ACOUSTICAL AND OPTICAL PROPERTIES OF ALN FILMS FOR SAW AND BAW DEVICES: CORRELATION BETWEEN THESE PROPERTIES[END_REF][START_REF] Caliendo | Structural, morphological and acoustic properties of AlN thick films sputtered on Si(001) and Si(111) substrates at low temperature[END_REF] and optoelectronic fields. [START_REF] Kecik | Layer-and strain-dependent optoelectronic properties of hexagonal AlN[END_REF][START_REF] Yang | Optoelectronic properties of GaN, AlN, and GaAlN alloys[END_REF] In the following sections, a background required to get through this work is discussed.

1.1.1-AlN crystal structure

AlN belongs to the III-nitrides group which includes the compounds consisting of nitrogen with the elements of column III in the periodic table. Terminologically, III-nitrides usually point to GaN, InN, AlN and their alloys InGaN, AlGaN, AlInN, and AlInGaN, which are the most important compounds obtained from this group in semiconductor technology. These compounds are found in wurtzite (WZ), zinc blende (ZB) and rocksalt atomic structures. [START_REF] Hanada | Basic Properties of ZnO, GaN, and Related Materials[END_REF] AlN exists in WZ and ZB, however the WZ structure is more stable than ZB. The main difference between WZ and ZB structures in AlN is the ions stacking sequence inside the crystal lattice. [START_REF] Morkoç | General Properties of Nitrides[END_REF] Specifically, hexagonal WZ-AlN (H-WZ) structure is the stable and the easy growing one under normal conditions. Fig (1.1) shows the crystal structure of hexagonal WZ-AlN.

Fig. (1.1): Crystal structure of wurtzite AlN. [START_REF] Cervenka | Nucleation and Chemical Vapor Deposition Growth of Polycrystalline Diamond on Aluminum Nitride: Role of Surface Termination and Polarity[END_REF] The average lattice parameters of hexagonal wurtzite AlN a= 3.11 Å and c= 4.98 Å are mainly depending on the lattice strains and the oxygen content, which is an unavoidable contamination. The ideal c/a ratio for wurtzite structure is 1.63 with an internal coordinate u=(a/c) 2 =0.375. [START_REF] Hanada | Basic Properties of ZnO, GaN, and Related Materials[END_REF] It was found that the specific stacking sequence of hexagonal w-AlN result in attracting pairs of cations and anions by electrostatic forces. [START_REF] Hanada | Basic Properties of ZnO, GaN, and Related Materials[END_REF] These electrostatic forces lead to decrease the c/a ratio and promote the ionic character of AlN, which makes the WZ phase more stable than the ZB. As a result, an internal spontaneous polarizability is initiated inside AlN crystal lattice. This spontaneous polarizability is the key point behind using AlN crystals in the piezoelectricity field. Furthermore, the difference between the lattice parameters (c and a) results in an anisotropic property along each axis. For instance, the ordinary and the extraordinary refractive index of AlN are not the same, which is an important property in the field of microchips nonlinear optics. [START_REF] Stegmaier | Mode control and mode conversion in nonlinear aluminum nitride waveguides[END_REF] The lattice structure of w-AlN consists of tetrahedron units where each Al atom is connected with four N-atoms by two kinds of bonds, sometimes referred as B1 and B2. B2 bonds are parallel to the c-axis while B1 bond are the other three legs in the tetrahedron terminals as shown fig. (1.1). In addition, the bond length of B2 (0.1917 nm) is longer than B1 (0.1885 nm). [START_REF] Zhang | Growth of AlN films on Si (100) and Si (111) substrates by reactive magnetron sputtering[END_REF] Al and N atoms form four sp3 hybridization orbitals in the crystalline structure. The outer shell of Al atoms consist of 4 orbitals (3s 2 3p 1 ) and the outer shell of N atoms contain 4 orbitals (2s 2 2p 3 ) with electronic configuration as shown in fig (1.2). In AlN, Al atoms share its outer shell 3 electrons with the 2p orbital in N atoms to compose the three B1 bonds, which are more covalent in nature. While the B2 bond is formed from coupling an empty orbital of Al atom with the full 3s orbital in N atom (lone pair electrons). This displays some ionic characters to this B2 bond. 

1.1.2-Electronic structure of AlN

 The band structure

The electronic structure of semiconductor material is mainly governed by the bonding system and the crystal structure of the material. [START_REF] Wolff | Electronic Structure of Semiconductors[END_REF] Wurtzite AlN is considered as a direct bandgap, whose band edge is located at the Γ point, see fig (1 3) Fig (1.3): Band structure of w-AlN. [START_REF] Kobayashi | Semiempirical tight-binding band structures of wurtzite semiconductors: AlN, CdS, CdSe, ZnS, and ZnO[END_REF] Large direct bandgap can be realized between the minimum of the conduction band and the maximum of the valence band to reach to 6.2 eV in crystalline w-AlN. This bandgap makes AlN a promising material to host emitting centers with light emission in UV-Vis ranges with low thermal quenching of the luminescence. In addition, the direct feature of this band structure maximizes the benefit from the excitation energy avoiding any phonon consumption that occurs in other indirect bandgap semiconductors e.g. Silicon.

 The density of states (DOS)

The partial density of states (DOS) of w-AlN is presented in fig (1.4). It can be observed that the valance band formed by two sub-bands of N atoms 2s and 2p, while conduction band raises from hybridization of the s and p orbitals of the Al atoms. [START_REF] Ruiz | Electronic structure and properties of AlN[END_REF][START_REF] Nwigboji | Ab-initio computations of electronic and transport properties of wurtzite aluminum nitride (w-AlN)[END_REF] Fig (1.4): the partial and total DOS of w-AlN. [START_REF] Ruiz | Electronic structure and properties of AlN[END_REF]  The optical-Phonon frequencies Studying the optical phonons of AlN is of great interest due to its application in optoelectronic field. Complementary measurements of Raman and FTIR have been used to obtain the full information about the optical phonons. AlN with wurtzite structure exhibits six optical phonon modes [START_REF] Gorczyca | Optical phonon modes in GaN and AlN[END_REF][START_REF] Carlone | Optical phonons of aluminum nitride[END_REF] classified as shown in fig (1.5). As it has large number of atoms, the analysis of the optical phonons is complex, however the representation at the point Γ is reducible into Γ= A1+E1+2E2+2B1; A1 and E1 are Raman and IR active, 2E2 branches are Raman active only while B1 branches are inactive (forbidden in Raman and IR). The phonon frequencies are listed in below table (1.1). [START_REF] Gorczyca | Optical phonon modes in GaN and AlN[END_REF] However, it can be shifted and/or broadened depending on the microstructure (crystal or amorphous), the lattice strain and the impurities in particular the oxygen contamination. [START_REF] Mcneil | Vibrational Spectroscopy of Aluminum Nitride[END_REF] That is why Raman and FTIR can be used as a tool to give information about the degree of disorder and the lattice strain of a given material. [START_REF] Debieu | Structural and optical characterization of pure Si-rich nitride thin films[END_REF] Fig (1.5): Schematic diagram for the optical phonon modes of w-AlN. [START_REF] Gorczyca | Optical phonon modes in GaN and AlN[END_REF] Table (1.1): The optical phonon modes values in w-AlN compared to several other works from [START_REF] Gorczyca | Optical phonon modes in GaN and AlN[END_REF] and the references wherein.

For instance, Khan, S., et al. [START_REF] Khan | Texture of the nano-crystalline AlN thin films and the growth conditions in DC magnetron sputtering[END_REF] showed how the FTIR and the Raman modes of nanocrystalline AlN can be modified by the experimental conditions and used as tools reflecting the microstructure picture. In the same line, Jagannadham, K., et al. [START_REF] Jagannadham | Structural characteristics of AlN films deposited by pulsed laser deposition and reactive magnetron sputtering: A comparative study[END_REF] displayed the use of relative intensity of phonon peaks associated to the crystalline and amorphous phases to identify the volume fraction of the amorphous phase. They also referred the shift of the peaks in FTIR to the residual stress. Moreover, according to [START_REF] Sanz-Hervás | Influence of crystal properties on the absorption IR spectra of polycrystalline AlN thin films[END_REF], The ratio of integrated areas of A1(TO) and E1(TO) absorption bands in FTIR can be related to the degree of preferential orientation of AlN thin film.

1.1.3-Type of defects in AlN

AlN, like any semiconductor materials can't be formed without avoiding defects in its structure. The word defect is used here to point to imperfection in the crystalline material that interrupts the regular pattern of the material crystallography. This interruption locally alters the atomic and the electronic structure and results in modifications in the macroscopic properties of such material. The type and density of the defects depend mainly on the preparation methods and conditions. The functional properties and the electronic structure of semiconductor devices critically rely on the type of these defects. Therefore, controlling the performances of such devices can be achieved by understanding and managing the native and impurities defects. It has been reported that the type of defects can be classified into[26]: point defects (e.g. vacancies, interstitial and anti-sites), line defects (e.g. dislocations), planar defects (e.g. grain boundaries) and Bulk defects (e.g. pores, cracks and voids). Line, planar and bulk defects can be strongly minimized and avoided by taking care and optimizing the experimental conditions. However, the point defects as well as some impurities can't be totally avoided. Thus, it is of great importance to understand their behavior. It has been noticed that the existence of point defects/impurities to certain limit is not detrimental. In contrast, in some cases, the defects are intentionally added to the semiconductor materials to enhance a desired functional property. For example, small amount of boron or phosphorous impurities are added to pure silicon to increase the concentration of the charge carriers (holes or electrons respectively) and improve the electric conductivity of silicon. [27][START_REF] Fourmond | Electrical properties of boron, phosphorus and gallium co-doped silicon[END_REF] Alternatively, generation of point defects can be used as a mediator to transfer the energy, radiatively or nonradiatively, to optically activate rare earth ions inside semiconductor.

Hence, the optical properties can be enhanced. [START_REF] Sobolev | Defects and their influence on the luminescence of rare-earth ions implanted in single crystal Si[END_REF][START_REF] Kenyon | Recent developments in rare-earth doped materials for optoelectronics[END_REF] Therefore, understanding the behavior of defects opens the door to control and tailor the material properties.

More precisely, the effect of point defects and their complexes in AlN on electronic and atomic structures have been extensively studied. [START_REF] Stampfl | Theoretical investigation of native defects, impurities, and complexes in aluminum nitride[END_REF] Stampfl et al used the density functional pseudoptential method calculations to investigate the native and impurities defects in AlN.

The formation energy and the charges of the defects have been considered during their study.

They found that the most pronounced native defects that have lowest formation energy in ntype and p-type AlN are V Al and V N especially the triply negatively and triply positively charged; respectively. In wurtzite AlN, V Al acts as an acceptor center near the valance band maximum (VBM) while V N acts as a deep donor level below the conduction band minimum.

In addition, the authors also demonstrated that both kind of defects induce the same geometrical interruption in the atomic structure that leads to outward moving for the nearest neighboring atoms with different percentage from the ideal position depending on the defect charge state. Moreover, the two defects act as compensation centers that prevent to achieve successful n-type or p-type doping. Regarding the impurities defects, the dominant unintentional impurity in AlN is Oxygen. It was found that oxygen in AlN matrix substitutes nitrogen site to form O N + defect that has low formation energy. In addition, when O-atoms incorporated inside AlN, each 3 O-atoms that substitute N-atoms generate one Al vacancy (V Al ), since they enter as (V Al Al 2 O 3 ) phase. After that, the two defects V Al and O N form an energetically favorable defect complex (V Al -O N ) 2-/-. [START_REF] Sedhain | Photoluminescence properties of AlN homoepilayers with different orientations[END_REF][START_REF] Bickermann | Point defect content and optical transitions in bulk aluminum nitride crystals[END_REF] There are many reports on the influence of oxygen in AlN on the optical properties of AlN. For instant, G. A. Slacket al [START_REF] Slack | Some effects of oxygen impurities on AlN and GaN[END_REF] reported on how the oxygen concentration can influence on the optical and thermal conductivity of AlN material. It is found that understanding the behavior of such oxygen related defects is essential for manipulating the properties of AlN, in particular the optical response.

1.1.4-AlN: Preparation methods

There are many growth methods that can be used to prepare AlN thin films. Researchers everywhere have screened several techniques in order to study the different growth mechanisms and the correlation with the functional properties of AlN. For instance, the most common methods are pulsed laser deposition (PLD) [START_REF] He | Preparation of nearly oxygen-free AlN thin films by pulsed laser deposition[END_REF][START_REF] Vispute | Epitaxial growth of AlN thin films on silicon (111) substrates by pulsed laser deposition[END_REF], chemical vapor deposition (CVD) [START_REF] Mizuho | Epitaxial Growth of Aluminum Nitride on Sapphire Using Metalorganic Chemical Vapor Deposition[END_REF] and physical vapor deposition (PVD). [START_REF] Xie | Effect of process pressure on PVD AlN thin film[END_REF] Within PVD method, reactive magnetron sputtering (RMS) attracted more attention particularly in the industrial field thanks to its low cost, simplicity, large scale production applicability, and the high quality of coatings that can be achieved at low temperature. [START_REF] Copyright | Handbook of Silicon Based MEMS Materials and Technologies[END_REF] More about reactive magnetron sputtering technique and how it works will be addressed in details in the experimental chapter.

1.1.5-AlN: Applications

Thanks to the physical, chemical, mechanical and optical properties of AlN, many applications can be found. For instance, AlN shows excellent acoustic properties due to its high piezoelectric coefficients, in particular d 33 , that provide a chance to enhance the performance of MEMS devices. In addition, for opto-electronic purposes, the wide optical bandgap of AlN of 6.2 eV allows emission of a deep UV wavelength around 200 nm to be obtained. Indeed, an AlN LED with emission of 210 nm has already been reported. [START_REF] Taniyasu | An aluminium nitride light-emitting diode with a wavelength of 210 nanometres[END_REF] Moreover, the high thermal conductivity of AlN, about 300 [START_REF] Wieg | Broadband white light emission from Ce:AlN ceramics: High thermal conductivity down-converters for LED and laser-driven solid state lighting[END_REF] and 130 W/mK [START_REF] Park | Thermal conductivity of AlN thin films deposited by RF magnetron sputtering[END_REF] in bulk and thin film respectively, is of particular interest in high temperature working devices.

Furthermore, manipulation of optical properties of this optically transparent material represents an important challenge for future applications, especially in optical quantum circuits. Three functional properties are of primary importance for this purpose. First, c-axis out of plane orientation of AlN thin film is essential for exploiting its largest second order nonlinearity for wavelength conversion and electro-optical effects. Second, the high ordinary refractive index (typically 2.1) of AlN deposited on Si wafer is a prerequisite for realizing low loss in silicon integrated AlN photonic circuits. [START_REF] Xiong | Low-Loss, Silicon Integrated, Aluminum Nitride Photonic Circuits and Their Use for Electro-Optic Signal Processing[END_REF] This high refractive index allows to strongly confine the light for long distance leading to emergence a non-linear optical effect on chip scale. [START_REF] Stegmaier | Mode control and mode conversion in nonlinear aluminum nitride waveguides[END_REF] Third, the wide range of AlN transparency (bandgap close to 6 eV) can be exploited for wide operation band devices from UV to IR wavelengths. Combining the above features together make AlN an excellent candidate for integrated nonlinear optics. Exploiting the high transparency in UV-visible range of AlN combined with its dielectric properties, make AlN is an excellent host material for transition and rare earth elements for magnetic and optical investigations. Therefore, the following sections will be dedicated to the characteristics of doped AlN.

2.1-Rare-earth elements

The name rare-earth consists of two parts; the first part rare refers to the difficulty to find these elements in pure minerals or free metals phases not to its relative abundances in the earth's crust. It is more abundant than silver and lead. In addition, these materials co-exist in oxides which indicate the difficulty to separate them from each other. This is the meaning of the second part of the name; earth, where the Greeks defined earth as the material that couldn't be further changed by heat. [START_REF] Barrett | The Structure of Rare-Earth Metal Surfaces[END_REF] 

2.1.1-Electronic structure and transitions of REs

Rare-earth metals defined as the 15 lanthanides located below the main body of the periodic table plus Scandium and Yttrium elements as shown in fig. (1.6).

Fig (1.6): The periodic table. [START_REF] Barrett | The Structure of Rare-Earth Metal Surfaces[END_REF] These lanthanide elements are characterized by occupancy of the 4f level by electrons (from 0 in La to 14 in Lu). The properties that depend mainly on the occupancy of 4f level make the interest of lanthanides. Although, the term Lanthanides in general is restricted to the 14 elements from Ce to Lu that contain partially or totally filled 4f electrons, Scandium (Sc), Yttrium (Y) and lanthanum (La) can be considered in the same group. They exhibit similar chemical and physical properties to the 14 lanthanides elements although they haven't any electrons in the 4f level. The reason behind joining these three elements is the analogy of their electronic configuration of the outer shell three electrons with the lanthanides; (3 d 4s) 3 for Sc, (4 d 5 s) 3 for Y and (5d 6 s) 3 for La. Thus, it shares all the lanthanides properties that are not depend on the 4f electrons. As we are interested in this work by the optical properties of cerium and ytterbium, we will focus our attention on the properties of the 14 lanthanides elements that contain electrons in its f orbital. [START_REF] Atwood | The Rare Earth Elements: Fundamentals and Applications[END_REF] Although, the lanthanide elements have similar basic electronic structures, the small differences between the individual elements result in diversity in their properties, in particular the optical behaviors. Therefore, in order to understand the basic characteristics of lanthanides, the electronic configuration should be considered. In the following table (1.2), all the lanthanides' electronic configurations in metallic and ionic forms have been stated.

Table (1.2): Lanthanides electronic configuration of the metal and the valence states +3,+4,+2. [START_REF] Cotton | The Lanthanides -Principles and Energetics[END_REF] It is noticed that all the lanthanides share the xenon core electrons' configuration Then, the rest of electrons are placed in 6s and 4f orbitals except four elements, namely La, Ce, Gd and

Lu that sharing one electron in the d orbital lead to more energetic stability and result in empty 4f (La), half-filled 4f (Gd) and fully-filled 4f (Lu). The filling sequence of electrons from La to Lu in the outer-shells follows energetic stability concept. In addition, It was found that 4f electrons are spatially localized lying in the core of the REs while 5s and 5p orbitals are spatially extended, see for example fig (1.7) for Gd. [START_REF] Atwood | The Rare Earth Elements: Fundamentals and Applications[END_REF] Fig (1.7): Radial charge density of valence orbitals of Gd + . [START_REF] Atwood | The Rare Earth Elements: Fundamentals and Applications[END_REF] In addition, the filled 5s and 5p outer shells are efficiently shield the 4f electrons from the surrounding ligands result in weak crystal field strength that can be strongly perturbed the 4f states. Moreover, this shielding property results in the f orbitals don't participate in the formation of valence bonds, hence the valence of REs is determined by s and p orbitals. [START_REF] Mezdrogina | Emission from rare-earth ions in GaN wurtzite crystals[END_REF] As a consequence, f-f absorption spectra are very narrow which raises questions about the lanthanides' energy levels. It is worth noting that 4f-4f transition are exhibiting electric dipole transition although its parity is forbidden. [START_REF] Judd | Optical Absorption Intensities of Rare-Earth Ions[END_REF][START_REF] Ofelt | Intensities of Crystal Spectra of Rare-Earth Ions[END_REF] There are experimental evidences showing that the 4f-4f transition strongly matches with the electric dipole transition principle.

Therefore, Judd [START_REF] Judd | Optical Absorption Intensities of Rare-Earth Ions[END_REF] and Ofelt [START_REF] Ofelt | Intensities of Crystal Spectra of Rare-Earth Ions[END_REF] reported that there is a probability of mixing states with the higher electronic levels of opposite parity (e.g. d-orbital). This arises from the asymmetric local environment around the RE results in perturbation in the crystal field that lead to partially allowed the electric dipole of these transitions. As a consequence, models for the 4f energy levels transitions became necessary. The most effective model used up to date was reported by Dieke [START_REF] Dieke | Spectra and Energy Levels of Rare Earth Ions in Crystals[END_REF] and is called Dieke diagram, provides the energy of the sub-splitting levels of RE 3+ in different matrices. Hence, the origin of the electronic transition of lanthanides has been addressed and matched with the experimental luminescence results obtained from these ions.

In the following section some general basic concepts about the luminescence will be given before getting through the luminescence characteristics of lanthanides.

2.1.2-Luminescence principles

 Terminology

The difference between the common terms luminescence and incandescence is that, both are refereeing to emission of light but luminescence is related to emission of light from a cold body while incandescence is related to hot body (like sun or tungsten lamp). Hence, a cold body can be undergo luminescence process if stimulated by any means (except heat) to emit light. This stimulation process is called excitation. As a result, the type of luminescence action is classified according to the kind of excitation process. For example, the excitation can be performed by light (Photoluminescence), injection of electric current (Electroluminescence), bombardment of electron (Cathodoluminescence), bombardment by ionizing radiation (Radioluminescence), chemical reaction (Chemoluminescence) or by mechanical stress (Triboluminescence).....etc.

[50] Therefore, the excitation process determines the type of luminescence as well as the mechanism by which the light is emitted. The following section is focused on the photoluminescence process as it is the main subject of this work.

 Photoluminescence (PL)

PL is the most popular method for obtaining light from a luminescent material and usually divides into two main categories: fluorescence and phosphorescence. [START_REF] Aydin | Vibroelectronic Properties of Functionalized Single-Walled Carbon Nanotubes and Double-Walled Boron Nitride Nanotubes[END_REF] Both are concerning to light emission from a sample after absorbing (excitation by) light, but the main different between them is the decay time, i.e. how long time takes between the excitation and emission.

Phosphorescence is a slower process than fluorescence. The reason behind the difference in the time scale between the two processes is the occupancy of forbidden state by the excited electron in the case of phosphorescence materials. Fig (1.8) shows a schematic diagram illustrates the two processes. Luminescent materials should be excited by absorbing energy equal to the energy difference between the ground and excited state. In case of fluorescence, a deactivation (relaxation) process occurs from the excited singlet state to the ground singlet state (spin allowed process i.e. S 1, 2 states to S 0 ). In contrast, phosphorescence is a transition from excited triplet state to the singlet ground state after a non-radiative intersystem crossing process. That is why phosphorescence process takes longer time.

[52] The probability of which process is dominating or which mechanism will be followed by the substance mainly depends on the electronic structure of the material and how it can be modified under the experimental conditions. Since, the luminescence properties are strongly dependent on the electronic structure for each material. So, the luminescence characteristics are unique property for each substance. Therefore, one can find a group of elements that share the same electronic structure having quite similar luminescence properties. This is the case of our study on lanthanides.

As mentioned before, all Lanthanides have similar electronic structure except the slight differences of Ce, Gd and Lu. Also, all the RE 3+ ions-the most stable valence state-exhibit luminescence through f-f transitions except Ce 3+ that shows f-d transition. There are other elements like Eu 2+ , Yb 2+ and Sm 2+ with stable +2 state exhibiting f-d transitions under certain conditions. Thus, Ce 3+ is a unique RE 3+ with luminescence properties originated from the f-d transition.

 Luminescence mechanism

As seen in the previous section, how luminescence takes place, is very simple way as follows:

the radiation absorbed by the material under investigation results in excitation of its electrons to excited states. Then after a certain characteristic time (excited state lifetime) it returns to the ground state by losing the absorbed energy through radiative process (emission) and/or nonradiative process (heat). The competition between the radiative and nonradiative processes determines the luminescence efficiency of the emitting species. However, finding and understanding the correct mechanism explaining how a specific emitting center (activators like REs, transition metals or even semiconductors materials) behaves and emits light is quite complicated. Many parameters should be considered to study a luminescent material. Some of these parameters are basic like the excitation spectra, radiative and nonradiative probabilities, the absorption cross section, the lifetime of the excited states and the energy transfer mechanisms For example, in some cases the activator doesn't absorb the excitation energy directly but via different indirect ways. For instance, energy transfer process is the well established mechanism used to excite some activators indirectly. In such systems, another species called sensitizer (S) (sometimes the host material or another ions) is responsible to absorb then transfer the excitation energy to the activator (A) that , in turn, emits the light, as shown in the simple schematic diagram fig (1.9). This illustrates the rather complicated nature of the luminescence process. It is essential to understand the physical role of the above processes in order to explain the luminescence results. Particularly with REs, It was found that the luminescence of most of lanthanides comes from the partially allowed electric dipole 4f-4f transitions which are shielded by the outermost valence orbitals as mentioned in (beginning of rare earth section).This results in very weak direct absorption cross section of these ions. Hence, another indirect excitation method is needed. For this reason, in order to efficiently excite the lanthanides, another species is required to absorb the excitation energy and transfer it to the lanthanides ions. This process is called "sensitization" and the species used for the energy transfer is called "sensitizer" (energy donor) while the emitting lanthanide ion is called "activator" (energy acceptor).

The energy transfer mechanism is the most acceptable process used to explain the indirect excitation of rare earth ions doped in different hosts. Therefore, a brief introduction about the energy transfer phenomenon is given in the following section.

 Energy transfer mechanisms

Two energy transfer mechanisms are proposed for donor-acceptor energy transfer, the Dexter and Förster energy transfer mechanism. [START_REF] Uitert | Energy Transfer Between Rare-Earth Ions[END_REF][START_REF] Dexter | A Theory of Sensitized Luminescence in Solids[END_REF] In the case of Dexter mechanism, the energy is transferred via electrons exchange between the donor and acceptor. The electron in the excited state of the donor can be exchanged by one in the ground state of the acceptor, resulting in excited acceptor. In other word, the electron in the excited donor hops to the excited state of the acceptor result in excited acceptor and an electron from the ground state of the acceptor hops to the ground state of the donor.

In this case of Förster energy transfer, the energy is transferred from the excited donor to the acceptor nonradiatively via dipole coupling. Figure (1.10), illustrates the two kinds of mechanisms. It is worth mentioning that both mechanisms are mainly depending on the spectral overlapping and the inter-distance between the donor and the acceptor. 

 Luminescence decay rates

One of important characteristic emission features is the luminescence deactivation (decay) rate. According to the quantum mechanics theory, it is noticed that the luminescence loses its intensity spontaneously after the excitation and returns back to the ground state after certain time. This process, called the luminescence decay rate, is characteristic for each luminescent species and brings many information about the excited level and the way this level deactivates.

[55] As there are two pathways for a substance to deactivate the excited state either radiatively and/or nonradiatively, knowing the decay rate can lead to estimate the quantum efficiency of the material as well as the energy transfer efficiency if any. One popular way to figure out the decay rate is the time resolved photoluminescence experiment (TRPL). In this case, the evolution of the PL intensity is recorded as a function of time after pulse excitation. After that, by fitting the experimental results of the TRPL, the deactivation constant corresponding to the observed decay rate (called the total decay rate k tot ) can be estimated. The total decay rate is considered as a summation of the radiative k rad and the nonradiative decay k nonrad , as in the equation (1.1),[55]

k tot = k rad. + k nonrad. , (1.1) 
The radiative decay rate can be calculated by solving the rate equation of the spontaneous emission.

[55] Then, the nonradiative decay rate can be estimated. The quantum efficiency QE of the emitting material, which is the relative amount of emitting photons to the absorbed photons, can be calculated using the following equation; [55] QE= k rad /( k rad + k nonrad ), (1.2) QE tells us about the amount of absorbed energy transformed to emitted light.

After the above information about the basic characteristics of the luminescence process, in the following we are going to focus on the REs behavior as luminescence centers in solid hosts.

2.1.3-Rare earth doped in solid hosts (semiconductor/insulators)

Rare earth-doped solid hosts attract great attention from luminescence devices point of view by combining the luminescence properties of REs with the electronic features of the host matrix. It also attracts a particular interest in the field of integrated optoelectronic devices.

Rare earth based-devices have extended to cover many sectors from energy harvesting (e.g. solar cell) moving on telecommunications to lighting devices (e.g. lasers and displaying units). Although, the trivalent REs are of a great technological interest due to their sharp emission lines, some divalent REs ions that exhibit broad emission (e.g. Sm +2 and Eu +2 ) find their way to the devices required broad band emission such as w-LEDs. As consequence of shielding the 4f electrons by 5s and 5p electrons, it is believed that the electronic energy levels of the 4f are influenced mainly by the spin-orbit interaction while the electron phonon coupling with the host becomes weak. Nevertheless, the energy levels of intra-f electrons have been found slightly affected by the applied crystal field. [START_REF] Kenyon | Recent developments in rare-earth doped materials for optoelectronics[END_REF] For instance, this can be observed in the difference of the emission lines and photoluminescence excitation of Er doped hexagonal and cubic GaN, which referred to the difference in the local symmetry around Er ions. [START_REF] Stachowicz | Crystal field analysis of rare-earth ions energy levels in GaN[END_REF]Hence one can conclude that, although the strong shielding of the intra-f electrons of the REs, the significant influence of change in the local environment around it cannot be excluded.

2.1.4-Issues related to the luminescence of RE-doped solids

Beside the luminescence behavior, incorporation of rare earth in solid hosts raises some key questions about the lattice location of the RE inside the host and the kind of interaction with the host material. In the following section some of these points will be briefly covered.

 RE site location in the host lattice structure

As mentioned before, the local environment around the RE in the host material can induce modifications in the electronic structure of the RE. These modifications, sometimes, are of great importance such that it can modify the optical response of the RE by altering the transition probabilities of the electronic levels. For example, Steckl, A.J. et al [START_REF] Steckl | Prospects for rare earth doped GaN lasers on Si[END_REF][START_REF] Park | Site specific Eu3+ stimulated emission in GaN host[END_REF],

demonstrated how the Eu lattice site can play a role in changing the emission wavelength, emission cross section and the PL decay rate of two different Eu sites in GaN, as shown in fig (1.11). [START_REF] Park | Site specific Eu3+ stimulated emission in GaN host[END_REF] They attributed their results to the different local environment for each site.

Fig (1.11): Schematic diagram for the two proposed sites of Eu in GaN. [START_REF] Park | Site specific Eu3+ stimulated emission in GaN host[END_REF] More precisely, the Eu ions located very close to the center of Ga substitution site (Eu y ) are subjected to the local symmetry and participate to the spontaneous emission with low emission cross section. In contrast, the Eu ions located in interstitial-like site (Eu x ) suffer from a distorted local environment and contribute in stimulation emission with high emission cross section. Furthermore, Gan, L., et al [START_REF] Gan | Multiple doping structures of the rare-earth atoms in [small beta]-SiAlON:Ce phosphors and their effects on luminescence properties[END_REF] attributed the effect of the crystallographic site of Ce on the structure and the luminescence properties of β-SiAlON:Ce phosphor to the different number of coordination with the surrounding N(O) atoms. Their experimental observations proposed three locations for Ce ions in this phosphor: two of them are in the interstitial sites with 6 and 9 coordination numbers and the third one is in substitution site for Si(Al) atoms.

These different coordinations with Ce lead to structure and luminescence wavelength modifications. However, in general the common location of RE in the crystal hosts, in particularly at high concentration of RE, is segregation close to the grain boundaries due to the large ionic sizes of the REs and the less rigid structure at the crystal grain boundaries. [START_REF] Wang | Grain Boundary Films in Rare-Earth-Glass-Based Silicon Nitride[END_REF][START_REF] Sourty | Atomic-scaled investigation of structure-dependent luminescence in Sialon:Ce phosphors[END_REF][START_REF] Takeda | Local Structure Analysis in Nitride and Oxynitride Phosphors[END_REF] Therefore, the dependency of the luminescence of such phosphors on the local structure of the RE opens the door for intensive structure investigations in order to better understand the luminescence from atomic scale point of view.

 RE ion-host interaction

One of the most important process results from the RE ions-host interaction is the multiphonon relaxation. In this process, the emitting photons energy are used to excite the vibration modes of the host material instead of de-activate via radiative pathways which, in turn, lead to luminescence quenching or suppression some of optical transitions in the activator. Generally speaking, the contribution of multiphonon relaxation can be estimated considering the phonon cut off energy of the matrix relative to the energy of the emitting photons of the activator. If the phonon cut off energy is higher than 25% of the photon energy, complete luminescence quenching can be occurred. In contrast, if the phonon cut off energy less than 10% of the photon energy, the multiphonon relaxation can be neglected. Between 10% and 25%, quenching is temperature dependent. Thus, the prior knowledge about the phonon energy of the matrix and the optical transition of the activators is essential for appropriate selection of good matrix for certain activator. For example, in case of erbium doped silica matrix, the phonon cut off energy of silica is 1100 cm -1 then erbium optical transition I 13/2 -I 15/2 emitting at 1535 nm (6500 cm -1 ) is weakly quenched at room temperature (1100/6500 = 16%). In contrast, the erbium transition I 11/2 -I 13/2 at 2700 nm (3700 cm -1 ) is totally quenched by multiphonon (non-radiative) relaxation (1100/3700= 30%). [START_REF] Shinn | Optical transitions of Er 3+ ions in fluorozirconate glass[END_REF] Therefore, low phonon cut off energy host matrices are desirable to avoid such unwanted multiphonon relaxation. It is worth to note that the maximum phonon energy of AlN material is about 700 cm -1 , which is low and compatible with many of rare earth ion transitions. In other words, the multiphonon relaxation process in AlN starts to have a very weak role for optical transitions at 7000 cm -1 (i.e. 10% of the optical transition energy).

 RE ion-ion interactions

Ion-ion interaction process is a well known and characteristic phenomenon taking place with the RE ions. [START_REF] Miniscalco | Erbium-doped glasses for fiber amplifiers at 1500 nm[END_REF] This process can occur between similar RE ions, for instance at high RE concentrations, and in some case leads to luminescence quenching due to re-absorption process or can lead to RE oxidation conversion by electron exchanges. [START_REF] Nicoara | Concentration distribution of Yb2+ and Yb3+ ions in YbF3:CaF2 crystals[END_REF] On the other hand, the same process can occur between two different RE ions in order to sensitize one RE ion by another one. In a well managed sample doped by two different REs, one of them can absorb the excitation pump and transfer the energy to the other ion, which opens several pumping schemes for the sample. [START_REF] Vila | Mechanism of the Yb-Er energy transfer in fluorozirconate glass[END_REF][START_REF] Hinojosa | Energy back transfer, migration and energy transfer (Yb-to-Er and Er-to-Yb) processes in Yb,Er:YAG[END_REF][START_REF] Wang | Energy transfer in Ce, Nd, and Yb co-doped YAG phosphors[END_REF][START_REF] Chen | Near-infrared quantum cutting in Ce3+, Yb3+ co-doped YBO3 phosphors by cooperative energy transfer[END_REF] 2.1.5-Rare earth-doped semiconductors (RE-Sc)

RE-doped semiconductors have attracted great attention from the scientific and industrial societies in order to integrate the RE emission in microelectronic technology. Combining the advantages of the electronic structure of semiconductor as well as its compatibility to the chip technology with the emission properties of the RE will open the door to new and wide spread lightening technology. Exploiting these features has been reflected in many applications especially in color displays and flat panel technologies. RE-doped silicon is the most studied system in this direction due to the compatibility of silicon with silicon microelectronic fields.

However, silicon has serious drawbacks like having indirect bandgap which leads to significant unwanted non-radiative processes. Moreover, its low bandgap value (1.12 eV) makes the doping with RE ions is limited to few elements that emit in the IR region.

[70]

Therefore, intensive research for new semiconductor hosts has been stimulated to overcome the silicon drawback points. The main characteristics that should be considered during searching for new hosts are: the compatibility with the silicon substrates, the direct bandgap (to reduce the non-radiative process) and the wide bandgap value (to cover the visible light range). It was found that III-V semiconductor compounds efficiently offer the integration compatibility with the silicon microelectronic technology. [START_REF]III-V Compound Semiconductors: Integration with Silicon-Based Microelectronics[END_REF] Among them, III-nitride compounds attract particular interest, especially GaN and AlN due to their direct and wide bandgap properties, see fig (1.12).

Fig (1.12): Bandgap values for wurtzite and zinc blend structures of InN, GaN and AlN and their alloys as a function in the lattice constant (a). [START_REF] Hanada | Basic Properties of ZnO, GaN, and Related Materials[END_REF] It can be seen that, wurtzite AlN has a large bandgap close to (6.2 eV) that gives the advantage to cover the UV-visible range with less thermal quenching of the luminescence.

Therefore, many research groups exploited this advantage of AlN to start to figure out the behavior of RE in AlN, especially to promote UV-Vis light emission. Many rare earth elements have been used as activators in AlN host materials. Most of lanthanide elementsdoped AlN have been reported and cover the light spectrum from UV (Gd), [START_REF] Kita | Thermal annealing effects on ultra-violet luminescence properties of Gd doped AlN[END_REF] blue (Ce, Eu, Tm), [START_REF] Lozykowski | Luminescence and excitation mechanism of Pr, Eu, Tb and Tm ions implanted into AlN[END_REF][START_REF] Liu | Blue Emission by Interstitial Site Occupation of Ce 3+ in AlN[END_REF] green (Tb), [START_REF] Wang | Bifunctional AlN:Tb semiconductor with luminescence and photocatalytic properties[END_REF] yellow (Dy), [START_REF] Weingärtner | Thermal activation, cathodo-and photoluminescence measurements of rare earth doped (Tm, Tb, Dy, Eu, Sm, Yb) amorphous/nanocrystalline AlN thin films prepared by reactive rf-sputtering[END_REF] red (Sm, Eu) [START_REF] Weingärtner | Thermal activation, cathodo-and photoluminescence measurements of rare earth doped (Tm, Tb, Dy, Eu, Sm, Yb) amorphous/nanocrystalline AlN thin films prepared by reactive rf-sputtering[END_REF] to IR (Yb, Nd) [START_REF] Wieg | Nd:AlN polycrystalline ceramics: A candidate media for tunable, high energy, near IR lasers[END_REF][START_REF] Koubaa | Spectra and energy levels of Yb3+ in AlN[END_REF] which highlights the versatility and the efficiency of AlN host material. Also, AlN has been conducted to several final forms such as thin films, powders [START_REF] Liu | Blue Emission by Interstitial Site Occupation of Ce 3+ in AlN[END_REF] and bulk ceramics. [START_REF] Wieg | Broadband white light emission from Ce:AlN ceramics: High thermal conductivity down-converters for LED and laser-driven solid state lighting[END_REF] Moreover, from microstructure point of view, RE-doped AlN has been reported in different microstructures; amorphous, [START_REF] Zanatta | Optoelectronic and structural characteristics of Erdoped amorphous AlN films[END_REF] polycrystalline [START_REF] Merkle | Fluorescence of Er3+:AlN polycrystalline ceramic[END_REF] and single crystal. [START_REF] Ishikawa | Atomic Structure of Luminescent Centers in High-Efficiency Ce-doped w-AlN Single Crystal[END_REF] With these many reports of using RE-doped AlN for lightening purposes, the need to gain deep understanding of the optical behavior of these RE inside AlN and III-nitrides in general became highly desired. The most important process that allows exploring the luminescence behavior of phosphor is the excitation mechanisms. However, the buried nature of f-f levels in the core of most of RE ions makes the excitation mechanisms of the REs became a hot debate topic.

Different theories have been established to understand and explain how these levels can be excited, which will be the main point of discussion in the following section.

 Excitation mechanisms of REs-doped III-V semiconductors

Understanding the excitation mechanism of rare earth doped III-nitrides is essential for better interpretation of the luminescence properties and enhances our fundamentals about these materials. Although, large part of research in this regard was devoted to find and draw a general excitation mechanism responsible for the excitation of the optically active rare earth ions in semiconductors, the exact mechanism is still ambiguous. However, we believe that the excitation mechanism of RE-doped III-nitrides shouldn't be generalized. It can be studied case by case due to the various possible ways to deliver the excitation energy to the REs ions. One of the highest obstacle to understand the excitation mechanism of the core 4f levels in RE 3+ is the deep lying position of these levels shielded by the outer 5s and 5p orbitals, which make the energy delivering process is quite difficult.

However, in general, the excitation mechanisms can be divided into main categories: direct and indirect processes.

I-Direct excitation mechanism:

In this procedure, the pumping is chosen to be resonant with the energy difference between the ground and excited states of the 4f levels in the RE. But as mentioned earlier, due to bury these 4f levels in the core of the RE, results in very low absorption cross section. This makes the direct method is inefficient for the excitation. However, in some cases it can be used because of its simplicity as well as due to the advances in diode laser technology providing several wavelengths at different areas in the light spectrum that can directly pump many REs ions. [START_REF] Lavi | Efficient pumping scheme for neodymium-doped materials by direct excitation of the upper lasing level[END_REF][START_REF] Sangla | Nd:YAG laser diode-pumped directly into the emitting level at 938 nm[END_REF] 

II-Indirect excitation mechanism:

In this method, the excitation energy can be delivered via a mediator called sensitizer. This is a common way used to transfer the energy to the emitting "activator" species. For example, when the absorption cross section of the activator is low in a certain spectral range, an appropriate sensitizer with high absorption cross section in that range can be chosen in order to efficiently transfer the excitation energy to the activator from such spectral region. In REdoped semiconductor, the host and/or another transition metals or RE ions can play the role of sensitizer. In this case, the excitation mechanism becomes quite difficult to understand due to the involvement of different excitation pathways. In the simple approach, the host lattice is used to play the role of sensitizer instead of incorporating other ions because the structure and the optical picture in co-doping system become more complicated.

Here, we focus mainly on the indirect excitation mechanisms by energy transfer from the matrix to the REs in III-nitrides.

 Excitation mechanisms of rare earth-doped III-nitride

Several attempts have been reported to figure out the kinetics of energy transfer from the host lattice to the localized core excited states (4f) of the RE. It has been established and proved by several experimental measurements that RE in III-V compounds replaces the III ion site and acts as isoelectronic structured traps (REI-traps). [START_REF] Vantomme | Lattice Location of RE Impurities in IIINitrides[END_REF] Isoelectronic traps, are such impurities that contain the same outer electronic configurations as the replaced native ions. [START_REF] Faulkner | Isoelectronic Impurities in Semiconductors[END_REF] For example, all RE 3+ exhibit 5s 2 5p 6 outershell electron configuration and the III-column ions have the same s 2 p 6 outer electronic configuration. [START_REF] Lozykowski | Kinetics of luminescence of isoelectronic rare-earth ions in III-V semiconductors[END_REF]Thus, RE 3+ is called isoelectronic impurity when replacing the III-column ions in their compounds. There are two types of isoelectronic impurities; "simple" and "structured". [START_REF] Lozykowski | Kinetics of luminescence of isoelectronic rare-earth ions in III-V semiconductors[END_REF] The simple isoelectronic impurity is considered when the III-column ions are replaced by another ion of the same III-group. For example, it occurs when Al substitutes the Ga site in AlGaN compound. The simple isoelectronic impurities introduce only effective -mass-like states in the forbidden bandgap. In contrast, the structured isoelectronic impurities (e.g. RE 3+ ) introduce local structure and electronic disturbance due to the size and the electronegativity mismatch with the replaced native ion. [START_REF] Lozykowski | Kinetics of luminescence of isoelectronic rare-earth ions in III-V semiconductors[END_REF] Hence, because of this potential disturbance, the REI-traps centers can be electrically active and can trap carriers.

The different excitation mechanisms possibilities can be summarized as follows: [START_REF] Braud | Excitation Mechanisms of RE Ions in Semiconductors[END_REF] I-Direct excitation using light source with photon energy equal the exact energy difference between the ground and excited states of the core level of RE as in path.

II-Indirect excitations from the host lattice to the RE which can be classified to:

 band to band excitation:

In this case, free carriers (e-h pairs) are generated by exciting the electrons from the valance band (V.B.) to the conduction band (C.B.) of the host using either hot electrons (e.g. cathodluminescence and electroluminescence) or resonant pumping photons with energy equal at least the bandgap energy of the host. Hence, free excitons can be formed and interact with the RE by energy transfer. Alternatively, the free exciton energy can be transferred to other localized or extended defects that would play the role of the sensitizer.

 Below bandgap excitation:

Using excitation photons with energy less than the host bandgap energy (below bandgap excitation) would lead to excite localized or extended defects. The excited electrons and/or holes can be captured by the impurities (RE or localized or extended defects) and form bound excitons (BEs) or trapped carrier coupled with free carrier (B-F). The recombination of these BEs or trapped carrier (B-F) can lead also to REs excitation if the released energy is at least equal to the energy difference of the core lying levels of the RE and if the recombined defects are close enough to the RE. In all cases, the RE trap can also participate in formation of the bound exciton or the boundfree carrier mechanisms inside its trap zone. [START_REF] Lozykowski | Kinetics of luminescence of isoelectronic rare-earth ions in III-V semiconductors[END_REF] Hence, one can conclude that the presence of core empty levels buried in the REs ions opens the door for several and new excitations schemes that depend on the pumping regime and the kind of carriers (bound or free or mixed) which determined by the type of impurities and defects. This supports the previous mention of the importance of impurities/defects in the semiconductors that can be turned on to a useful thing. Without these defects, the excitation of RE would be inefficient in most cases.

This work will mainly focus on the optical behaviors of two REs ions (Ce and Yb) doped in AlN as a case study for REs-doped III-nitrides.

2.1.6-Cerium in AlN

As mentioned in the beginning of this chapter, cerium is a unique RE element. It is the first lanthanide element containing one electron in the 4f-orbital. The luminescence properties of its optically active ion (Ce 3+ ) are characterized by fully allowed electric dipole moment 5d-4f.

[88] Thus, it has large absorption cross-section ~ 10 -18 cm 2 compared to the other rare earths characterized by f-f transition ~ 10 -20 cm 2 . [START_REF] Mares | Energy transfer mechanisms between Ce3+ and Nd3+ in YAG : Nd, Ce at low temperature[END_REF] Moreover, It absorbs in UV and emits in UV-VIS range, which is suitable for many applications in this range. Furthermore, involving the unshielded outer d-orbitals in the optical transitions makes the excited electron strongly sensitive with the local field of the environment and leads to the possibility to tune the Ce 3+ luminescence from UV to blue-green-yellow by changing the local environment using different host compositions. [START_REF] Suresh | Blue excitable green emitting Ce3+ doped CaS phosphor for w-LEDs[END_REF][START_REF] Parganiha | Near UV-blue emission from Ce doped Y2SiO5 phosphor[END_REF][START_REF] Jang | Mechanism for strong yellow emission of Y3Al5O12:Ce3+ phosphor under electron irradiation for the application to field emission backlight units[END_REF] This property is very interesting in terms of luminescence engineering technology. Particularly, the promising luminescence property of cerium is the ability to emit blue light that can be used in white light generation technology. So, great potentials have been directed in this regard using Ce in different hosts (glasses, garnet, ceramics and semiconductors). [START_REF] Wieg | Broadband white light emission from Ce:AlN ceramics: High thermal conductivity down-converters for LED and laser-driven solid state lighting[END_REF][START_REF] Kindrat | Spectroscopic properties of the Ce-doped borate glasses[END_REF][START_REF] Nikl | Defect Engineering in Ce-Doped Aluminum Garnet Single Crystal Scintillators[END_REF] The types of hosts can be classified from the elemental composition point of view into several categories: phosphors including oxides (aluminates, silicates, phosphates and borates), sulfides/oxysulfids, fluorides/oxyflurides and nitrides/oxynitride. The common key questions raised about the quality of the phosphors are mainly on the thermal and chemical stabilities as well as the optical stability of the phosphor under the operating conditions. These stabilities limit the selection of the phosphors composition in order to fit the practical applications. For instance, although Ce ions have been mostly used in oxide hosts for lightening purposes, Cedoped nitrides and (oxy)-nitrides offer additional important advantages over the oxide counterpart. Thanks to the low electronegativity of nitrogen atoms compared to the oxygen atoms, the covalent character of nitrides or (oxy)nitride compounds is higher than that of pure oxide counterpart compounds. This makes, in turn, the crystal network structure becomes more rigid and enhances both the thermal and chemical stabilities. [START_REF] Marchand | Nitrides and oxynitrides: Preparation, crystal chemistry and properties[END_REF] Moreover, due to the higher formal charge of N 3-than O 2-, a stronger crystal field splitting is induced and affects the surrounding cations, resulting in shifting the lowest d-orbital of Ce to lower energy. [START_REF] Rong-Jun | Silicon-based oxynitride and nitride phosphors for white LEDs-A review[END_REF][START_REF] He | Dependence of luminescence properties on composition of rare-earth activated (oxy)nitrides phosphors for white-LEDs applications[END_REF] Hence, the excitation and emission of Ce ions can be tuned by modifying N/O ratio and shift it to longer wavelengths, which is suitable for w-LEDs. Among nitrides/oxynitrides compounds, aluminum nitride/(oxy) nitride represents promising candidates as host material activated by the RE, especially that emit in UV-VIS range thanks to its wide bandgap (6 eV).

Moreover, its high thermal conductivity about 300 W/mk [START_REF] Wieg | Broadband white light emission from Ce:AlN ceramics: High thermal conductivity down-converters for LED and laser-driven solid state lighting[END_REF] C for 4 hr) and high nitrogen pressure (0.92 MPa). [START_REF] Liu | Blue Emission by Interstitial Site Occupation of Ce 3+ in AlN[END_REF] An intense luminescence at 600 nm from Ce-doped single bulk AlN crystal synthesized by reactive flux method under high pressure/temperature was also reported. [START_REF] Ishikawa | Atomic Structure of Luminescent Centers in High-Efficiency Ce-doped w-AlN Single Crystal[END_REF]100] The authors succeeded to directly observe the diffusion of single Ce atoms.

[100] Recently, in 2015 and 2016, theoretically demonstrated the modification of the electronic structure of Ce-doped AlN using first principle calculations. More recently, broad band emission from Ce doped AlN ceramic bulk material sintered at (1700 C and 105 MPa) has been reported [41] but experimental evidence of the influence of Ce oxidation state on the emission of Ce-doped AlN is still missing. Hence, deep investigation of Ce-doped AlN thin films, compatible with the chip technology, is particularly desired. Therefore, this work is dedicated to the synthesis and study of the optical properties of crystalline Ce-doped AlN thin films at room temperature deposited on silicon substrate.

2.1.7-Ytterbium in AlN

Yb 3+ is the RE ion that contains 13 electrons in the 4f orbital and its electronic transition is relatively simple compared to other lanthanides. The electronic configuration of Yb 3+ consists of two energy terms F 7/2 and F 5/2 generated by spin-orbit interaction. Although, the core f-f levels are slightly perturbed by the host environment, the F 7/2 and F 5/2 of ytterbium can be splitted into possible 25 sublevels according to theoretical calculations. [START_REF] Koubaa | Spectra and energy levels of Yb3+ in AlN[END_REF] The 

Chapter II Experimental techniques

This chapter is dedicated to describe the experimental techniques that have been used during this thesis. The following sections are focusing on the preparation and samples' characterization techniques. A brief description of the basic principles and set up of the instruments are given. All samples have been prepared in thin film form deposited either on silicon and/or sapphire substrates. The chapter is organized in 3 parts dealing with film synthesis, structure and composition analysis and, finally, optical analysis.

All the used techniques are listed as follows:

For thin film synthesis  Reactive magnetron sputtering (RMS) has been used. The principle of sputtering operation is based on discharge plasma, in high vacuum background, by applying a difference of electrical potential between a cathode (usually where the source material, called "target" is placed) and the anode constituted by the chamber walls in presence of inert (e.g. Ar) and/or reactive gases (e.g. N 2 , O). This induces ionization of part of the atoms in the gas phase. The discharge current controls the flux of positive ions (e.g.

 Thermal annealing process for optical activation

Ar + ) impinging the target while the discharge voltage controls their kinetic energy. Thanks to bombardment of the target material by positive ions from the gas phase (ionized), several processes occur with varying probabilities depending on the discharge voltage. The target atoms sputtered from the target are emitted in all directions; some of them can condensate at the surface of the substrate to form a thin film. Then, the sputtering yield can be defined as the number of sputtered atoms per bombarding particle. In addition, impinging of the positive ions induces electron emission (called secondary electron emission) from the surface of the metallic target. This electron emission is described as a result of neutralization of the ionized ions. This neutralization process released an energy that can be transferred to the target's atoms and results in emission of some electrons to the vacuum. The secondary electron emission is of great importance in understanding the several processes happening inside the plasma and sustaining the discharge. [113][114] Other species are formed when highly energetic ions accelerated to the target and neutralize. These atoms experience collision with the target atoms leading to their backscattering towards the substrate. Other negative ions are generated near to the target's surface and accelerated cross the plasma towards the substrate with high energy equal approximately the target voltage. These very energetic negative ions show significant influence on the growth of deposited film. [114] The term reactive, in reactive magnetron sputtering, is pointing to the gas composition of the plasma, when at least one of its components is reactive. Reactive sputtering allows to produce compound thin films resulting from the chemical reaction between the sputtered atoms and the reactive gas(es) during the condensation process. This is also accompanied by chemical reaction at the surface of the sputtering target. The term magnetron is referring to two magnets of opposite polarities placed under the target. The function of these magnets is to produce above the target surface a magnetic field parallel to the target surface and perpendicular to the electric filed. Thereby, due to Lorentz forces, secondary electrons are forced to follow a complex trajectory and experience more collisions with the background gas before they can be collected by the anode. This will serve the ionization process to be more efficient and to sustain the plasma glowing. The electric field needed for the discharge process can be provided commonly by means of direct current (DC), pulsed direct current (pulsed DC), radiofrequency (RF) or High-power impulse magnetron sputtering (HIPIMS).Then, sputtering process can be named refereeing to the way by the plasma is discharging, e.g. DC-RMS, pulsed-DC RMS, RF-RMS, or HIPIMS, RMS standing for reactive magnetron sputtering.

The schematic of our reactive magnetron sputtering setup is described in fig (2.2). Argon (inert), nitrogen (reactive) and sometime oxygen gases can be used when it is needed. The type of gases and ratios between them are depending on the desired material composition in the final coatings, as well as the stoichiometry of its elements. The observed circular depth area in the middle of the sputtered targets is known as the racetrack region. This is a preferential sputtering area of the target resulting from the high plasma density along this path. The reason behind the circular shape is refereeing to the shape of magnetic field generated above the target due to the planar circular magnetron.

Silicon (100) and Sapphire (0001) substrates have been ultrasonically cleaned in ethanol and fixed at 5 cm distance from the target, facing the target axis. The deposition time was adjusted for each deposition condition and the films thickness was monitored in-situ by laser interferential reflectometry.

In sputtering experiment, several parameters should be considered and controlled in order to adjust and manipulate the growth mechanism of the coating layers. The most common sputtering parameters and their effect on the film processing are given in the following table (2.1).

Table (2.1): sputtering parameters and their effect on the plasma and film processing.

It has been well established that, the experimental parameters of sputtering strongly influence the film growth mechanism that modify the functional properties of the final product. For instance, the crystallites orientation can be modified by tuning the gas composition N 2 %. Fig (2.4) shows x-ray diffractograms AlN thin films deposited using different N 2 % for the same total pressure. Obviously, the crystallites orientation, normal to the substrate is modified from ( 101) to (002) crystallographic planes of AlN parallel to the film surface by tuning the gas composition. This clearly shows how the sputtering conditions are of great importance for manipulating the coating properties. Therefore, the strategy of our work is based on fixing all the experimental conditions but one to examine the influence of this parameter on the film properties. Most of samples have been prepared with 200 nm thickness and few of them with higher thicknesses according to each case.

A thermal probe has been established to measure the substrate temperature at different and ( 2 ,  4 ) correspond to the energy dissipated by the thermocouple and holding wires, respectively.

1.1.2-Thermal annealing of the thin films

A post-deposition rapid thermal annealing (RTA) was used to thermally activate the deposited RE-doped AlN thin films. The annealing process was performed under different atmospheres (nitrogen, argon or forming gas N2/H2 = 90/10) using an oven (RTA Jipelec Jetfirst). The films underwent RTA at 1000 °C for 5 min with rising temperature rate (400 °c/min) and cooling rate (250 °c/min).

2.1Thin film characterization

2.1.1-Structural characterization

2.1.2-X-ray diffraction (XRD)

X-ray is considered as an electromagnetic radiation with very high photon energies (i.e. very short wavelength of few angstroms). Thanks to these very short wavelengths which are comparable to the size of atoms, X-rays are suited for probing the structural arrangement of atoms and molecules in a wide range of materials. When rays incident to a material, some photons are elastically scattered and deflected 'diffracted' from their original direction. These diffracted x-rays carry information about the atomic arrangement in the material. The diffracted waves from different atoms can interfere, and the resultant spatial intensity distribution is controlled by the atomic arrangement. Thus, X-ray diffraction (XRD) technique is considered as a powerful tool to explore the crystal structure of materials. The atomic spacing of crystalline material can be also extracted from (XRD) data. In addition, the shape, intensity, peak width and position of the XRD signal can be used to extract information about the crystal size and the internal stress of sample. The physical concept behind XRD principle is based on Bragg's diffraction phenomenon The distribution of the diffracted waves is governed by the Bragg's law:

2d sin = n  
Where d is the inter-planar distance,is the wavelength of the x-ray,the scattering angle,

and n an integer representing the order of the diffraction peak. Fig (2.6) shows the ideal graphical representation for the Bragg's diffraction process The constructive interference of the diffracted rays occurs when the previous Bragg's condition, equation (2.1), is valid. Then, the inter-planar distance for specific crystallographic planes d can be estimated. The average size of crystallites can be also estimated from the XRD data by using Scherrer's equation: [START_REF] Khan | Texture of the nano-crystalline AlN thin films and the growth conditions in DC magnetron sputtering[END_REF] , (2.2) where k is the dimensionless shape factor, λ the X-ray wavelength, β the line broadening at half the maximum intensity (FWHM) in radians, θ the Bragg angle.

The basic construction of an XRD apparatus (diffractometer) consists of a source of radiation (x-ray tube) followed by a monochromator to select the X-ray wavelength. Set of slits to adjust the shape and size of the x-ray beam are used to illuminate the sample with an X-ray beam of specific section. A sample holder is placed on a goniometer circle to control the sample's center position with respect to the position of the incident x-ray and the detector.

This allows accessing to different geometrical configurations of the measurements.

In this thesis, the crystal structure and growth orientation of the films were analyzed by X-ray diffraction (XRD) in a Brucker D8 Advance system with Cu K α1 radiation (λ= 0.15406 nm) in Bragg-Brentano geometry. A LINXEYE XE linear detector was used that exhibits excellent filtering of K  radiation without the need of secondary monochromator. All samples were positioned on substrate holders and aligned with a reference plane of the holders. Holders were enabled to spin around their vertical axis during measurement with a total integration time of 1 hr.

2.1.3-Transmission electron microscopy (TEM)

TEM is an electron microscopy technique used for material imaging and diffraction purposes.

Electrons are the main probe used in the processes. The TEM principle of work is based on the transmission of electron beam through an ultra-thin specimen. Interactions between these transmitted electrons and the specimen bring specific information about the microstructure, the atomic arrangements, the crystallographic and sometimes the morphology of the investigated materials. The main components of a TEM apparatus are a source of electrons In this work, details of the microstructure were investigated using a JEOL ARM 200-Cold TEM equipped with a field-emission gun (FEG) fitted with a GIF Quantum ER. Most of samples have been pre-prepared in Saarland University (Saarbrucken, Germany) with a focused ion beam (FIB)-scanning electron microscope (SEM) dual beam system (FEI Helios 600) using the 'in situ' lift-out technique.

In the following section, example images obtained with of the abovementioned tools of TEM applied to one of our AlN samples are presented. Bright field and dark field images and SAED are shown in fig. (2.8). It can be observed the difference between the bright and dark field images from the same region. In the dark field image, the bright regions point to the crystallites of same orientation direction to (002) after a diaphragm has been placed to select only this orientation on the SAED. This helps to identify the grains that exhibit the same orientation direction, as well as confirms the growth directions of the prepared AlN films. The SAED itself was obtained by placing a diaphragm limiting the electron-matter interaction to a specific volume of the Bright field image. Then, a qualitative analysis for the area under each peak is corresponding to the amount of each element in the material as shown in the inset table, fig (2.9), for the atomic percentage of (N, Al, O and Ce) elements.

In addition, the inelastically scattered electrons in TEM are used in Electron energy loss spectroscopy (EELS). EELS is a technique dealing with measuring the distribution in energy loss owing to inelastic scattering interactions during exposure of the specimen to a beam of electrons with specific kinetic energy. The amount of measured energy loss provides useful information about the material composition, valence and bonding system, material thickness, and bandgap…etc Using the advantages of electron beam manipulation in TEM such as focusing to very high spatial resolution, EELS analyses of very small volume of material can be implied.

A typical EELS spectrum can be divided into three main regions, see for example an EELS spectrum from an AlN sample in fig (2.10). The first region occurring around 0 eV and characterized by a very narrow peak (0.2-2 eV width) is called the zero loss peak. This peak represents the amount of electrons transmitted without energy loss.

These electrons didn't undergo inelastic interaction with the specimen. Narrower width of this peak means better spectrometer resolution and small energy dispersion of the primary electrons. 

Low loss

The second region is called low-loss region. This region is typically located between 2 and 100 eV and results from inelastic scattering interactions of electrons with conduction or valence band electrons. Under specific experimental conditions, useful information about the electronic structure of material can be extracted from this region. The most predominant band results from plasma resonance of the valence electrons and called bulk plasmon peaks. This appears when the electron beam interacts, and excites the weakly bound outer shell electrons.

The third region, the high-loss region (e.g. core-loss) (ionization edges) contains information about the electrons interacting with core shell electrons of a specimen atom. This core shell interaction causes excitation to the higher unoccupied levels. The EELS signal in this region appears in form of edges and the fine structure of these edges carries information about the chemical bonding with the surrounding.

In this work, the Electron Energy Loss Spectroscopy (EELS) coupled to the TEM instrument has been mainly used to investigate the oxidation states of Ce ions in AlN thin films. For the acquisition of EELS spectra, an acceleration voltage of 200kV, an emission current of 15µAand an energy dispersion of 0.05eV/ch were employed. All EELS spectra were recorded in image mode, with an energy resolution of 0.55eV defined by the full width at half maximum (FWHM) of the zero loss peak.

2.1.4-Rutherford Backscattering Spectrometry (RBS)

RBS is a nuclear analytical technique used to measure the composition of materials. In this technique, a primary ion beam consisting of protons or alpha particles of high energy interact with a sample and is backscattered by the material. The energy distribution of backscattered ions is measured. The backscattering energy depends from two factors: the backscattering cross-section of the primary ion by the elements constituting the sample and the stopping power of the sample electrons. The backscattering cross-section increases with the mass of the nucleus of target atoms and defines the backscattering energy. Elements with different mass scatter ions with different energies, generating separated peaks in the RBS spectra. The peak intensity being proportional to the number of events, it can be used to calculate the elemental composition. On the other hand, the stopping power of electrons decreases gradually the kinetic energy of the primary ions as they penetrate into the material. Therefore, in-depth backscattering occurs at lower energy than at the extreme surface. Consequently, instead of sharp peaks RBS spectra exhibit a plateau for each element whose width and shape is characteristic of its composition profile. The energy spectrum undergoes simulation in order to extract information about the composition of the material with depth resolution as show in fig (2.11).

In this thesis, the compositional analysis was performed by Rutherford backscattering spectrometry (RBS) with a 2 MeV He + beam. The experiments were performed with the 5MV accelerator available at Centro de Microanálisis de Materiales (CMAM) from Universidad Autónoma de Madrid (Madrid, Spain).

2.2-Optical characterization

2.2.1-Fourier transform infrared spectroscopy (FTIR)

FTIR is a spectroscopic technique dealing with the optical absorption of substances in wide range of IR spectrum. A typical FTIR spectrometer consists of an IR source, interferometer, sample holder, detector (amplifier and analog-to-digital converter) and computer. The generated radiation from the source passes the sample through the interferometer to the detector. Then, the signal is amplified and converted to digital. After that Fourier transform analysis is performed. FTIR is a very useful tool to obtain information about the vibration frequencies of the bonding system of materials. These frequencies are fingerprints for the qualitative analyses. The typical IR region used in FTIR is from 400 cm -1 to 4000 cm -1 , which For example, FTIR spectrum of prepared AlN thin film is displayed in fig (2.13). The spectrum consists of a main peak at 681 cm -1 and small peaks from 1050 to 1400 cm -1 corresponding to the different stretching vibrations of Al-N bonds and some other small peaks around 1650 and 3000 cm -1 corresponding to the C-O and H-O bonds vibration due to the surface adsorption of CO 2 and water vapor from the atmosphere, respectively. [116] Fig. (2.13): FTIR spectrum of prepared AlN thin film.

2.2.2-Ellipsometry

Ellipsometry is an optical technique measuring the change in the polarization of transmitted or reflected light from a material This polarization change is represented as amplitude ratio, Ψ, and phase difference, Δ, which are linked to the dielectric properties of a thin layer of material. Therefore, ellipsometry is used to determine the dielectric functions, thicknesses, roughness, anisotropy and crystalline nature… etc Spectroscopic ellipsometry (SE) is considered as an indirect method as it is based on measuring the ellipsometry parameters (Ψ, Δ), then propose a model and fit the data till obtaining the best fit by modifying the model After that, several informations about the material such as the dielectric constants, the roughness, thickness and uniformity of a thin film can be obtained. The experimental configuration of ellipsometry can be found in two modes: transmission or reflection. The basic components of Experimental setup (reflection mode) are shown as in fig (2.14).Simply, a beam of light emitted from light source (lamps) falls on the sample after passing through a polarizer. After the reflection (or transmission) of the light beam from the sample, it reaches to the detector via passing through a second polarizer called "analyzer". The change in the phase difference and the amplitude of the incident polarized light after reflection from the sample are recorded. 

 PL measurements

The PL mechanism is dealing with exciting, giving energy to, some electrons to move from the ground state to excited state (electronic states in the material with different specific energies). After a characteristic time, the excited electrons relax to the ground state and release the absorbed energy in form of light emission (radiative process) and/or heat dissipation (nonradiative process). It is worth to mention that, the optical excitation energy should be equal at least the energy difference between the two transition states. In semiconductor materials, the radiative transition can occur between the valence and conduction bands with energy difference equal to the bandgap or, alternatively, the radiative transitions involve localized defects and impurities. Therefore the PL experiments can help in the identification of specific defects and impurities and to define the characteristics of the bandgap.

The radiative and nonradiative recombination rates determine the PL efficiency of the optical material. Based on the fact that the nonradiative recombination rate is strongly affected by the system temperature, the competition between radiative and nonradiative rates can be studied by analyzing the measured PL intensity under different temperatures, as shown in fig (2.16a).

By plotting the PL intensity as a function of temperature, a temperature-dependent PL curve can be obtained. Then, the obtained data can be fitted, fig (2.16b), with exponential functions using Arrhenius equation [117][118] in order to estimate the so-called activation energy(s). In case of low temperature PL measurement (LTPL), samples were paste on holder attached to cold-finger in opened-cycle N 2 -cryostat. The samples can be cold down to 77 K and the temperature can be controlled by heat controller till 298 K. The cryostat was pumped down to1x10 -3 torr.

In case of power dependence PL experiment, set of neutral density filters are used in front of laser beam allowing us to attenuate the laser power. (

where I(t) is the intensity at time t. Practically speaking, the excitation source in TRPL experiment should be pulsed with pulse duration and repetition rate less than the investigated dynamics of the material, as depicted in fig (2.18). This is in order to correctly de-convolute the contribution of the excitation source signal from the detected signal corresponding to the dynamics in the material. In addition, it is favorable that excitation pulse is not too intense in order not to saturate the excited state population. Based on that, for samples with low PL intensity, higher resistance can be used to enhance the signal/noise ratio (S/N). On the other side, the response of the PMT is proportional to the characteristic response time τ of the internal capacitance C (τ= RC). This means that, increasing the resistance to enhance S/N ratio results in increasing the characteristic response time τ as well This will lead to increase the lowest detection limit of time scale of the system. Thus, samples with decay times shorter than the characteristic response time τ of the system cannot be determined due to the overlapping between the two decay times. Therefore, it is important to compromise between the S/N ratio and the characteristic decay time of the system with respect to the decay time of sample, especially in samples with low PL intensity and fast decay rates. In addition, the S/N ratio can be strongly improved by accumulating and averaging the detected signal up to hundreds of times.

 Photoluminescence excitation (PLE)

In order to explore the optical excitation mechanism of luminescent material, photoluminescence excitation (PLE) experiment is considered a useful tool in this regard.

PLE is a specific type of photoluminescence experiment, in which the electronic levels of the material can be probed. In such experiment, the excitation wavelength is varied and the emission intensity is monitored at certain emission wavelength. The bands in the PLE spectra can be considered as absorption bands that contribute in excitation of certain emission wavelength.

The experimental setup of PLE is similar to the PL setup with some modifications as depicted in fig. (2.20). A xenon Lamp with broad emission spectrum is used as excitation source. Two monochromators are used, one (called excitation monochromator) works in scanning mode to disperse the excitation light to separate successive wavelengths. The second is called emission monochromator and adjusted to detect only the monitored emission wavelength. 

Abstract

Although the main purpose of this thesis is to investigate the optical behavior of rare earthdoped AlN thin films, it is convenient to begin the study by having some practical experience about the host "undoped AlN" properties before the doping step. It is really important to explore the structure and the optical properties of prepared AlN thin film to be used as a reference and compare the changes after embedding the RE. Therefore, this chapter is dedicated to examine the structure and the optical properties of AlN thin film prepared by reactive magnetron sputtering technique. The strategy of this chapter will be as follows: First, brief introduction on the correlation of the sputtering conditions and the functional properties of AlN is given. Secondly, the correlation between the sputtering conditions, the crystallographic orientation, the morphology, the microstructure and the optical properties will be discussed. Third, the optimum experimental conditions that will be used during this work are presented. Finally, chapter's conclusion is stated.

1.1-Introduction

It has been found that sputtering conditions have a strong impact on the functional properties of AlN films. [121][122][123] For instance, the residual stress of AlN films is influenced by the total pressure such that the films usually undergo stress transition from compressive to tensile mode when the gas pressure is increased.

[124] Hardness and elastic modulus of AlN films have been found to be affected by the total pressure as well.

[125] Moreover, the surface roughness that has a direct influence on the performance of the surface wave propagation in acoustic wave devices is also affected by the sputtering conditions. Takeuchi et al.[126]demonstrated that increasing the sputtering power leads to rougher film surface.

Furthermore, the optical and acoustic performances of AlN films are strongly depending on the crystallographic orientation. Taniyasu et al. [START_REF] Taniyasu | An aluminium nitride light-emitting diode with a wavelength of 210 nanometres[END_REF] found that the UV emission intensity from AlN films is improved by 25 times in a-plane AlN configuration rather than c-plane configuration. In contrast, Zhang et al.[127] showed that c-axis is required for high d 33 piezoelectric coefficient. Lobl,et al.[128] further reported that highly c-axis oriented AlN also provides strong piezoelectric coupling needed in SAW devices. Thus, producing AlN with high texture degree deposited at reduced temperature is required from a technological point of view. The relative degree of preferred orientation among the crystal planes can be expressed by using the texture coefficient. The manipulation of optical properties of this optically transparent material represents an important challenge for future applications, especially in optical quantum circuits. Three functional properties are of primary importance for this purpose. First, c-axis out of plane orientation of AlN thin film is essential for exploiting its largest second order nonlinearity for wavelength conversion and electro-optical effects. Second, the high ordinary refractive index (typically 2.1) of AlN deposited on Si wafer is a prerequisite for realizing low loss in silicon integrated AlN photonic circuits. [START_REF] Xiong | Low-Loss, Silicon Integrated, Aluminum Nitride Photonic Circuits and Their Use for Electro-Optic Signal Processing[END_REF] This high refractive index allows to strongly confine the light for long distance leading to the emergence of a non-linear optical effect on chip scale. [START_REF] Stegmaier | Mode control and mode conversion in nonlinear aluminum nitride waveguides[END_REF] Third, the wide range of AlN transparency (bandgap close to 6 eV) can be exploited for wide operation band devices from UV to IR wavelengths. Combining the above features together, AlN is an excellent candidate for integrated nonlinear optics.

In this regard, this chapter is devoted to obtain highly textured AlN films deposited on silicon and sapphire substrates. In addition, manipulation of AlN optical properties, in particular, the optical constants; extinction coefficient "k" and refractive index "n" will be discussed. The optical anisotropy properties of AlN thin films will also highlighted.

In this chapter, we mostly present results related to the growth of AlN using reactive DC magnetron sputtering but conclude with results obtained using reactive RF magnetron sputtering to serve as a basis for next chapters. The first allows a good control on the electrical parameters during growth enabling to finely correlate the microstructure to the growth conditions but, with the DC power supply used, the maximum power dissipated by the target was rather low, leading to low deposition rates. Hence, based on previous works, RF sputtering was finally selected as a method of choice for the growth of RE-doped AlN films although it is difficult to extract precisely the influence of the electrical parameters on the microstructure development without calling to advanced plasma characterization tools in this case. A comparison between the properties obtained using these two methods will validate this approach.

2.1-Sputtering conditions

During this work different sputtering parameters have been screened in order to explore the correlation between these parameters and the film growth mechanisms. In order to probe the influence of each sputtering parameter on the growth mechanisms of the film, set of samples were prepared such that all the parameters are kept constant and changed only the one under investigation. Such dedicated study brought massive information that enhanced our understanding of the correlation between the processing and growth of AlN. Herein, we present one series of this study concerning the influence of sputtering gas composition on the crystallography and microstructure as well as the optical properties of AlN coatings. Table (3.1) summarizes the experimental sputtering parameters in DC discharge mode that used during this study. The substrates were placed facing the target axis at 5 cm distance and the deposition was performed without intentional heating the substrates. It is worth noting that the base pressure was managed to be ~ 3x 10 -6 Pa and the gas composition is defined as

N 2 %=
, where sccm stands for standard cubic centimeters per minute.

Two peaks are visible on the diffractograms except for N 2 % = 100 where only one peak is observed. The first and second peaks correspond to the signal from ( 002) and ( 101) planes of the hexagonal wurtzite structure of AlN, respectively. It is also observed that the (002) diffraction intensity improves gradually with the N 2 %. On contrary, the intensity of the (101) peak deteriorates till the (002) becomes the only detected orientation in the film synthesized under pure nitrogen condition. Strikingly, under 50% N 2 , the film deposited on sapphire, unlike on silicon, exhibits no diffraction signal. This indicates the absence of signal originating from crystallographic planes parallel to the substrate surface. In order to explore The texture coefficient T of (002) diffracted planes was calculated from XRD data using the following equation: [129][130] , (3.1) where I is the measured intensity diffracted by different planes, I 0 is standard intensity from a randomly oriented polycrystalline sample (obtained from JCPDS card number 00-025-1133) and N is the number of diffraction peaks corresponding to diffracting hkl planes. Considering the data from fig (3.1), the texture coefficient of ( 002) is enhanced as a function of N 2 % as observed on fig (3.3). It can be observed that the trend of texture coefficient on both substrates is the same for samples deposited at rich N 2 % ≥ 70% conditions This means that the substrates have insignificant role in determining the preferential orientation under these conditions. On other hand, films deposited on silicon show higher texture coefficient than on sapphire for samples deposited under 50% and 60%N 2, which is coming from the high intensity diffracted by ( 101) planes of AlN deposited on sapphire. This behavior of AlN on sapphire at lower nitrogen content can be explained by the initial growth mechanism of AlN on sapphire as reported previously [134] if it is considered that the deposition temperature is lower under these conditions as will be verified later. Effectively, although the growth of AlN thin films is generally reported to occur along the c-axis, the deposition of AlN on c-sapphire at low temperature can promote the growth of other planes than (002) parallel to the substrate surface. This is due to a twinning mechanism resulting in the growth of (101) planes, of lower polarity than (002) ones, parallel to the surface. This growth reduces the internal electrostatic field and, thereby, the system energy. The average size of crystallites along (002) was calculated from the full width at half maximum of the (002) diffraction peak by using the Scherrer's formula.[135-136] Fig (3.3) shows the size of crystallites increases with N 2 % on both substrates and exhibits a similar trend to the (002) texture coefficient calculated by equation (3.1). This can be confirmed by the monotonic increase of the crystallite size with the texture coefficient, as shown in fig (3.4). The average size of crystallites with (101) orientation was also calculated and ranges from 67 to 87 nm confirming easier growth of crystallites with their c-axis aligned with the growth direction as N 2 % increases. Although energy dispersive spectroscopy (EDS) could not quantify correctly the nitrogen content, we have performed EDS measurements of the N/Al ratio and did not find sensible variation of this ratio over the entire range of compositions of the gas phase probed in this study. This is not surprising since the large proportion of nitrogen in the gas phase (50 to 100 %) and low sputtering rate must ensure complete reaction of the metallic adatoms with the reactive gas upon growth. Therefore, compositional changes cannot explain the microstructural changes observed.

In order to understand the behavior summarized on figure (3.3), we can refer to the existing literature on the relationship between process parameters and thin films growth, more particularly AlN, using sputtering. The effect of the composition of the gas phase, in particular the role of nitrogen species, on the preferred orientation of AlN thin film has been intensively studied in many reports. [137][138][139] In some studies, the role of gas composition was linked to the influence of the film deposition rate that is usually reduced at high nitrogen concentration conditions. This phenomenon was explained by the difference in mass of sputtering ions between the Ar + ions (heavier) and N 2 + ions (lighter). As a result, the momentum transferred to the target decreases as the nitrogen content in the gas phase is increased. Thus, the sputtering yield and the deposition rate must decrease. Consequently, the adatoms have more time to rearrange and find the most favorable crystallographic sites.

[139]Other reports, are considering the effect of the energy of the adatoms in their In our case, the deposition rate was very low (about 1nm/min) and almost constant between all conditions. Hence, all atoms have sufficient time to rearrange after they condensate from the gas phase and the influence of the deposition rate on the type of growth can be ruled out.

However, the effect of the kinetic energy of the adatoms was considered as a possible origin to the change in microstructure. Owing to the difference between the atomic radius of Ar gas (large) and the molecular radius of N 2 (small) gas, Al atoms sputtered at higher N 2 % are suspected to experience fewer collisions events (i.e. lower scattering probability), increasing their mean free path. The longer mean free path allows the sputtered atoms to keep more energy for the film process.

In addition, the target voltage increases with N 2 % as seen in fig (3.3). This is referred to the where A is the mass ratio of Al to the projectile ions, and E po is the initial energy of the projectile. The calculated energy of backscattered N atoms (0.049 E po ) is higher than that of Ar ones (0.039 E p0 ). Thus, at higher N 2 %, the probability of backscattering N atoms increases due to the high N 2 partial pressure and splitting the N 2 + molecules into two N atoms. This should deliver more energy to the film surface. Furthermore, with poisoned targets, negative ions that bombard the film surface can play a significant role to increase the mobility of the adatoms, improving the crystallinity of AlN.[148-150] These ions are formed at the target surface, by combination of electronegative sputtered atoms and secondary electrons, and accelerated towards the substrate with a high kinetic energy corresponding to the cathode sheath potential fall, i.e. roughly the discharge voltage. These negative ions hold a large kinetic energy and in extreme cases can promote epitaxial growth near-room temperature, as reported previously in ZnO.

[151] Based on the above arguments, depositing AlN at high N 2 % brings more energy to the growing film. The development of c-axis preferred orientation with increasing N 2 % can be explained considering that (002) planes show the highest packing density and the lowest surface energy [START_REF] He | Preparation of nearly oxygen-free AlN thin films by pulsed laser deposition[END_REF] compared to the other planes. [133,152] This feature makes the higher energy adatoms and/or the diffused atoms from other planes tend to lower their energy by resting on (002) planes.

[153] As mentioned before, at high N 2 % the adatoms gain more energy to diffuse and rearrange. Therefore, grains with (002) planes parallel to the film surface can grow faster than other planes under such conditions. According to the competitive growth mechanism, planes with the highest growth rate tend to envelop the other planes and to become the preferred orientation upon growth. [133,138] This is consistent with our results. In addition, the size of crystallites increases with N 2 % and texture coefficient, as shown in fig (3.4). This supports the previous hypothesis of improved film crystallinity with enhancing the preferential orientation along the c-axis and is in line with findings reported in. [154] To confirm our assumptions, a second series of experiments have been performed, in which the substrate was heated to 200 o C for films prepared under 100% N 2 in order to provide some more mobility to the adatoms. In the initial growth stage (nucleation), if no epitaxial growth occurs, the formed small grains exhibit no preferred orientation. Thus, in the case of sputtering conditions without thermal assistance and low nitrogen content in the gas composition (I), the incoming adatoms hit the substrate and stick on the different grains showing different orientations and some voids between the adjacent columns. This is due to the lack of thermal energy to enhance the diffusion between different grains. Under pure nitrogen conditions (II), the adatom mobility is improved, as described above, resulting in diffusion between the adjacent grains with less voids and enhanced the preferred orientation. On the contrary, the deposition under thermal assistance (III) shows high degree of orientation with lateral smoothening between the columns.

To investigate the influence of the target current on the substrate temperature, the temperature was recorded at the thermal probe as a function of discharge current, see fig (3.7).For more precise temperature measurement, the experiment was established such that the loss in the energy flux (Φ) dissipated by the connected wires is very small compared to the energy flux of the incident species Φ i and can be neglected, see inset fig (3.7). Furthermore, In order to investigate the effect of thermalization (loss of kinetic energy of the sputtered atoms due to collisions), the temperature has been measured at different total pressures while keeping all the other parameters constant as displayed in fig (3.8). The decrease in the substrate temperature with increasing the total pressure is attributed to thermalization effect. High pressure i.e. high density of plasma species is leading to high number of collisions as particles drift from the target towards the film surface that consumed the kinetic energy of the sputtered atoms.

In other words, the flux of particles that induces the substrate heating can be summarized as follows; higher target current leads to higher flux of particles while lower total pressure results in higher flux of particles plus more energetic particles. Total pressure (mtorr)

2.1.2-Microstructures and morphology

In order to gain more information on the microstructure, TEM measurements have been performed. All the samples were found to exhibit columnar structure and an average thickness It can be concluded that the progressive alignment during growth[154] is eased by higher adatoms energy and cross diffusion between grains and explained by leading to earlier termination of the competitive growth.

2.1.3-Optical properties

Enhancement of the crystallinity is supposed to improve the optical properties of the samples.

Therefore, the optical transmittance of the AlN films deposited on sapphire substrates was measured in the range from 200 nm (6.45 eV) to 1120 nm (1.10 eV) employing a Woollam M-2000 ellipsometer set to its transmission-mode at normal incidence. The optical bandgap E g can be deduced from the Tauc's equation that describes the optical absorption in semiconductors having direct electronic transition between their valence and conduction bands:

, ( 3.3) 
where 'hν' and are the photon energy and the material absorption coefficient calculated.

The bandgap energy found here , Eg ≈ 5 92 eV, is close to the reported values for polycrystalline AlN films [157]. Apparently, the microstructure and the nitrogen content in the gas phase have no significant effect on the optical band gap that is an intrinsic electronic property of the material. In contrast, the ordinary refractive index n varies appreciably with the amount of N 2 in the gas phase and the thermal assistance, fig. (3.16b). 

3.1-The optimum deposition conditions

All previous samples were deposited using DC mode of reactive sputtering at very low deposition rate in order to investigate the influence of sputtering conditions on the growth mechanism of AlN. Indeed, DC mode is very suitable for this purpose as it allows easy control and measurement of the sputtering parameters, such as the target current, the voltage or the power in DC mode. Hence, the correlations with the film properties can be more easily established. From the above study, we found that effect of adatoms mobility plays a significant role on the film microstructure, which forced us to use external thermal assistance in order to obtain high texture c-axis AlN.

Due to limitation in the deposition rate using DC associated to very long deposition times to achieve significant thickness for practical applications, it was needed to find an alternative we could apply for the next studies on RE-doped AlN films. While the control of electrical parameters is more difficult using RF sputtering, it is well suited for the growth of thin films in atmospheres containing a large fraction of reactive gazes as in our case. Moreover, in RF discharge, there is substantial higher total thermal power to the substrate, compared to DC discharge, that can self-heat the substrate during growth and, thereby, enhance the mobility of adatoms.

[160] Finally, the RF discharges can be operated at lower voltages for a similar average power than with DC, enabling a larger discharge current and, consequently, larger deposition rate. For these reasons, RF sputtering was selected for our studies of the properties of RE-doped AlN films. However, in order to validate the use from the perspective of material properties we have compared the properties obtained using the two modes. As previous studies have been conducted in our group using RF sputtering, we selected optimized conditions that are listed in table (3.2).

Table (3.2 These good optical and structural properties of AlN_RF deposited at room temperature as well as the short deposition time (40 min) meets our preference for using these sputtering conditions in the doping step with rare earth.

4.1-Conclusion

Well crystallized AlN thin films with high degree of c-axis orientation were prepared by reactive magnetron sputtering of an aluminum target. Controlling the preferred orientation by only tuning the N 2 % in the gas phase has been achieved. It was found that the synthesis of highly c-axis oriented crystalline AlN is favored by depositing the coatings in nitrogen-rich reactive ambiance. The results have been interpreted on the basis of an improved mobility of adatoms assisted by the bombardment of the films by fast particles. Intentional thermal assistance or increase of the discharge current were found to have similar beneficial influence on the crystallinity of the c-axis oriented films deposited under pure nitrogen conditions. This is explained by thermally-assisted increase in adatoms mobility in both conditions as supported by thermal probe measurement under different discharge currents. The optical constants (n, k) and bandgap of the prepared films have been modeled from spectroscopic ellipsometry measurements in transmission and reflection modes. The results evidence the possibility to tune the refractive index with the crystal orientation while keeping constant the bandgap. Our findings show that the optical properties of the AlN films can be tuned via their texture which was controlled by the amount of nitrogen in the gas phase. The optimum sputtering conditions that will be used during the rest of this work were stated. Based on high texture, excellent optical properties and fast deposition of AlN prepared using RF reactive magnetron sputtering, RF deposition was selected.

green-yellow by changing the local environment using different host compositions. [START_REF] Suresh | Blue excitable green emitting Ce3+ doped CaS phosphor for w-LEDs[END_REF][START_REF] Parganiha | Near UV-blue emission from Ce doped Y2SiO5 phosphor[END_REF][START_REF] Jang | Mechanism for strong yellow emission of Y3Al5O12:Ce3+ phosphor under electron irradiation for the application to field emission backlight units[END_REF] This property is very interesting in terms of luminescence engineering technology. In addition, the ability of Ce to emit blue light is a promising feature for white light generation technology. So, a lot of research efforts have been directed in this regard by using Ce doped in different hosts (glasses, garnet, ceramics and semiconductors). [START_REF] Wieg | Broadband white light emission from Ce:AlN ceramics: High thermal conductivity down-converters for LED and laser-driven solid state lighting[END_REF][START_REF] Kindrat | Spectroscopic properties of the Ce-doped borate glasses[END_REF][START_REF] Nikl | Defect Engineering in Ce-Doped Aluminum Garnet Single Crystal Scintillators[END_REF] Nevertheless, there is little knowledge on Ce-doped AlN material. Amorphous Ce-AlN thin films were prepared by DC magnetron co-sputtering at substrate heated up to 350 C. [START_REF] Aldabergenova | Blue, green and red emission from Ce 3+ , Tb 3+ and Eu 3+ ions in amorphous GaN and AlN thin films[END_REF] Their structure and microstructure were studied but the assignment of the PL signal was not clear. Liu et al, [START_REF] Liu | Blue Emission by Interstitial Site Occupation of Ce 3+ in AlN[END_REF] studied in more details the blue emission from a polycrystalline powder of AlN phosphor coactivated by Ce 3+ and Si 4+ synthesized by gas pressure sintering under high temperature ( 2050C for 4 hr) and high nitrogen pressure (0.92 MPa). An intense luminescence at 600 nm from Ce-doped single bulk AlN crystal synthesized by reactive flux method under high pressure/temperature was also reported. [START_REF] Ishikawa | Atomic Structure of Luminescent Centers in High-Efficiency Ce-doped w-AlN Single Crystal[END_REF]100] Recently, in 2015 and 2016, theoretically demonstrated the modification of the electronic structure of Cedoped AlN using first principle calculations. More recently, broad band emission from Ce doped AlN ceramic bulk material sintered at (1700 C and 105 MPa) has been reported [41] but experimental evidence of the influence of Ce oxidation state on the emission of Ce-doped AlN is still missing. Hence, deep investigation of Ce-doped AlN thin films, compatible with the chip technology, is particularly desired.

Based on the above, this work is dedicated to the synthesis and study of the optical properties of crystalline Ce-doped AlN thin films grown at room temperature (RT) by radiofrequency (RF) magnetron sputtering. Strong blue emission has been obtained from the activated Ce ions after rapid thermal annealing (RTA). The origin of the blue emission is investigated by Electron Energy Loss Spectroscopy (EELS), PL and PL excitation (PLE) experiments. The PL thermal quenching mechanism is also investigated.

2.1-Results and discussion

2.1.1-Structures and compositions

Ce-doped AlN thin films with different Ce content have been prepared at room temperature using RF discharge sputtering. The sputtering conditions were described in the experimental chapter (II). XRD has been carried out to investigate the effect of Ce concentration on the crystal structure of as-deposited Ce-doped AlN films as shown in fig (4.1). In addition, the composition analysis shows a good stoichiometry between Al and N atoms, inset table. It is very common, in RE-doped materials, to perform post-deposition annealing in order to optically enhance the activator's luminescence. [112,[163][164]] Thus, our samples were divided into small pieces (1 x 1 cm), then underwent a rapid thermal annealing step (RTA) at 1000 °C for 5 minutes under flow of Ar gas. Then, the steady state photoluminescence (PL) have been measured using the 325 nm excitation of a He-Cd laser.

The PL spectra of the post-deposition annealed samples are displayed in fig (4.3a). All the PL spectra exhibit a broad band extended over the visible range from 400-600 nm with fundamental peak centered at 500 nm and full width at half maximum (FWHM) of about 100 nm. These PL spectra are consistent with the PL features of Ce 3+ reported elsewhere. [START_REF] Liu | Blue Emission by Interstitial Site Occupation of Ce 3+ in AlN[END_REF]165] Fig (4.3b) shows the evolution of the PL intensity as a function of the Ce concentration. The optimum concentration for highest PL intensity is around 1 at.% (between 0.7 to 1.1% At relatively low concentration of Ce, the PL intensity increases as the number of emitting ions increase till it reaches a critical concentration. By further increasing the Ce concentration, the average relative distance between Ce ions is shorten and results in increasing the chance of nonradiative energy transfer between the neighboring ions that weakens the PL intensity. [START_REF] Liu | Blue Emission by Interstitial Site Occupation of Ce 3+ in AlN[END_REF] The asymmetry in the PL spectra is sometimes referred to the inhomogeneous in the spin-orbital coupling of the ground states 4f [START_REF] Liu | Blue Emission by Interstitial Site Occupation of Ce 3+ in AlN[END_REF]166] and other times to the different lattice locations occupy by Ce ions.[167-168] However, the effect of interference on the PL spectra can't be excluded.

In the following section, we will focus mainly on the sample containing 1% of Ce. Deep structure and optical analyses on this sample will be presented in the following and compared to the results obtained for undoped AlN.

2.1.2-Structures and optical analyses of Ce-doped AlN

As-deposited 1% Ce-doped AlN sample was divided into two parts; one underwent RTA (1000 °C/5 min) together with undoped AlN under flow of Ar gas, the other was annealed at the same conditions but under flow of forming gas (FG). Annealing in forming gas has been performed to investigate the effect of a reducing atmosphere on the microstructure and the optical properties of the thin films.

2.1.3-X-ray diffraction (XRD)

Fig (4.4) shows the XRD measurements of doped and undoped as-deposited (As) and RTA samples. The XRD signals reveal the characteristic peak of (002) plane of the hexagonal [169] The average c-axis parameters of the prepared samples has been estimated using Bragg's law [170] and is found to be increased from 4.97 Å to 5.04 Å for undoped and doped samples, respectively. However, the XRD of the doped samples didn't show any reflection from other planes than (002) related to AlN within the detection limit. This indicates that, although the doping with 1% of Ce, the films exhibit crystallites with c-axis orientation normal to the substrate surface like undoped films.

[171] In addition, the annealed undoped AlN sample exhibits higher (002) intensity than the asdeposited one. In contrast, doped samples present lower diffraction intensity with respect to the undoped counterpart and, in addition, a further intensity decrease after annealing. This could be attributed to the influence of thermal treatment that can enhance the crystallinity of undoped AlN by curing the material defects. [172] In doped AlN the presence of the foreign The microstrain values for undoped AlN films, table (4.1), exhibit a local strain relaxation after annealing the film, while doping with Ce ions induces a significant microstrain. The microstrain values for annealed Ce-doped AlN samples couldn't be determined because the (004) intensity was too small to be used in the microstrain estimation even after long integration time. Moreover, Ce-doped AlN_Ar sample is associated to the weakest diffracted intensity and broadest FWHM with hump at higher angles, which infers microstructural modification occurred after annealing in Ar. On other side, doped samples exhibit a less asymmetric XRD peak after RTA in FG, indicating that annealing in Ar induces a more substantial modification of the structure. This is in line with the RBS and TEM observations in the next sections.

2.1.4-Fourier Transform Infrared Spectroscopy (FTIR)

FTIR analyses have been performed for all these samples in order to get more information about the vibrational states and the local order of the microstructure. As mentioned in the introduction chapter that the group theory predicts eight optical phonons (2A 1 +2E 1 +2E 2 +2B) modes for hexagonal wurtzite AlN at the Γ point in the Brillouin zone Among them A 1 and E 1 are IR active. It was reported that the transverse optical E 1 (TO) is the predominant mode and mostly related to the (002) planes parallel to the substrate, while the transverse optical A 1 (TO) mode is related to existence of other phases and/or tilting of the (002) planes. [START_REF] Khan | Texture of the nano-crystalline AlN thin films and the growth conditions in DC magnetron sputtering[END_REF] In addition, the shifts in FTIR peak positions were linked to the residual stress variation in some studies. [START_REF] Sanz-Hervás | Influence of crystal properties on the absorption IR spectra of polycrystalline AlN thin films[END_REF] FTIR signals of undoped AlN and Ce-doped AlN before and after annealing are depicted in fig (4.5). It can be observed that, E 1 (TO) at ~ 674 cm -1 is the only mode in the undoped and doped samples, indicating that these samples are mostly oriented with (002) planes parallel to the surface, consistently with the XRD results. The slight shift in this peak is referred to residual stress as previously reported in. [START_REF] Sanz-Hervás | Influence of crystal properties on the absorption IR spectra of polycrystalline AlN thin films[END_REF] A shift in XRD peaks is also attributed to lattice strain which confirms the assignment of E 1 (TO) shift in FTIR to the same reason. In contrast, the A 1 (TO) mode is found in the doped samples after annealing ,as shown in fig (4.5b). This indicates that some (002) planes are tilted with reference to the film surface and/or the formation other phases, which will be confirmed later by TEM. [START_REF] Khan | Texture of the nano-crystalline AlN thin films and the growth conditions in DC magnetron sputtering[END_REF] The peak at ~ 623 cm -1 is a signal from the Si substrate. The FTIR peak intensity at E 1 (TO) mode in doped samples is deteriorated after annealing, which could be related to decreased crystallinity and/or loss of some Al-N bonds. All of these FTIR findings are in line with the XRD data presented in fig (4.4), as well as with the TEM results shown in the following sections. Al, and Ce), the eventual maximum energy of backscattered projectiles is given by the kinematic factor of the collision and corresponds to scattering events occurring at the surface. O are lighter than Si, their signals appear superimposed to that from the substrate. In the case of the as-deposited film, fitting of the RBS spectra indicates a relatively homogeneous film composition over the whole film thickness. However, as mentioned above, annealing in Ar result in a bilayer structure as evidenced from the step in the Ce signal. Here, the decrease in intensity at higher energies reflects a Ce depletion in the near surface region. In parallel, this surface layer is highly oxidized as derived from the appearance of narrow O band that correspond to the near-surface region. that works in the forward direction at high O 2 pressure (case of Ce-doped AlN after RTA in Ar) to stabilize Al-O bonds and in the reverse direction where the N 2 pressure increases to stabilize Al-N bonds (case of Ce-doped AlN after RTA in FG). In addition presence of hydrogen in the forming gas reduces the amount of residual oxygen. Hence, the latter explains why the surface of samples annealed in FG remains smooth. In addition, as noticed from the RBS data, the increase in oxygen content is higher than the decrease in nitrogen one. This is in line with reports indicating that oxygen atoms form Al 0.66 O as they substitute nitrogen in

AlN. [START_REF] Slack | Some effects of oxygen impurities on AlN and GaN[END_REF][176][177] Therefore, one Al vacancy (V Al ) is generated every three O atoms.

2.1.6-Photoluminescence (PL)

In order to study the luminescence behavior of Ce-doped AlN thin films, the undoped and doped samples have been excited by He-Cd laser with 325 nm line and by continuous wave (cw) Nd:YAG laser at the fourth harmonic 266 nm. can mainly be distinguished by a shoulder, absent in Ce 3+ , at 5 eV above those of the two main peaks. In addition, in some reported cases a peak shoulder for Ce 3+ appears at lower energy in the M 4 peak. 19 Another method developed to evaluate the Ce oxidation state from EELS is the peak intensity ratio between M 4 /M 5 .

[186] It is found about 0.92 for Ce 3+ in CeF 3 and 1.3 for Ce +4 in CeO 2 in our reference samples. The EELS measurements have been performed for Ce-doped AlN as-deposited and annealed samples in order to probe the signal response from Ce ions. Considering all the above methods to determine the Ce oxidation state, we found that all doped samples exhibit EELS spectra corresponding to the Ce ions band edges spectra in agreement with the reported spectra elsewhere. [186][187] Fig (4.11) shows the EELS of Ce-doped AlN films as-deposited and after RTA in FG. In both samples, the characteristic peak shoulder for Ce 4+ that appears at higher energy beside M 4 and M 5 edges. This means that both samples exhibit EELS signal close to the signature of Ce 4+ . That reflects the predominance of 4+ oxidation state of Ce inside these samples. This is consistence with the weak PL response from these samples as the optically inactive Ce ion is the predominant.

On the other hand, EELS measurements have also been performed at different areas in the Ce-AlN sample after RTA in Ar, fig (4.12). EELS probed from the top layer (containing oxygen) exhibits very close signal to the Ce 3+ where the peak shoulder appears above the M 4 and M 5 is absent as well as appearing of peak shoulder before the M 4 band. In contrast, the signal from the rest of the film (bottom layer) shows predominant Ce 4+ oxidation state. It means that, the presence of oxygen plays a major role in the activation of Ce ions by changing the valence state from +4 to +3. This is in line with the previous assumption made from the results of PL at different annealing atmosphere and the level of oxidation. Moreover, we can infer that the PL of this sample mostly originates from the top layer, which raises the question about the role of oxygen in the PL behavior. 

2.1.7-The role of oxygen

To understand the role of oxygen, it is convenient to explore what happens when oxygen diffuses inside the AlN matrix. It has been reported that AlN exhibits very large affinity for accommodating oxygen, being the most common impurity in AlN that can't be totally (4.2) In this case, one molecule of Al 0.67 O substitutes one molecule of AlN and leads to constitute this formula (V Al ) 0.33 Al 0.67 O, where (V Al ) denotes aluminum vacancy. Hence, each three oxygen atoms, one aluminum vacancy is formed. [START_REF] Slack | Some effects of oxygen impurities on AlN and GaN[END_REF]176] The substituting oxygen atom O N + acts as shallow donor with a level at E ν + 5.85 eV in AlN.[189] C. Stampfl et al [START_REF] Stampfl | Theoretical investigation of native defects, impurities, and complexes in aluminum nitride[END_REF]demonstrated that, the formation energy of O N + is very low, particularly at low Fermi level as AlN tends to be n-type by attracting impurities forming donor levels. In addition, the triply negatively charged aluminum vacancy V Al 3-exhibits the lowest formation energy under high Fermi level conditions. It also lies close to the valence band maximum and acts as a deep acceptor level in AlN. [START_REF] Stampfl | Theoretical investigation of native defects, impurities, and complexes in aluminum nitride[END_REF] Therefore, V Al 3-acts as an effective compensating center for the sallow levels formed by oxygen O N + . Moreover, Mäki et al[190] demonstrated by using positron annihilation experiment that all O atoms have a neighboring V Al and suggested that a defect complex related to coupling O N + with V Al 3-is predominant over isolated V Al 3-defect.

Qimin Yan et al,[179] It can be noticed that the formation energy of aluminum vacancy-oxygen complexes is lower in N-rich than Al-rich conditions. In addition, the formation energy of V Al -O N complex is found lower than the formation energy of isolated V Al in most of the Fermi level positions.

Therefore, it is recognized that there is a strong driving force for Al vacancy to form complex with oxygen impurity. Hence, (V Al ) 3-is likely coupled to O N + to form singly and/or doubly negatively charged (V Al -O N ) 2-and (V Al -2O N ) 1-complexes depending on the oxygen concentration, which is consistent with previously reported works. [180,192] Furthermore, these defect complexes are found to contribute in absorption and luminescence processes. B. Berzina et al[193] suggested that, the O N defect and the coupling between O N and V Al complex are responsible for the UV-blue PL in AlN. The authors also proposed a model to interpret the concept of luminescence center containing oxygen related defects, where these defects can be excited directly or indirectly through the host material. More precisely, in the same line, it has been reported by using several experimental measurements such as cathodluminescence and PL that the defect complexes (V Al -O N ) 2-and (V Al -2O N ) 1-give rise to an absorption band around 3.9 eV and 4.7 eV, respectively. [192,[194][195][196][197] Consistently with this experiments, Qimin et al [179] found by hybrid-functional calculations that (V Al -O N ) 2-in AlN materials is responsible for an absorption band around 3.9 eV (317nm) due to electronic

transitions [(V Al -O N ) 2-=> (V Al -O N ) 1-+ e)
] and another electronic transition [(V Al -2O N ) 1-=> (V Al -2O N ) 0 + e] is responsible for an absorption band at an energy higher than 4.3 eV that depends on the oxygen content.

Based on the abovementioned information, the presence of Ce 3+ in the oxidized surface layer can be interpreted as follows:

In the as-deposited and the Ce-doped AlN samples annealed in forming gas, where the content of oxygen is very low, Ce 4+ is dominant. In contrast, when oxygen is unintentionally inserted in Ce-doped AlN annealed in Ar atmosphere, Ce 3+ is dominant. These findings point to the role played by oxygen which can be explained as follows. When, oxygen diffuses in AlN and substitute N site, O N + forms donor level accompanied by the release of one electron.

This electron is likely responsible for the valance state change of Ce 4+ to Ce 3+ in the oxidized region. Further, Ishikawa et al [START_REF] Ishikawa | Atomic Structure of Luminescent Centers in High-Efficiency Ce-doped w-AlN Single Crystal[END_REF] reported another energetically stable defect complex that involves Ce 3+ when (V Al ) 3-connects with nearby Ce Al in Ce-doped AlN material. This can also likely happen in the oxidized layer as the density of (V Al ) 3-is increased due to presence of oxygen. Therefore, these kinds of defects may explain the valence state changes of Ce and the predominance of Ce 3+ in the EELS of the top layer, as well as indicate that strong PL emission can be interpreted by 5d-4f transition of Ce 3+ . However, obtaining similar PL excited by two different wavelengths, as in fig (4.8), raises a question about the excitation mechanism of Ce 3+ . To investigate the excitation mechanism for the Ce-doped AlN sample after RTA in Ar, PLE has been measured for the emission peak at 500 nm, see fig (4.14). It reveals two broad excitation bands around 3.9 eV and 4.8 eV. This indicates that there are two pathways responsible for the blue emission peak at 500 nm. It is worth noting that, the absorption peak at 3.9 eV is very close to the reported absorption band of Ce 3+ . [198][199][200] As well as, it is very close to the electron transition in this defect complex [(V Al -O N ) 2-=> (V Al -O N ) 1-+ e)], as demonstrated above. Hence, the first band (3.9

eV) can be assigned either to the defect transition (V Al -O N ) 2-/1-[179] or to the absorption band of Ce 3+ . [201][202] The second band (4.8 eV) can be referred to an (V Al -2O N ) 1-complex at high oxygen concentrations, as reported elsewhere. [START_REF] Slack | Some effects of oxygen impurities on AlN and GaN[END_REF]179,190] Indeed, the excitation mechanism (either direct or indirect) for Ce 3+ ions, when excited by 325 nm, is then rather difficult to determine due to the overlapping between the excitation bands for Ce 3+ and (V Al -O N ) 2-complex at 3.9 eV. Although, the high absorption cross section of Ce 3+ stimulates the assignment of the band at 3.9 eV mainly to the direct absorption of Ce 3+ .

Nevertheless, the indirect excitation mechanism of Ce 3+ ions via (V Al -O N ) 2-complex cannot be excluded from several aspects. First, a good agreement is found between the excitation peak around 3.9 eV in our Ce-doped AlN sample and the reported absorption peak of the (V Al -O N ) 2-complex in AlN.[179, 194, 196] Second, indirect excitation can be very efficient in several RE-doped III-V semiconductor compounds. [START_REF] Kenyon | Recent developments in rare-earth doped materials for optoelectronics[END_REF]203] Third, the PLE peak at 4.8 eV Indirect excitation can be achieved via energy transfer from excited (V Al -O N ) 2-defect to a nearby Ce 3+ ion.

To emphasize on the role of the defect complexes in the PL, two samples have been prepared: one under Al-rich conditions (formation of V Al is energetically difficult) and the second one under N-rich conditions (formation of V Al is relatively easier, as found in the formation energy diagram of fig (4.13)). These samples have then been annealed in Ar atmosphere. Fig (4.15) shows the PL of these samples excited by 325 nm. The PL intensity of the N-rich sample is stronger than that of Al-rich sample, which is consistent with the excitation mechanisms proposed. In other words, an increase of the PL intensity can be stimulated by higher density of V Al that leads to more activated Ce 3+ ions and/or higher density of V Al -O N . This confirms the significant role of V Al -related defects in the PL and supports the previous explanations.

The role of oxygen can be summarized as shown in the following diagram, fig (4.16a). 

2.2-Intentionally doping oxygen during Ce-AlN growth

To incorporate oxygen during the growth of Ce-doped AlN, a flow rate of oxygen was applied using a very fine tuning valve that allows controlling the partial pressure of oxygen before the deposition. The partial pressure of oxygen was set to 0.1 x 10 -6 torr, while keeping the total pressure almost unchanged. This results in Ce-doped aluminum (oxy)-nitride (Ce-Al(O)N)

films with oxygen content of about 7% as measured by EDS and calibrated by RBS. Then, the sample underwent to post-deposition annealing in the FG and Ar atmospheres. The photoluminescence of the films has been measured using excitation wavelength 325 nm. Fig (4.17) shows the PL spectra of as-deposited and annealed samples. The PL spectra show that, the sample annealed in forming gas exhibits intense PL intensity, higher than the one annealed in Ar. In addition, the as-deposited sample reveals very weak PL signal even if it contains 7% oxygen. This result clearly confirms that oxygen and postdeposition annealing are required to activate the photoluminescence from Ce-doped AlN material. In the previous section, it was found that beside the electronic modifications in Ce oxidation state and the formation of defect complexes, unintentional oxygen induces structural modifications. Thus, the following section is focusing on the structure and the electronic picture of intentional incorporation of oxygen in Ce-doped AlN. RTA_FG samples is about 7% whereas it is slightly higher at 13% in RTA_Ar sample near the film surface and gradually decreases down to the bottom. This further confirms our These results strongly evidence that, incorporation of oxygen in AlN is responsible for the valence state change in Ce ions from +4 to +3.In addition, it indicates that RTA is needed to stimulate the PL even with presence of Ce 3+ , as found in the case of as-deposited sample exhibiting very week PL signal although it contains mostly Ce 3+ .

Hence, the above results drive to this conclusion:

 The major valence state of Ce in AlN is Ce 4+ (optically inactive)

 The major valence state of Ce in Al(O)N is Ce 3+ (optically active)

 However, to sensitize the PL from Ce-doped Al(O)N thin film, the post-deposition annealing is necessary.

Then, the findings can be summarized as follows: Oxygen without RTA or RTA without oxygen raise to the same "weak PL". The two processes are needed together for initiating the PL. The specific role of annealing in this regard will be discussed later. Two remaining questions could be raised in order to draw a complete picture about the behavior of oxygen and Ce inside AlN. The first: Can the role of oxygen (O N ) + as donor level be played by other impurities in AlN?

The second: What is the reason behind the stability of Ce 4+ in AlN, in absence of oxygen, even after annealing at high temperature in FG?

The first question can be addressed by considering the work published by T.-C. Liu et al [START_REF] Liu | Blue Emission by Interstitial Site Occupation of Ce 3+ in AlN[END_REF] about the blue emission from Ce co-doped with Si in AlN powder. The authors reported about the absence of PL from Ce-doped AlN powder without the co-doping with Si 4+ ions. Although the authors couldn't determined the exact role of Si 4+ in the PL of Ce-doped AlN, the valance state change approach can be used to interpret this behavior. Knowing that Si 4+ favorably substitutes Al atoms from an energetical point of view and forms a donor level, Si Al + , which releases an electron for charge compensation. [START_REF] Stampfl | Theoretical investigation of native defects, impurities, and complexes in aluminum nitride[END_REF] This electron is likely captured by Ce 4+ ion to form the optically active Ce 3+ , hence the PL can be activated. This observation supports our interpretation about the role of donor level played by oxygen in our case. Hence, one can reach to a general conclusion that Ce 4+ is stable inside the AlN matrix and, in order to activate the photoluminescence, introduction of donor levels is needed to generate electrons for reducing Ce 4+ in to Ce 3+ . Thus, the reply to the first question is: the role of oxygen is a functional role related to the electronic state "donor level" generated by substituting the nitrogen sites. However, in our opinion, using oxygen to play this role in AlN could be better than other impurities due to the ease to dope AlN with oxygen. Oxygen is considered as a permanent impurity inside AlN, especially in industrial field and in large scale production. In that case, the difficulty to free AlN from oxygen can be turned into advantage to activate the PL in Ce-doped AlN.

Regarding the second question, the stability of the high oxidation state Ce 4+ in AlN can be attributed to presence of a large number of N 3-ions surrounding it in the AlN crystal. In more details, Landrum,G.A.,[205] demonstrated that Ce 4+ exists even in CeN that "formally" contains Ce 3+ . Their findings were attributed to the substantial d character of the remaining electron in Ce 3+ that delocalizes in the direction of the Ce-Ce interaction instead of being localized in the f states. In Contrast, in Ce-doped Al(O)N samples, the presence of oxygen breaks the local structure and electronic symmetry around Ce ions by altering the bonding system in different ways either with O atoms or by formation of V Al .

It is worth noting that the PL intensity of Ce-doped Al(O)N sample annealed in FG is higher than for the same sample annealed in Ar as shown in fig (4.17), despite the later one exhibits more oxygen particularly near the surface. The diffusion of oxygen into the film surface during annealing in Ar is associated with a diffusion of nitrogen out of the film as described above in the case of unintentional diffusion of oxygen. This in/out diffusion process results in structure disturbance that can produce voids and some nitrogen vacancies which can play the role of nonradiative defect centers and reduce the PL intensity. As described by C. Stampfl et al [START_REF] Stampfl | Theoretical investigation of native defects, impurities, and complexes in aluminum nitride[END_REF], the formation energy of positively charged nitrogen vacancy (V N ) 3+ is low and this defect likely forms at high temperature. Thus, it can be proposed that (V N ) 3+ combines rapidly with the generated (V Al ) 3-to form voids and reduces the chance to form Ce 3+ by interacting with (V Al ) 3-. On the other hand, using RTA in FG where the diffusion of oxygen is avoided, the probability to produce such defects is low. In addition, the hydrogen in forming gas probably passivates the nonradiative centers.

In order to investigate on the microstructural modifications induced by oxygen, HRTEM of resulting in the presence of partial rings in the SAED pattern, fig (4.19a). Despite some of these defects could be attributed to the presence of Ce ions due to the large ionic radius of Ce that induces microstrain in the crystal lattice, we mainly ascribe these structural modifications to oxygen incorporation.

Such structural modifications have been generally observed in all of our samples with intentionally incorporating oxygen, compared to Ce-doped AlN with a very low oxygen content of about 2%. 

 The effect of higher oxygen content and the role of annealing

Emphasizing on the role of oxygen, two other samples with higher concentration of oxygen were prepared and annealed in FG. One sample contains 13% of oxygen (Ce-Al(O)N_13%).

The second sample contains 60% oxygen and is nanocrystalline with α-Al 2 O 3 as shown in fig (4.22). The cerium content is 1 at.% in both samples. The PL spectra of these samples, as depicted in fig (4.23), show increase in the PL intensity with the oxygen content. This can be attributed to the increase in the number of the optically active, Ce 3+ , ions as well as oxygen offers better local environment for efficient excitation and emission pathways. In addition a shift in the PL peak positions is observed with oxygen content. Interestingly, this shift in the PL peaks is sufficient to change the observed emission color from faint blue to faint green, then to strong blue as seen the photos of fig (4.23). The change in color is realized because the PL peaks lay between two adjacent color regions (end of blue at 500 nm and beginning of green at 522 nm). This evolution can be explained by modification of the local environment around Ce 3+ ions. More precisely, it has been reported that changing the local coordination ratio between oxygen and nitrogen around Ce 3+ modifies the energy position of the excited 5d-level of Ce.

[168] In addition, the difference in the formal charge between N 3-and O 2-ions as well as the difference in their electronegativity values (3.04 for N and 3.44 for O) induces a significant modification in the local fields that surround the excited 5d-level of Ce 3+ when the O/N ratio is changed. This opens the possibility to tune the emission color from Ce 3+ by modifying the local environment of the host material. This is considered as a unique character of Ce 3+ over all the other RE 3+ .

[168] To the best of our knowledge this is the first demonstration of such effect in Ce-doped AlN.

It is worth to mention that only the annealed Ce-doped Al(O)N sample exhibits a strong PL despite as-deposited Ce-doped Al(O)N also contains a majority of Ce in the optically active Ce 3+ state in the EELS fig (4.20). This reveals the presence of Ce 3+ is not the only condition to activate PL but that it must be accompanied by a post-deposition annealing step. The role of annealing in this regard is not clear yet, but it is believed it can reduce the density of nonradiative defects acting as PL quenching centers. aluminum oxide exhibits only one broad excitation band centered at 3.99 eV, which highlights a significant difference in the excitation mechanism between oxynitrides and the oxide. The assignments of the PLE bands have been reported previously. [START_REF] Slack | Some effects of oxygen impurities on AlN and GaN[END_REF]177,191] The absorption peaks around 3.7 to 4 eV can be referred to the overlapping between the absorption band of Ce 3+ and the absorption band of the specific stable defect complex (V Al -O N ) 2-in the Al(O)N matrix. The absorption band from 4.6 to 5 eV is usually referred to another defect complex (V Al -2O N ) -found at higher oxygen content. This defect complex acts as a donor (D) -acceptor (A) pair (D: Oxygen, A: V Al ) and participates to the energy transfer from the host to the emitting ions. [START_REF] Kita | Thermal annealing effects on ultra-violet luminescence properties of Gd doped AlN[END_REF] As annealing generates Al-O bonds and triggers the formation of V Al , its role on PL activation through both excitation routes appears evident. Nevertheless, under excess of oxygen, as in the Al x O y _60% sample, the PLE band close to 5 eV is drastically quenched. Upon incorporation of a large amount of oxygen, the density of V Al is likely decreased due to the coupling of the excess of oxygen over V Al and occupancy of the V Al sites by O atoms, as reported by Kita, T. et al [START_REF] Kita | Thermal annealing effects on ultra-violet luminescence properties of Gd doped AlN[END_REF] in the case of Gd-doped AlN. Hence, the density of V Al -2O N defect complex is reduced and the energy transfer path from this defect to the activator "Ce 3+ " is blocked. In addition, the PLE band at 4 eV became broader and blue shifted, probably due to the absorption of high number of activated Ce ions. It also can be concluded that Ce 3+ in Al 2 O 3 sample is directly excited. Excitation photon energy (eV) 7% oxygen_FG 13% oxygen_FG 60% oxygen_FG

2.3-Low temperature photoluminescence dependence (LTPL)

The PL behavior of rare earth-doped semiconductor at low temperature is a significant tool used to give information about the optical mechanisms. At low temperature, the non-radiative processes induced by phonon interactions are reduced. This leads to the modification of the PL signal due to a competition between the radiative and non-radiative processes. These modifications can be manifested in the PL intensity, position and spectral shape. Finding the good correlation between these PL evolutions with temperatures will lead to better understanding the excitation and recombination processes. Generally speaking, the PL intensity is commonly enhanced with cooling down the temperature of the material, due to the reduction of the non-radiative phonon interactions with the emitting species. However, the PL intensity evolution with the temperature can't be easily predicted. In some cases, where the excitation process depends on non-radiative energy transfer, lowering the temperature deactivate the energy transfer process and results in reduction of the PL intensity. In other cases, some emitting states exhibit thermal activation behavior that stimulates the radiative recombination, hence the PL intensity increases.

In the following, the PL has been studied as a function of temperature for 1% Ce-doped Al(O)N sample with oxygen content of 7%. The PL signals were recorded at different temperature values from 78 K to 295 K under excitation wavelengths 325 nm. Fig (4.26) shows the PL spectra recorded at different temperature. It can be observed that the PL intensity decreases with increasing the temperature. More precisely, the PL evolution with temperature exhibits PL thermal quenching from 78 K to 295 K by 65%, as seen in fig (4.26b). For more quantitative analysis of the PL (T) results, the thermal dependence of the PL intensity can be generally described by Arrhenius equation (4.3) using the single [208] or double exponential terms [117][118]:

, ( 4.3) 
where I(T) is the PL intensity at the temperature of T, I 0 is the integrated PL intensity at 78 K, E A1 and E A2 are the activation energies, c 1 and c 2 are fitting constants and k B is Boltzmann's constant. Therefore, the exponential decay behavior of ( ) versus T -1 can be used as a guide for Arrhenius fitting. The best fit for data for ( ) versus T -1 is given by a double exponential function, see fig of the host. In thermal quenching process, upon excitation of electron from 4f to 5d levels and increasing the temperature, this electron is likely transferred to the CB if enough thermal energy is gained to cross the 5d to CB barrier. The value of this energy is called "thermal activation energy E A " and depends on the relative energy distance between the excited 5d and the conduction band minimum (CBM) of the host, which varies according to the host material.

It is established that, Ce 3+ in crystalline hosts undergoes crystal field which induces splitting of the 5d level into two main sub-levels; lowest excited state 5d 1 and highest excited state 5d 2 .[209, 211] Therefore, the possible pathways for the electron transition to the CB have been proposed either in one step process (directly from 5d 2 -CB) or in two steps process (from 5d 1 to 5d 2 then 5d 2 -CB ), see schematic fig (4.28). This is greatly depending on the excitation and activation energy, as reported in.

[209] At low excitation energy, the electron excites to the lowest 5d 1 and may follow the two steps quenching process. On the contrary, at higher excitation energy, when the electron is excited to the highest 5d 2 state, it likely follows the one step quenching process. Because of the closer position of 5d 2 than 5d 1 to the CBM, the activation energy for the electron transfer from 5d 2 -CBM should be lower than the activation energy for 5d 1 -CBM transition. Based on the abovementioned physical meaning for the PL thermal quenching approach of Ce 3+ in wide bandgap material, the estimated activation energies from our sample can be interpreted as follows: Considering the location of lowest 4f states of Ce 3+ at around 2.5 eV in the AlN bandgap as reported in. [212][213] The energy difference between the emitting state (5d 1 ) and the ground state of Ce 3+ in our sample can be determined from the emission peak at around 500 nm (2.47 eV). Hence, the location of the 5d 1 state in the AlN bandgap is estimated to be around 4.97 eV (2.5+2.47 eV). By knowing that the bandgap of Ce-doped Al(O)N is around 5.5 eV as determined from the ellipsometry measurement, see fig (4.29). The energy difference 5d 1 -CBM is around 530 meV, which is very close to the summation of E A1 and E A2 (475+38.5= 513.5 meV). It is worth to mention that, in the case of the reported thermal quenching of Ce-doped YAG material[209], the 5d 1 -5d 2 energy difference calculated from the activation energy was found to be around 420 meV; while the 5d 2 -CB difference was 80 meV. By similarity, the 5d 1 -5d 2 energy difference in our Ce-Al(O)N can be considered around 475 meV for 5d 2 -CBM is around 38.5 meV for 5d 2 -CBM. The higher 5d 1 -5d 2 energy difference value (475 meV) in our sample than the one in Ce-doped YAG is in line with crystal field strength that supposed to be larger in nitrides than in oxides. Based on the that, the thermal quenching of Ce 3+ in Al(O)N host can be probably occurs in two cumulative steps as shown in schematic fig (4.28). The first one via transition of some excited electrons from 5d 2 to CBM with activation energy equal (38.5 meV). The second is by transition of part of the electrons from 5d 1 to 5d 2 with activation energy equal (475 meV), then to CBM with the 38.5 meV. Most of these issues can be addressed by finding a way to generate white light free from multi-phosphors to avoid the color mixing problems. Moreover, in a host material with a strong crystal structure and exhibiting high thermal conductivity in order to dissipate the unwanted heat is highly sought for the high power and long operation time. This is what recently proposed by A.T. Wieg et al.[41] The authors were able to obtain white light emission from Ce-doped AlN bulk ceramic material under UV excitation. AlN matrix is an excellent material exhibiting high thermal conductivity, chemical resistance and high transparency in UV-VIS range. Thus, it shows promising properties to be used as a host material for white light phosphors. Although, Wieg et al demonstrated the possibility of "color-mixing free" white light from bulk Ce-doped AlN ceramic, such white light from Cedoped AlN thin film is missing. This is highly desired to integrate white light in optoelectronic microchips technology (chip-on-board). In this section, we demonstrate the generation of eye-observed white light excited by 325 nm laser from 5 micron thickness Cedoped Al(O)N thin film prepared by RF magnetron reactive sputtering. Using the present approach of laser driven white light emission opens the way to achieve high power white light sources. In addition, we believe that, the simplicity and low cost as well as the industrial favorability of magnetron sputtering technique will push this approach forward to reduce the technological cost on large scale production. We hope these findings will act as a seed for generating new and cheap white light sources.

Therefore, a 1% Ce-doped Al(O)N sample of about 5μm thickness and containing about 7%

of oxygen was prepared. The idea behind increasing the film thickness is to offer several different local environments around Ce ions throughout the film thickness. As the film thickness increases, the crystallite size and the total number of defects are expected to increase too. Fig (4.30), displays the PL spectrum of this sample carried out using 325 nm laser as excitation wavelength. It is observed that the PL spectrum consists of broad band that can be de-convoluted into three sub-bands peaked at 422 nm (in the blue light region), 497 nm (end of the blue light region), This inhomogeneity in the oxygen distribution supports the previous hypothesis regarding the different local environments around Ce ions. We believe that, this approach of white light generation free from multi-phosphors colors and conducted in thin film is of great interest for the field of solid state optoelectronics.

4.1-Conclusion

This chapter was focusing on understanding the optical behavior of Ce doped AlN thin films.

The correlation between the structure/compositions and the optical behavior has been discussed in details during all the study. Crystalline thin films of undoped and Ce-doped AlN were prepared using reactive magnetron sputtering technique. The crystal structures of the prepared samples and the compositions have been examined by TEM, RBS, EDS and EELS.

It was found that presence of oxygen in "Ce-doped AlN" is essential for sensitizing the photoluminescence. Oxygen has been found playing major role not only in converting Ce ions from the optically inactive state +4 to the optically active one +3, but also leads to the formation of defect complexes with Al vacancies. These defect complexes were found to contribute in the excitation mechanism. This double role of oxygen is confirmed by EELS (for oxidation state of Ce identification) and PLE measurements (for defect complexes assignments). Therefore, an optical excitation and emission mechanisms have been proposed

based on the role of oxygen. Then, Ce 3+ ions are suggested to be excited directly and/or indirectly by energy transfer from the host defects. This proposed mechanism was found consistent with the interpretation of the PL results as well as confirmed by testing the PL behavior at higher concentration of oxygen. In addition, the role of annealing in the PL has been discussed and referred to generating local Al-O bonds and suppressing the nonradiative defect centers. Based on that, manipulation of the PL was achieved and different colors (blue, and green) were clearly observed by the naked eye. In addition, PL thermal quenching mechanism has been proposed by studying the temperature dependent PL behavior. The PL thermal quenching was proposed based on thermal ionization mechanism by electron transfer from the 5d levels of Ce 3+ to the conduction band. Moreover, white light approach has been presented and strong eye observed white light was obtained.

We hope that this dedicated study offers better understanding of the luminescence properties of Ce-based aluminum nitride, (oxy)-nitride, and oxide compounds that can be used in solid state lightening applications.

investigations, in particular on theoretical calculations. In addition, the energy separation between the ground and excited states of Yb 3+ equals ~ 1.23 eV and related transitions emit photons in near infrared region NIR (~1000 nm). This makes Yb 3+ competitive with the wellknown Nd 3+ ion that emits in the same region and is widely used in solid state lightening devices. Although Nd 3+ is widely used, from spectroscopic point of view, Yb 3+ exhibits some advantages over Nd 3+ .

[216] More precisely, the simpler structure of energy levels minimizes the cross relaxation, the up-conversion and excited-state absorption processes that lead to luminescence quenching in Nd ion systems. Hence, the possibility to higher output power can be obtained by reaching higher concentration of Yb than Nd before quenching occurs. In addition, the longer lifetime of upper excited states of Yb 3+ (~1ms) than Nd 3+ (~300μs)

provides a better storage of the pump energy, which is desirable in laser systems. However, the simple energy terms 2 F 5/2 and 2 F 7/2 of Yb 3+ becomes more complex when the ions experience strong crystal field interaction with the host material. This crystal electric field induces Stark splitting of the energy levels resulting in sub-band electronic transitions.

Furthermore, in some cases, additional electronic transition lines that can't be explained by the influence of the crystal field have been found. This suggests the existence of Yb 3+ in different optically active centers involving complexes with defects. [START_REF] Koubaa | Spectra and energy levels of Yb3+ in AlN[END_REF] This stimulates many studies to understand and exploit the behavior of Yb 3+ for lightening solid state application.

The energy separation between the ground and excited states of Yb 3+ (1.23 eV) higher than bandgap of silicon (1.12 eV), makes Si is not a suitable host for Yb. Therefore, researchers turned their attention to other host materials. III-V semiconductors appear the most promising hosts. They are characterized by a wide optical bandgap (above 2 eV) and excellent integration with silicon technology. Thus, many works were directed to investigate the optical properties of Yb-doped III-V semiconductors [217][218][219][220], with few attentions to Yb-doped IIInitrides, particularly to GaN.[111,[221][222] So far, Yb hasn't been given enough attention to be investigated as optically active ion in crystalline AlN. [78] Zanatta,A.R. et al,[112,223] have investigated the effect of thermal annealing on the optical properties of In the RBS spectra, the regions corresponding to the different elements are labeled (Yb, Al, Si, O, N). The content of each element is indicated in the inset table. There is no significant change in the elemental composition of the host (Al, N, and O) between the four samples. On the other side, different contents of Yb% (0.05, 0.5, 1, and 1.5%) can be clearly noticed.

The crystal structure of samples has been primarily investigated by XRD. No PL related to Yb 3+ ions have been reported in this region. NIR emission bands are characteristic luminescence signals of Yb 3+ usually accounted around (967-1030 nm), as reported elsewhere. [START_REF] Koubaa | Spectra and energy levels of Yb3+ in AlN[END_REF]226] These bands are centered at 985 nm and assigned to the optical transitions from 2 F 5/2 to 2 F 7/2 . For better analysis, spectra magnification of the NIR region is shown in fig (5.5) of well resolved peak at 985 nm, shoulder at 970 nm, a small peak at 994 nm with other small humps observed at (1000, 1005, and 1020 nm). In addition, a broad background at the base of the emission spectra can be observed, which is likely due to overlapping between unresolved spectral lines.

Regarding the excitation of Yb 3+ , it was reported that the absorption cross section of Yb 3+ ions located in NIR region around 980 nm overlapped with the emission spectra. [227][228][229][230] This makes the only possible way to excite Yb 3+ ions is directly pumped by using NIR wavelength such as 981 nm.[231-232] However, the direct excitation of Yb 3+ exhibits a weak cross section due to the lying of the 4f orbital in the core of the valence band. This is why much efforts have been spent to find an indirect more efficient way to excite Yb 3+ by energy transfer via another ion such as Ce, Nd… etc [233][234][235][236] In our case, intense NIR emission from Yb 3+ has been obtained by 325 nm excitation whereas Yb 3+ has no known absorption band in the UV-Visible regions. This evidences an efficient indirect excitation from the host AlN to Yb 3+ ions.

Moreover, as the 325 nm is fairly below the bandgap energy of AlN (~210 nm), this evidences that the energy transfer from AlN to Yb 3+ is mediated by matrix defects. This process appears to be enhanced by annealing. In order to test another pumping scheme, Yb-Al(O)N_FG sample has been excited by higher photon energy at 266 nm and compared with the PL obtained by 325 nm excitation, fig (5.6). It can be observed that the PL exhibits similar [241] Yb 3+ also exhibits similar behavior in crystalline materials as reported several times in GaN host. [222,226,242] However, to the best of knowledge, there is only one published article to date dealing with the energy levels of Yb in crystalline AlN. [START_REF] Koubaa | Spectra and energy levels of Yb3+ in AlN[END_REF] The authors reported on the calculation of the crystal field energy levels of Yb-doped AlN thin films using crystal field theory. Their theoretical results have been based on the cathodluminescence of the prepared sample. The cathodluminescence (CL) measurements (at 11 K) exhibits a CL spectrum contains up to 25 emission lines/shoulders/humps. The authors couldn't explain such complicated CL spectrum by assuming only the substitution of Yb 3+ in the Al (Yb Al ), and other different sites had to be proposed. They assumed another possible site for Yb 3+ associated with nitrogen vacancy V N to form a defect complex (V N -Yb) resulting in a good agreement between the measured and calculated energy levels. They also emphasized on the role of defects in the PL of Yb 3+ . Yb 3+ ions interact with the defects and produce binding photo-generated carriers or excitons, which participate in the energy transfer to the 4f-shell electrons.

In our case, the careful examination of the PL at 78k reveals 9 transitions manifested in lines, shoulders, and humps, see fig (5.10). The wavelength positions of the observed PL transition lines are reported in table (5.1): The number of PL lines (9 transitions) from our samples is much lower than the reported CL transitions (25 transitions) from Yb in AlN [START_REF] Koubaa | Spectra and energy levels of Yb3+ in AlN[END_REF] or the PL of Yb in GaN (25 transitions).[226] This suggests that Yb 3+ ions are located on a single site in our samples, likely substituting on the Al-site (Yb Al ). Therefore, the two spin orbit manifolds 2 F 7/2 and 2 F 5/2 are splitting into at most (2j+1)/2 sublevels, resulting in four and three crystal field levels (doublets the energy levels (in cm -1 ) have been used from the calculated energy levels reported in [START_REF] Koubaa | Spectra and energy levels of Yb3+ in AlN[END_REF] for Yb 3+ substituting on the Al-site (Yb Al ). Yb-site is changed, the strength and the excitation cross section as well as the branching ratio of the transition lines are expected to be altered. Regarding the two small peaks at 1049 nm and 1080 nm, the former one has been observed at very close value in Yb-doped GaN[226] without any clear assignment specified. However, the latter one is reported for the first time here. These two small peaks could be explained by the occupancy of another site occupied by Yb ions. [START_REF] Koubaa | Spectra and energy levels of Yb3+ in AlN[END_REF] However, based on their very small intensity, the density of such state must be very low compared to Yb Al .

As mentioned before, fig (5.9), two opposite PL behaviors are found in the PL evolution with temperature Transition bands indicated by black squares ■ (one in visible and one in NIR regions) are thermally activated (populated), unlike all other observed transitions, which are thermally quenched (de-populated). The PL intensity evolutions as a function of temperature for NIR band ■ (thermally activated) and integrated intensity for all thermally quenched lines from 2 to 9 are shown in fig. (5.12).

The integrated signal for lines 2 to 9 shows thermal quenching by about 23% while peak no. 1

shows PL enhancement by 30%.

PL thermal quenching can be explained considering the following arguments. It is widely accepted that the excitation of 4f-4f transitions in RE is achieved by energy transfer via a mediator. This mediator can be the host material (e.g. defects) or another ion (e.g. RE or transition metal). The PL thermal quenching pathways can be generally proposed through two channels: [START_REF] Lozykowski | Kinetics of luminescence of isoelectronic rare-earth ions in III-V semiconductors[END_REF]243] In the first channel, the gained thermal energy is partially absorbed by the excited mediator and leads to dissociation of its carriers before it transfers the excitation energy to the core localized f-f levels of the RE. In this case, the characteristic time of the quenching process should be shorter than the time of energy transfer to the f-f levels. In the second channel, the gained thermal energy is partially absorbed by the generated carriers from the f-f levels and leads to dissociation of these carriers before it recombines. The later can occur by back energy transfer to the mediator or to another defect that subsequently loses the energy either by radiative or nonradiative processes. This requires that the back energy transfer process is faster than f-f recombination process. It is worth mentioning that, any energy mismatch in the energy transfer process can be accommodated by phonons assistance.

The quantitative analysis of the PL evolution with temperature is performed using the Arrhenius equation, see equation (4.3) in the previous chapter. Fig (5.13) shows the data along with the best fit to the Arrhenius plot of integrated PL intensity for thermally depopulated peaks 2 to 9 in fig (5.10). From the fitting, two activation energies can be estimated, E a1 = 11.2 meV and E a2 = 1200 meV. In order to understand the physical meaning behind the two activation energies, the approach proposed in[117] can be used. The authors noticed that the thermal quenching in the PL emission lines of Er in GaN is accompanied with thermal activation (population) of other lines called "hot lines". In addition, they found that the estimated activation energy is very close to the energy mismatch (energy displaced) between hot and quenched lines. Following the same approach in our case, it is found that the energy displaced between the transition of highest energy within the quenched lines, peak 2 at 981 7 nm (1262 meV), and the thermally activated lines (■) at 972 2 nm (1274 6 meV) and 500 nm (2479 eV) equals 12.2 and 1217 meV, respectively. It is very consistent with the activation energies Ea 1 and Ea 2 , respectively. AlN. It is also interesting to do so not only for curiosity but for practical applications.

Recently, this RE system (Ce, Yb) has attracted great attention for energy down conversion.

In down conversion (DC), the energetic UV-VIS photons are converted to less energetic photons in the IR. This approach can be realized via energy transfer mechanism based on quantum cutting or down shifting phenomena. Quantum cutting (QC) is refereeing to splitting of one energetic UV/visible photon into two IR photons, while down shifting (QS) is a process of converting one energetic photon into one photon of lower energy. Specific attention is given to QC for the high quantum efficiency that could be obtained. A particular attention is given to down conversion in solar cell field. Effectively, the spectral mismatch of Si-solar cell with the solar emission spectrum significantly limits the cell efficiency because a significant part of the solar spectrum in UV-Visible is not efficiently used and is thermally dissipated.

The NIR emission of Yb has been integrated in this field coupled with different ions such as ). This means that one Ce ions can transfer its energy to two neighboring Yb ions.

In addition, due to the absence of energy sub-levels in Ce ions, the back energy transfer from Yb to Ce is expected to be minimized. Therefore, the large UV-Visible absorption property of Ce can be exploited to absorb the solar emission in this region, then transfer the energy to Yb ions. Fortunately, the emission spectrum of Yb around 1000 nm (1.2 eV) is in good match with the bandgap of silicon 1.1 eV. Consequently, energy transfer from Yb to silicon can occur. Therefore, coating silicon solar cell by a transparent layer containing Ce, Yb in down conversion coupling is expected to increase the solar cell efficiency.

However, this coupling system (Ce, Yb) has never been reported in AlN, which motivate us to go forward with this study. In addition, AlN is highly transparent in the UV-VIS. Therefore, it can efficiently transmit the solar emission and acts as a good protective layer for the cell.

Moreover, using sputtering technique is an additional advantage since it is used for large scale coatings suitable for solar cell production.

The main goal of this part is to investigate on the influence of co-doping on the optical mechanisms of Yb ions. Therefore, (Ce, Yb) co-doped Al(O)N thin films have been prepared.

The concentration of Ce was fixed to 1.5 at. % and the Yb content was varied between 0 and 1.5 at. %.

4.1-Structure of (Ce, Yb) co-doped Al(O)N sample

The crystalline structure of ( 1 

5.1-Photoluminescence

The PL of (1.5% Ce, 1% Yb) co-doped Al(O)N sample has been carried out using 325 nm and 266 nm cw lasers, as shown in fig (5.15). It is observed that the NIR emission related to Yb ions exhibits the same spectral shape under two excitation wavelengths and is characterized by single and sharp peak centered at 976.8

nm. In addition, small wide band at the base of the spectra is found, which usually referred to the overlapping of unresolved lines. In the visible region, two bands centered around 400 nm and 500 nm are detected. These bands can be ascribed to the emission of Ce 3+ and radiative defects from the matrix that emit in the same region. The two PL contributions from Ce and defects are difficult to be de-convoluted due to the overlapping between the two emission spectra. Under 325 excitation the band at 500 nm is more intense than the band at 400 nm but the situation is reversed under excitation at 266 nm. This may indicate different excitation mechanisms and/or modulation of the contribution from the matrix defects in the PL process.

Excitation by higher photon energy is supposed to increase the probability to involve more transition states in the emission process. For easier analysis and for comparison purposes, the PL spectra of Ce and Yb single-doped and co-doped Al(O)N are plotted together in fig (5.16). All these spectral modifications in the co-doped sample point to a significant role that might be played by the interaction of Ce with Yb ions. In order to explore this kind of interaction, information about the excitation mechanism in the co-doped sample should be considered.

Hence, PLE measurements have been done. Moreover, the PLE of the co-doped sample shows similar band shape at 3.8 eV for visible (505 nm) and NIR (976 nm) emissions, see fig (5.17b). This similarity in the shape between the excitation band of Ce 3+ and Yb 3+ at 3.8 eV is considered as a direct evidence for the energy transfer between the two ions.[234, 248] Thus, one can suggest that, the absorption of Ce contributes in the NIR emission of Yb 3+ . For further investigation of the energy transfer, (Ce, Yb) co-doped Al(O)N system has been examined using different concentration of Yb.

The PL of these set of samples is presented in fig (5.18). The PL spectra show a specific behavior that points to energy transfer from Ce to Yb ions as shown in the inset fig (5.18a). At 0% of Yb, we have only the visible PL band related to Ce ions. When the Yb% increases, the NIR emission appears and starts increasing. In the same time the visible PL band decreases. Further increasing the Yb content above 0.8 at. % reduces the NIR emission. This behavior can be ascribed to energy transfer from Ce to Yb. [211,[248][249][250] The decrease in the NIR emission at higher Yb% is attributed to concentration quenching phenomenon.

[251] The mechanism of concentration quenching can be described by resonant energy migration between the Yb ions that leads to non-radiative energy transfer between excited and un-excited Yb ions. Moreover, incorporation of higher concentrations of Yb generates more lattice defects/impurities that could act as quenching centers for the PL.

This Ce-Yb interactions might be the reason behind the appearance of the single PL peak at 976 nm in the co-doped rather than the several PL peaks/shoulders around 985 nm in single Yb-doped Al(O)N sample. This likely indicates that, the energy transfer from Ce ions results Wavelength (nm) 0% 0.6% 0.8% 1% 1.5% Yb% 1.5 % Ce:

 exc. =325 nm a)
in selective excitation to specific excited state in Yb 3+ and suppresses the other sublevels. This behavior suggests a cooperative energy transfer mechanism from one Ce ion to two Yb ions, which induces emission of two NIR photons with the same energy. However, further investigations are required to justify or decline this expected cooperative mechanism.

Therefore, time resolved photoluminescence (TRPL) measurements have been performed for further clarifying the energy transfer process. Unfortunately, evolution of Ce decay times couldn't be followed because of the very fast decay time of Ce and the limitation of our excitation and detection systems. However, the decay time of Yb ions could be probed and brought some information in this regard. Fig (5.19) shows the TRPL of the NIR emission of Yb in Yb-doped Al(O)N and (Ce, Yb) co-doped Al(O)N. indicates that the presence of Ce has no significant influence on the decay time of Yb 3+ .

However, the careful observation of the rise times in single and co-doped samples reveals a slower response rate in the co-doped as shown in fig (5.20). This strongly suggests the energy transfer mechanism mediated by Ce ions that stretches the excitation process of Yb 3+ . In all cases the rise time is found to be longer than the expected decay time of Ce, which is about few nanoseconds. If the energy transfer from Ce to Yb was a direct process, the rise time should correspond to the relaxation time from the 5d levels in Ce 3+ to the 2 F 7/2 of Yb 3+ .

[250] The long rise times obtained suggest that the energy transfer for Ce 3+ to Yb 3+ is not achieved through a direct process. J. Ueda et al,[250] considered that, the longer rise time of Yb in (Ce, Yb) system than the decay time of Ce is due to a slow nonradiative relaxation from a charge transfer state (CTS) to the 2 F 5/2 of Yb 3+ . In this case the energy transfer is achieved via one-to-one photon through CTS mechanism and not through cooperative mechanism (one-to two photons). The PL of (Ce, Yb) co-doped sample has been measured as a function of temperature from 78 k to 295 K in order to explore the influence of the crystal field as well as the thermal PL quenching mechanisms, as displayed in fig (5.23). It can be observed that both Ce and Yb emission bands follow similar PL evolution. When the temperature rises up to 295 K, the PL band related to Ce ions at the visible region exhibits thermal quenching by 40% from its maximum intensity value. In the same time, the NIR emission related to Yb 3+ is quenched by 50%. In addition, the spectral shape changes with temperature. PL at 78 K and 295 K are plot on fig (5.24a) for more clarity. The NIR emission peak at 976 nm is increased and slightly red-shifted when the temperature is decreased down to 78k. Moreover, a broad sub-band overlapped with small peaks starts to appear at the lower energy tail of the main peak at 976 nm. The higher PL intensity and appearance of new splitting peaks at low temperature have been discussed in the previous section of LTPL for Yb-doped Al(O)N. However, the splitting strength of the sub-levels in the NIR emission of (Ce, Yb) co-doped is rather weaker than in the case of Yb-doped Al(O)N, fig (5.24b). This can be attributed to presence of Ce ions and/or Ce with oxygen that likely reduces the crystal field strength of the host around Yb ions by screening or distorting the local surrounding environment. This could be considered as the reason behind the single peak shape of NIR emission in co-doping system.

The quantitative analysis of the PL evolution with temperature can be obtained from Arrhenius plot, fig (5.25a, b). The thermal quenching of NIR emission exhibits only one activation energy about 28.5 meV unlike for single Yb-doped Al(O)N that showed two activation energies. However, the same thermal quenching mechanism can be used in our interpretation. Effectively, the PL thermal quenching behavior for the peak at 976 nm (1270 meV) can be explained by the thermal activation of small pre-hump (■) at 953 nm (1300 meV), fig (5.24a). The energy mismatch between the two transitions is equal to 30 meV, which is very close to the calculated activation energy 28.5 meV, fig (5.25a). This indicates that the thermal de-population in the fundamental peak at 976 nm is accompanied by thermal population of another radiative state at 953 and the energy mismatch is compensated by the thermal activation energy of 28.5 meV. studied by following the PL evolution with low temperatures. The thermal quenching mechanism of Yb ions is proposed via back energy transfer to thermally populate other radiative states. In addition, we proposed that the reason behind the narrow NIR emission peak in the co-doped system is the reduction of the crystal field around Yb ions by Ce and O.

General conclusion

This project is dedicated to study the optical properties of rare earth-doped aluminum nitride thin films. More particularly, the work is oriented to investigate the luminescence mechanisms of selected RE elements incorporated in AlN thin films to be used as a candidate for lighting devices. Rare earth-doped III-V compounds attracted great attention since it shows direct and large optical bandgap in the range 2 eV to 6 eV, providing good opportunity to host the RE ions emit in ultraviolet-visible (UV-Vis) range. Also, it offers the possibility of the integration with semiconductor microelectronics. Among III-V compounds, hexagonal wurtzite AlN exhibits the largest direct optical bandgap (6 eV). In addition, it exhibits very interesting chemical and physical properties such as strong chemical resistance and large thermal conductivity. Thus, it is a promising candidate for integration in devices working at high power operation. Nevertheless, the optical mechanism of RE-doped AlN is still under debate, which motivates us to start this study in order to explore the optical behavior of this system.

For undoped AlN, well crystallized AlN thin films with high degree of c-axis orientation were prepared by reactive magnetron sputtering of an aluminum target. Controlling the preferred orientation by only tuning the N 2 % in the gas phase has been achieved. It was found that, the synthesis of highly c-axis oriented crystalline AlN is favored by depositing the coatings in nitrogen-rich reactive ambiance. The results have been interpreted on the basis of an improved mobility of adatoms assisted by the bombardment of the films by fast particles.

Intentional thermal assistance or increase of the discharge current were found to have similar beneficial influence on the crystallinity of the c-axis oriented films deposited under pure nitrogen conditions. This is explained by thermally-assisted increase in adatoms mobility in both conditions as supported by thermal probe measurement under different discharge currents. The optical constants (n, k) and bandgap of the prepared films have been modeled from spectroscopic ellipsometry measurements in transmission and reflection modes. This evidenced the possibility to tune the refractive index with the crystal orientation while keeping constant the bandgap. Our findings suggest that, the optical properties of the AlN films can be tuned via their crystallographic orientation which, in turn, varied by the amount of nitrogen in the gas phase. Moreover, some of the AlN optical anisotropy has been discussed. Significant birefringence and dichroism have been found in our prepared c-axis AlN, which point to the possibility of using AlN for efficient waveguide devices. Hopefully, this dedicated study offers better understanding to luminescence properties of Ce and Yb based aluminum nitride, (oxy)-nitride, and oxide compounds that can be used in solid state lightening applications.

Future perspectives

This work is not the end of the story, like any scientific research when you reach to what looks like the complete picture a lot of new and missing parts start to appear. Here, I would like to point to some of these parts hopefully to help me or someone else to build up on the present study.

Indeed, understanding the optical behavior of undoped and doped AlN materials opens the door to many future works that can better exploit the functional properties of such materials.

For instance, the undoped AlN shows very promising anisotropic features (birefringence and dichroism) which can be controlled by the experimental conditions. These features are of great importance in nonlinear optics applications. Therefore, we believe that a dedicated study to these nonlinear properties (e.g. second order nonlinear susceptibility) will provide new channels to apply AlN thin films in nonlinear chip-scale technology.

For Ce-doped AlN study, with our proposed approach, the manipulation of the photoluminescence is quite well controlled and understood. However, deep analysis for the defects characterization which play the major role in this PL is still missing. This will be part of our future interest by exploring such characterizations by using for example thermoluminescence technique. As well as, the scintillation properties of this material is not figured out yet. In addition, the electrical excitation (electroluminescence) of Ce-doped AlN thin films, which is needed for optoelectronic applications, is challenging due to the some insulation properties of AlN. Achieving the electroluminescence from Ce-doped AlN will be our main target in the near future.

For Yb and (Ce, Yb) co-doped AlN study, we think that this study still in the beginning stage, particularly the co-doped system, and more effort is needed to well understand the energy transfer between Ce and Yb ions. For instance, great potentials can be directed to find the optimum conditions for achieving down conversion via cooperative energy transfer (quantum cutting) at different REs concentrations and/or host compositions. transverse magnetic (TM) Polarizations. [START_REF] Xiong | Low-Loss, Silicon Integrated, Aluminum Nitride Photonic Circuits and Their Use for Electro-Optic Signal Processing[END_REF] Knowing that, the TE-mode is determined by n 0 and TM-mode by n e . [START_REF] Stegmaier | Mode control and mode conversion in nonlinear aluminum nitride waveguides[END_REF]260] Adjustment of these refractive indices can enhance the guiding efficiency. Furthermore, thanks to the significant large birefringence and high 2nd order nonlinear susceptibility, AlN attracts great attention in non-linear photonic circuits. R. Martin et al,[261] displayed the potential use of AlN for nonlinear optical applications based on quasi-phase matching by adjusting the optical anisotropic parameters of polar AlN films. In addition, M. Stegmaier et al [START_REF] Stegmaier | Mode control and mode conversion in nonlinear aluminum nitride waveguides[END_REF] reported on the applicability of using AlN waveguides for frequency mixing on chip scale. For instance, one of the well known frequency mixing processes is the second harmonic generation (SHG). Thanks to the high second order of c-axis

Annexes

AlN, this SHG process can be realized. [262] In order to get through the optical anisotropy of our AlN samples, spectroscopic ellipsometry (SE) has been performed. SE is a powerful tool in determining the ordinary and extraordinary refractive indices with high accuracy. In this regard, S. Shokhovets et al[263] demonstrated that SE is an excellent method that can be used for determining the optical anisotropy of thin film layer and overcomes on the limitations of the other methods like (prism coupling technique).

Herein, the anisotropic analyses are focused on sample 100% N 2 deposited at room temperature that exhibits good c-axis orientation (002) perpendicular to the substrate in the XRD, see fig (3.1). For comparison, the sample deposited at 80% N 2 , that shows small reflection contribution of (101) plane, has been also investigated. The three layers model system air/isotropic and uniform film/silicon substrate has been used to fit the modeled reflection (generated) to the measured data. It is observed that n e is always larger n o . This is in line with the positive birefringence for hexagonal wurtzite AlN reported by V.I. Gavrilenko et al. [264]. The dispersion behavior of the birefringence n can be given as shown in (B.2c). The birefringence value of 100% N 2 sample is higher than for 80% N 2 sample and the difference in the visible is significant at about 0.02, which highlights the role of texture on the anisotropic optical properties of AlN. This birefringence shows dependency to the incident photon energy (wavelength). For example, in sample deposited at 100%, the birefringence changes from 0.056 (@1770 nm IR) to 0.1 (@350 nm UV) as seen in fig (B.2c). AlN offers efficient wavelength conversion due to its high second order nonlinearity, hence second harmonic generation (SHG) can be achieved. This requires fulfilling the phase matching conditions between the pump and the SHG wave, which can be realized by adjusting n 0 and n e in c-axis AlN. Three optical transitions have been proposed from the conduction band Γ 7 to the valence band as follows: A (Γ 7 -Γ 7+ ), B (Γ 7 -Γ 9 ), and C (Γ 7 -Γ 7-) with energy positions 6.05 eV, 6.24 eV and 6.26 eV respectively. In addition, these transitions have been found not only to exhibit different energy positions, but also their transition probabilities (oscillator strength) are polarization dependence. It was reported that the transition probability of A is high for the polarized light with electric field parallel to the c-axis (E // c) and weak for perpendicular polarization (E ┴ c). The opposite behavior has been seen for the C transition. Moreover, B transition is only observed for (E ┴ c). M. Feneberg et al,[265][266] demonstrated that, the dichroism near the bandgap edge is dominated by excitonic interactions (free exciton, excitonphonon complex and exciton continuum). These anisotropic features near the bandgap are believed to be responsible for the anisotropy in the visible region. This is consistent with our observations of birefringence and dichroism in AlN. The 100%N 2 sample that shows strong dichroism near the bandgap edge also exhibits larger birefringence in the visible region as observed in fig (B.4). Y. Taniyasu et al, found that the extraction of emission light at 210 nm along the a-axis from AlN p-n junction in light emitting diode[267] is 25 times higher than the extraction of light along the c-axis. [START_REF] Taniyasu | An aluminium nitride light-emitting diode with a wavelength of 210 nanometres[END_REF] They attributed this remarkable result to the optical anisotropy of AlN. This is in line with our findings of higher extinction coefficient along the c-axis than a-axis that should imply less intense extraction of light along the c-axis due to the large absorption in this direction. where β is the integral breadth after subtracting the instrumental breadth line, θ is the diffraction angle, λ is the x-ray wavelength, L is the average crystallites size normal to the crystal planes, and <ε 2 > 1/2 is the local root-mean-square strain (microstrain). Hence, WH plots 

  photoluminescence.

  Ce manuscrit est organisé en cinq chapitres et une conclusion générale comme suit : Le chapitre un introduit les propriétés physiques, chimiques et optiques, la structure cristalline et la structure électronique du nitrure d'aluminium Une brève description des défauts structuraux du nitrure d'aluminium et propose et les applications de ce matériaux sont mentionnées Les mécanismes d'excitation de la luminescence au sein d'AlN généralement proposés sont décrits à la fin de ce chapitre. Les propriétés des terres rares sont également présentées avec un intérêt particulier pour le cérium et l'ytterbium Les configurations électroniques des ions libres de ces terres rares sont alors introduites et leurs propriétés de luminescence généralement observées sont discutées ainsi que les mécanismes associés de transfert énergétique et d'excitation généralement proposés lorsque ces éléments sont placés X dans des matrices solides. Finalement, la nécessité de mener une étude sur les propriétés d'émission et d'excitation du cérium et de l'ytterbium dans AlN est motivée. Le second chapitre décrit les méthodes et techniques expérimentales utilisées pour synthétiser et caractériser les films d'AlN non dopés et dopés Ces méthodes sont détaillées en veillant à faire apparaître les principes fondamentaux et les caractéristiques utiles pour ce travail. Le troisième chapitre présente et discute les résultats liés à la préparation des films d'AlN non dopés et d'appliquent à sélectionner les conditions idéales de croissances des films utilisées pour le reste de l'étude Une attention particulière est portée sur l'optimisation des propriétés structurales et optiques. Un modèle de croissance est notamment proposé qui fait intervenir la manipulation de la mobilité des adatoms par l'intermédiaire de la teneur en azote dans la phase gazeuse et du flux d'atomes se condensant pour former les films Le quatrième chapitre corrèle la luminescence aux propriétés microstructurales et chimiques locales des films de nitrure d'aluminium dopés avec du cérium Il propose également des modèles permettant d'expliquer la luminescence de ce matériau, éventuellement applicables à d'autres matrices L'émission optique des films AlN et Al(O)N dopés au cérium est étudiée à partir de deux longueurs d'onde d'excitation Des mesures de PLE, de PL résolue en temps et en température sont présentées et analysées. La luminescence est également manipulée par l'intermédiaire de l'épaisseur des films et de la composition de la matrice, plus particulièrement du ratio O/N, de façon à obtenir de façon contrôlée des émissions bleue, verte et blanche. Le cinquième chapitre vise à comprendre les mécanismes optiques dans les films de nitrure d'aluminium co-dopés sur la base d'une étude comparative des films dopés au cérium et/ou à l'ytterbium La microstructure et la composition des échantillons préparés sont caractérisées et les propriétés optiques mesurées en utilisant la spectroscopie de photoluminescence à température ambiante, la PLE, la photoluminescence résolue en temps et thermiquement. Les mécanismes d'extinction de la photoluminescence de transfert énergétique entre le cérium et l'ytterbium ont notamment été mis en évidence en utilisant la photoluminescence à basse température et les mécanismes d'excitation ont été déterminés à partir de la PLE.

  Fig (1.2): Schematic diagram of the electronic configuration of Al and N atoms.
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 1 Fig (1.8): Schematic diagram revealing the absorption, fluorescence and phosphorescence process.

Fig ( 1 . 9 )

 19 Fig(1.9): schematic diagram illustrates the energy transfer process from sensitizer to activator.
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 1 Fig (1.10): Schematic diagram for the Forster and Dexter energy transfer.
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  photoluminescence(PL), time resolved (TRPL), low temperature (LTPL) and photoluminescence excitation spectroscopies have been carried out to investigate the emission and related mechanisms in the films.
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 2 Fig. (2.1): Schematic diagram showing the different energetic species involve in the DC sputtering discharge, adapted from. [113]
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 2 Fig. (2.2): Schematic diagram for our reactive magnetron sputtering experiment.
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 2 Fig. (2.3): Photo of the used Al and Al/RE targets.
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 2 Fig. (2.4): XRD of AlN thin films deposited at different gas compositions N 2 %.
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 2 Fig (2.5): Schematic of the home made thermal probe.  i corresponds to the incident energy flux while ( 1 ,  3 )

Fig ( 2 6

 2 Fig (2 6): Schematic representation of Bragg's diffraction process
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  electron gun), a sample holder, electromagnetic lenses and detectors. Set of electron lenses and apertures are and placed before and after the sample holder to control and manipulate the emitted and the transmitted electron beams. All the setup has to be operated under high vacuum conditions in order to avoid scattering of the electrons by the background gas. The schematic diagram of the ray path in TEM is presented in fig. (2.7a). The electrons are generated by electron gun and accelerated to the required high energy directed to the specimen. Then, the transmitted and scattered electrons are collected by objective lens forming a diffraction pattern (DP) in the back focal plane and intermediate image in the image plane. Therefore both the image and the diffraction pattern (DP) are present simultaneously in the TEM. Switching between the two modes (image and DP) can be achieved by changing the strength of the intermediate lens and inserting aperture called (objective aperture) in the back focal plane in case of image mode or inserting aperture called (SAED aperture) in the image plane in case of DP mode.In imaging mode, the position of the objective aperture can be used to select different imaging modes (e.g. bright field or dark field) as shown in fig(2.7b, c). In bright field (BF) mode the objective aperture is placed such that allows only the transmitted beam to pass and form the image. Whereas, in the case of dark field (DF) the transmitted beam is blocked and one or more diffracted beams are allowing to pass.
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 2 Fig. (2.7): Schematic diagram showing cross section view of the ray path in a) all the TEM column, b) bright field mode c) dark field mode. [115]
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 2 Fig. (2.8): Bright and dark images as well as SAED pattern of a prepared AlN thin film sample.
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 2 Fig. (2.9): EDS spectrum of Ce-doped Al(O)N sample.
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 2 Fig. (2.10): Typical EELS recorded from an AlN sample

Fig. ( 2

 2 Fig. (2.11): RBS spectra of Ce-doped AlN thin film.

  is corresponding to photons with enough energy to excite group of atoms to vibrate with respect to their bonds. These vibration motions consist of vibrational transitions with distinct energies. Therefore, each molecule with different type of bonds absorbs certain wavelengths. Thus, FTIR is widely used in identification of unknown materials. The main component of an FTIR apparatus is the interferometer. The most common interferometry configuration used in FTIR is the Michelson interferometer. Fig(2.12) displays the basic component of Michelson interferometer. It consists of two mirrors (moving and stationary), beam splitter, sample holder and detector. The incident light shines on the interferometer and is split into two beams by a beam splitter. One beam is directed to a stationary mirror and used as a reference. The second beam is directed to a mirror moving at specific speed. The reflected two beams recombine at a specific point at the beam splitter and are then directed to the detector. As this mirror moves, each wavelength of light in the beam is periodically blocked and transmitted by the interferometer, due to wave interference. Different wavelengths are modulated at different rates, so that at each moment the beam coming out of the interferometer has a different spectrum. Then, a computer processing (Fourier transform) is applied to obtain the absorption spectrum of the material.
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 2 Fig. (2.12): Schematic diagram of a Michelson interferometer.

Fig

  Fig. (2.14): Experimental setup of ellipsometry measurement in reflection mode.
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 2 Fig. (2.15): Measured and fitted ellipsometry parameters (Ψ, Δ)
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 2 Fig. (2.16): a) PL spectra as a function of temperature and, b) is ( ) versus T -1 for Arrhenius guiding of 1% Ce-doped Al(O)N sample performed by excitation wavelength 325 nm.

  Fig. (2.17): Photoluminescence experimental setup for room and low temperature measurements.
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 2 Fig. (2.18): Schematic figure showing the dynamics parameters of time resolved photoluminescence experiment.
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 2 Fig. (2.19): Time resolved photoluminescence experimental setup.

Fig. ( 2

 2 Fig. (2.20): Photoluminescence excitation experimental setup.

  [129][130] This method takes into account the standard intensities of the crystallographic planes compared with the measured intensities of the grown samples and used to confirm the preferred orientation of one plane over the others. For deep further analysis of the crystal quality, rocking curve measurement can be used as useful tool to indicate the perfection of the crystallographic orientation along a specific plane.[131-132] Therefore, understanding the correlation between the sputtering conditions and the preferred orientation of AlN thin film has established itself as an important topic of interest in research.[133] Currently, c-axis oriented AlN films are intensively studied for use in optoacoustic devices as they exhibit optical and acoustic properties similar to those of singlecrystal AlN films.[132] Thus, a comprehensive study about the influence of growth conditions on microstructure development in AlN thin films is one of the objectives of this chapter.

2. 1 . 1 -

 11 Crystallographic orientationsX-ray diffractogram (XRD) has been used in order to determine the preferential crystallographic orientation of AlN thin films. Figure(3.1) shows the X-ray diffractograms of the AlN thin films deposited on (100) Si and c-sapphire substrates prepared at total pressure 4.4 mtorr for various compositions of the gas phase N 2 % under DC sputtering mode.

Figure ( 3

 3 Figure(3.1): X-ray diffractograms, in symmetric -2 configuration, of c-AlN films synthesized using different N 2 % gas ratio on silicon and sapphire substrates.

  the crystallographic orientation of this sample, XRD in asymmetric geometry configuration with tilting angle equal 1 o and TEM image have been collected, see fig(3.2). The (101) peak becomes clearly evident in the X-ray diffractogram and columns are visible on the TEM image but are tilted with respect to the growth direction on the TEM image. Assuming each column is a single crystal, the results indicate columns have mostly (101) planes perpendicular to their long axis but this long axis is tilted with respect to the growth direction.This explains the absence of signal in the x-ray diffractogram measured in symmetric condition that probes only planes parallel to the film surface.

Fig.( 3

 3 Fig.(3.2): a) Asymmetric XRD and, b) TEM micrograph of sample prepared with 50% N 2 on sapphire.

Fig.( 3

 3 Fig.(3.3): Texture coefficient, average crystallite size along [001] and target voltage as a function of N 2 % deposited on silicon and sapphire substrates.

  Fig. (3.4): Averaged size of crystallite along [001] with texture coefficient of the AlN thin films deposited on silicon and sapphire substrates.

  the energy of adatoms either by increasing their mean free path (e.g. working at low pressure) or applying a large substrate bias voltage in radiofrequency sputtering has been investigated.[140] The film-forming adatoms of high energy have sufficient fuel to drive themselves to thermodynamically favorable sites.[132] By combining the above interpretations one can reach the conclusion that it is necessary for the adatoms to have sufficient energy and enough time to find and rest at the most favorable thermodynamic and crystallographic sites.

  modification in the plasma conditions and/or the change in target surface composition when the nitrogen content in the gas phase is increased[141]. At high N 2 partial pressure, the Al target is covered by a thin layer of AlN x . The work function of AlN (5.33 eV) is higher than that of metallic Al (4.08 eV)[142] and the secondary electron emission coefficient is expected to decrease upon target nitriding, explaining why the target voltage increases.[143] Films grown by sputtering process commonly suffer from bombardment by different kinds of high energetic species during growth, such as sputtered, reflected atoms, and highly energetic negative ions[144], see the schematic diagram (2.1) in experimental chapter. According to Thompson distribution,[145] the most common energy of the sputtered species equals half the surface binding energy of the target layer (SBE/2). By taking into account the surface binding energy (SBE) of AlN (10.8 eV) and Al(3.36 eV), sputtered species have higher energy for a nitrided target surface (AlN x ) than for a metallic one (Al).[146-147] Hence, atoms sputtered under nitrogen-rich conditions sputtered can transfer more energy to the film as they impact it.Moreover, the contribution of species backscattered by the target surface species and bombarding the substrate surface should also be considered. Their kinetic energy mainly depends on the mass ratio between the target material and the projectile ions (Ar + and N 2 + ).The energy of backscattered Ar and N atoms can be calculated from the following equation

  Fig (3.5): XRD of AlN samples deposited at 100% N 2 and different target current and substrate temperature.

Fig. ( 3 . 6 )

 36 Fig. (3.6) shows a schematic diagram representing the preferred orientations under three different sputtering conditions; room temperature growth at discharge current 0.05 A (I. 50% and II. 100% N 2 ) and thermal assistance growth at 200 °C and 0.1 A (III).

Fig ( 3 . 7 )

 37 Fig(3.7): Thermal probe temperature as a function of the discharge current. The inset shows the schematic of the home made thermal probe.  i corresponds to the incident energy flux while ( 1 ,  3 ) and ( 2 ,  4 ) correspond to the energy dissipated by the thermocouple and holding wires, respectively.

  Fig(3.8): The probed substrate temperature as a function of deposition total pressure at 100%N 2 and targetsubstrate distance 5 cm.

  Fig (3.9): TEM images of samples prepared at a) 50%, and b) 100% N 2 . The white arrows are to indicate the growth direction.

Fig. ( 3 Fig ( 3 .

 33 Fig. (3.10): AFM images of AlN samples prepared at 100% N 2 and 50%N 2 .

Fig ( 3 .

 3 Fig (3.13): TEM of sample deposited at 100% N 2 with target current of 0.1 A and substrate heated to 200 C. Inset: the corresponding SAED collected from the area marked by the circle.

Fig ( 3 .

 3 Fig (3.14): HRTEM for sample deposited at 100% N 2 with a target current of 0.1 A and substrate heated to 200 C. The inset: magnification of the area (indicated by the white square) between two columns.

  Fig(3.15):UV-VIS transmittance spectra of AlN samples deposited on sapphire substrates.

Fig. ( 3

 3 Fig.(3.16) displays the energy dispersion of the films' optical constants k(E) and n(E) determined by the fitting procedure described in annex A. The extinction coefficient k (fig.3.16a) remains lower than 0.02 in the visible and infrared wavelength ranges. It exhibits weak absorption bands originating from structural disorder and localized defects. The structural or thermal disorder create states that exponentially extend inside the bandgap and form absorbing shoulder appearing just below the bandgap, called Urbach's tail.[158] 

Fig ( 3 .

 3 Fig(3.16): a) and b) extension coefficient and refractive index as a function of photon energy, respectively, for all AlN samples prepared at different gas compositions with and without thermal assistance.

Fig ( 3 .

 3 Photon energy (eV)

  Fig(3.19): a) XRD, and b) TEM with SAED pattern (inset) of AlN sample prepared at 65% N 2 and RF power 100 W and total pressure 0.6 mtorr.

Fig ( 3 .

 3 Fig(3.20): The dispersion relation of AlN thin film samples deposited using RF and DC plasma discharge mode.
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Fig. ( 4

 4 Fig. (4.1): XRD of Ce-doped AlN as-deposited films at different Ce concentrations.

Fig. ( 4

 4 Fig. (4.2): RBS spectra for three selected as-grown Ce-doped AlN films.

  Fig. (4.4): XRD of as-deposited and annealed undoped and Ce-doped AlN films a) is the full range from 20° to 120°. b) is focusing around the 002 peak.

  ) inside the lattice could generate more defects under the thermal treatment. This likely occurs by initiating new kind of bonds with the surrounding atoms that degrade the crystal lattice structure. The degradation of XRD intensity in the doped samples in comparison to undoped ones is a familiar effect, particularly when the dopant atoms have larger ionic size than the native atoms. The degradation of the crystallinity is usually attributed to the lattice stress induced by the foreign atoms. In most cases the dopant atoms have either size and/or valance state mismatch with the substituted atoms that disturb the local environment. In our case, the ionic radii of cerium ions Ce 4+ (101 pm) and Ce 3+ (115 pm) are much larger than the ionic radius of Al 3+(67.5 pm). Effective substitution of Al by Ce leads to local changes in the crystal lattice and, in turn, affects the electronic structure of the material as well.[173] The change in the XRD linewidth and the increase of the c-axis parameter are indicative parameters of the microstructure modifications. For instance, the average strain over whole the thickness of the film (macrostrain) results in change in the c-axis and, in turn, shifting of the XRD signals. A significant shift in the XRD (002) peak position towards lower values in the diffraction angles is observed in the doped samples with respect to undoped ones, see table(4.1). This indicates that incorporation of Ce ions introduces strong macrostrain. The condensation process of the vapor phase itself can lead to macrostrain in undoped coatings with respect to the c-axis parameter for bulk AlN. See annex (C) for microstrain and macrostrain calculations.

Fig. ( 4

 4 Fig. (4.5): FTIR spectra for as-deposited and annealed a) undoped AlN, and b) Ce-doped AlN
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 15 Microstructure and compositionTEM measurements have been performed to get inside the microstructure of the prepared samples. Fig(4.6) shows the TEM images and the corresponding selected area electron diffraction (SAED) for undoped and Ce-doped AlN samples. All samples exhibit columnar structure with columns aligned in the growth direction and c-axis of the wurtzite cell of AlN perpendicular to the surface of the substrate. The SAED of the undoped sample shows that (002) spots are more localized compared to those of doped samples, which are slightly elongated. This indicates the small tilting of the (002) planes with respect to the film surface due to incorporation of the Ce ions. The TEM image of the doped sample after RTA in Ar evidences a bilayer structure, see fig (4.6d). The top layer (about 35 nm-thick) exhibits granular crystallites. This top layer has been found not only in this sample but in all of our Cedoped AlN samples annealed in Ar atmosphere. A deep look inside this top layer indicates that, it contains voids and clusters with different orientations, as evidenced by the HRTEM and FFT in fig (4.6e). A similar surface modification phenomenon in post-deposition annealed films has been reported previously in RE-doped GaN.[174] It was attributed to the release of N surface atoms out of the sample during the annealing at high temperature (above 800ºC) leaving N vacancies that could cluster to form voids and change the crystal structure. In addition, at high annealing temperature the partial pressure of residual oxygen inside the oven significantly increased.[175] Hence, as (N) atoms diffuse out of the film, residual oxygen atoms find an open way to substitute the (N) sites and alter the microstructure. To obtain precise information about the composition of the top layer, RBS have been performed for this sample and compared with the results of the as-deposited counterpart. Fig (4.7) shows the RBS spectra for as-deposited and after RTA in Ar for a Ce-doped sample. The regions corresponding to the different elements are labeled for identification. For each element (N, O,

Fig. ( 4

 4 Fig. (4.6): TEM images and corresponding SAED patterns for undoped AlN (a), CeAlN_As (b), CeAlN_FG (c) and CeAlN_Ar (d). (e) HRTEM image with corresponding FFT of different regions at the interface between the top layer and the rest of the film in Ce AlN_Ar sample.

Figure ( 4 . 8 )

 48 shows the room temperature PL with excitations at 325 nm and 266 nm. The PL shows the same behavior under both excitation wavelengths. Ce-doped AlN sample after RTA in Ar exhibits a strong blue PL intensity as compared to the other samples. The broad PL band is centered at 500 nm and the blue emission can be clearly seen by the naked eye, as shown in the inset of Fig.(4.8a). This PL band is in good agreement with a Ce-related emission. Other samples, undoped and doped (as-deposited and after RTA in FG), show one order of magnitude weaker PL intensities than the Ce-AlN sample annealed in Ar, as seen in the inset of fig(4.8a). These weak PL bands (400-600nm) are usually observed in AlN and attributed to defects inside the bandgap. These defects have mostly been assigned to V Al and oxygen related defects.[178][179][180] The weak PL intensity might also indicated presence of low concentration density of optically activated Ce ions even after annealing in FG. This behavior was similarly observed in all of our samples with different cerium contents.

Fig. ( 4

 4 Fig. (4.8): PL of undoped and Ce-doped AlN films excited by a) 325 nm and b) 266 lasers. Inset of fig (4 a): Magnification on the very weak spectra for clarification. Inset photo image: visible blue light emitted from the photo-excited CeAlN_Ar film.

  For instance, fig(4.9) shows PL spectra of two samples containing different Ce% (0.7 and 2.5 %) and post-deposition RTA annealed in Ar, N 2 and FG. The two samples exhibit weak PL intensity in case of RTA_FG compared to RTA_N 2 and RTA_Ar. This indicates that the PL intensity evolution is linked with the annealing atmosphere and exhibits common behavior in Ce-doped AlN materials independently of the Ce concentration. As indicated above, annealing in Ar results in the formation of a superficial oxidized layer. Therefore, one can suppose that the oxidation plays a role in the photoluminescence. This assumption can be supported by considering the thermodynamic findings of C.-Y.Lin et al[175], who demonstrated that the level of oxidation of AlN annealed in N 2 is higher than annealed in FG because of the difference in the Gibbs free-energy of oxidation, ΔG, at around 1000 °C; ΔG(N 2 ) =-581 kJ/mol<< ΔG(FG) =-491 kJ/mol. This could explain the higher PL intensity in RTA_N 2 than in RTA_FG.

Fig. ( 4

 4 Fig. (4.9): PL spectra of Ce-doped AlN post-deposition annealed at 1000 °C/5 min in Ar, N 2 and FG for two samples a) 0.7% Ce and b) 2.5% Ce.

Fig. ( 4

 4 Fig. (4.11): EELS at Ce M-edges peaks for a) CeAlN_As, and b) CeAlN_FG.
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Fig. ( 4

 4 Fig. (4.12): a) TEM image for Ce AlN_Ar labbelled with the location of corresponding EELS measurements for Ce M-edges peaks at b) the top layer c) the bottom layer.

  avoided. Therefore, several studies were dedicated to figure out the role of oxygen in AlN. It is widely established that oxygen enters AlN as Al 2 O 3 not as AlO. Therefore, the incorporation of oxygen inside AlN proceeds by substituting the nitrogen sites accompanied by formation of aluminum vacancies for charge balance according to the following equation:[188] AlN + x Al 2 O 3 = Al 1-1/3x N 1-x (O N ) x .

  have used hybrid-functional calculations to determine the formation energy, transitions levels and the optical properties of defects in AlN. Their results show that the association of O N and V Al leads to formation of V Al -O N complex and involves electron transfer from O N to V Al . They also demonstrated the formation energy of the most common defects in AlN as a function of Fermi level as displayed in fig (4.13).

Fig. ( 4

 4 Fig. (4.13): Formation energies as a function of Fermi level for the nitrogen vacancy V N , aluminum vacancy V Al , oxygen impurity O N , and vacancy oxygen complexes V Al -O N and V Al -2(O N ), under (a) N-rich and (b) Al-rich conditions.[191] 

Fig. ( 4

 4 Fig. (4.14): PLE spectra recorded at emission peak 500 nm for the Ce-doped AlN_Ar film.
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Fig. ( 4

 4 Fig. (4.15): PL of two Ce-doped AlN samples annealed in Ar and prepared at Al-rich and N-rich conditions.

  Fig. (4.16): a) Schematic presentation for the different proposed processes occurred in oxygen doped Ce-AlN. b) Schematic model for the formation of the defect complex V Al -O N in AlN.[204] When the oxygen diffuses inside AlN, it creates three kinds of defects (donor level O N + , acceptor level V Al and V Al -O N defect complexes) which contribute significantly in the photoluminescence. Both O N and V Al defects contribute in the valance state change of Ce 4+ to Ce 3+ . In addition, a nearby O N and V Al defects interacts to form the defect complex V Al -O N , as depicted in fig (4.16b), which participates in the excitation mechanism, as assigned in the PLE fig (4.14). The previous findings clearly show the essential role of oxygen in the photoluminescence of Ce-doped AlN. To confirm our previous interpretation oxygen has been intentionally introduced during the growth of Ce-doped AlN films.

Fig. ( 4

 4 Fig. (4.17): PL spectra for as-deposited, Ar, and FG annealed 1% Ce-doped Al(O)N sample with oxygen content 7%.

Fig ( 4 .

 4 Fig. (4.18): XRD of as-deposited Ce-doped AlN and Ce-doped Al(O)N samples.

  findings about the diffusion of oxygen inside the layer during the post-deposition annealing in Ar. On the other hand, to figure out the oxidation state of Ce ions in these samples, EELS has been performed at different points in each sample. Fig(4.20) shows the EELS spectra for the as-deposited, RTA_Ar and RTA_FG samples. All samples reveal EELS signals very close to the signature of Ce 3+ , which means a majority of optically active ions are present in these samples even in the as-deposited sample.

Fig. ( 4

 4 Fig. (4.20): EELS at Ce M-edges peaks for as-deposit and annealed Ce-doped Al(O)N.

  Photon energy (eV)

  Ce-doped Al(O)N sample has been performed and compared with that of Ce-doped AlN sample, see fig (4.21). The HRTEM images of both samples show local structural defects indicated by the red arrows in fig (4.21a, b), likely induced by dopant atoms. More precisely, the HRTEM of Ce-AlN_As shows some random local structure disorder (as indicated by the red arrows, fig (4.21a)) that may be due to incorporation of Ce ions. This local disorder in the microstructure leads to significant microstrain, as mentioned above (see annex C) and reported in.[206] However, the crystallites are mostly oriented along the [002] direction of AlN (see, the direction of the white arrows) as also evidenced by the intense localized spots in the diffraction pattern, as show in fig (4.6a). The HRTEM image of Ce-Al(O)N_As sample reveals a higher density of structural defects. In particular, some regions appear with amorphous-like structure (indicated by the red arrows fig (4.21b)) and lateral discontinuity in the atomic arrangements near the grain boundaries (white arrays of arrows) is observed. In addition, crystallites present different crystalline orientations along the growth direction

Fig. ( 4

 4 Fig. (4.21): HRTEM of a) 1% Ce-doped AlN, and b) 1% Ce-doped Al(O)N with 7% oxygen.

  Fig. (4.22) shows HRTEM image and the corresponding Fast Fourier Transform pattern (FFT) for 1% Ce-doped Al x O y containing 60% oxygen. The HRTEM image displays very small nanocrystals of Al 2 O 3 that can be observed by the highlighted lattice planes and identified to Al 2 O 3 by indexing the FFT (JCPDS 46-1212). Hence, this sample can be considered as the oxide counterpart to our set of Ce-Al(O)N samples.

Fig. ( 4

 4 Fig. (4.22): HRTEM image and FFT pattern of 1% Ce-doped Al x O y contains 60% oxygen sample.

Fig. ( 4

 4 Fig. (4.23): PL spectra with the corresponding eye observed emission photos of post-deposition annealed Cedoped Al(O)N at oxygen contents of 7%, 13% and Ce-doped Al x O y _60%.

  [112] Moreover, annealing at such high temperature can provide sufficient energy to initiate new local bonds between oxygen with Al and/or Ce atoms. In order to gain information about the influence of annealing on the bonding structure, EELS at the Al L 2,3 -edgeswere measured in Ce-doped AlN, Ce-doped Al(O)N, and compared to Ce-doped Al x O y sample, fig (4.24). It can be observed that major changes are detected in EELS spectra around 80 eV and 124 eV bands. The shape of the 80 eV band, consisting of three sub-bands, is the same for AlN and Al(O)N hosts, while it is different in the case of Al x O y . Hence, this band can be used as a sign to the general phase transition from AlN to Al x O y , as reported elsewhere.[207] On the other hand, the band at 124 eV is practically absent in AlN and as-deposited Al(O)N while it is intense in Al x O y and annealed Al(O)N. This band is also a feature of the electronic structure of Al 2 O 3 .[207] This infers that the annealed Al(O)N exhibits some Al x O y characters even if the material is mostly AlN, which can be explained by the local formation of Al-O bonds in annealed Al(O)N.

Fig. ( 4

 4 Fig. (4.24): EELS at the Al L 2,3 -edges of as-deposited and annealed Ce-doped AlN, Ce-doped Al(O)N, and Cedoped Al x O y samples.

  Photon energy eV

Fig. ( 4

 4 Fig. (4.26): a) PL spectra as a function of temperature of 1% Ce-doped Al(O)N with 7% oxygen sample performed by excitation wavelength 325 nm. b) Normalized PL integration intensity as a function of temperature.

Fig. ( 4

 4 Fig. (4.27):( ) versus T -1 for Arrhenius guiding of 1% Ce-doped Al(O)N with 7% oxygen sample under excitation wavelength 325 nm.

( 4 .

 4 27). Two activation energies E A1 and E A2 (about 475 meV and 38.5 meV, respectively) can be extracted. The mechanisms of the PL thermal quenching of Ce 3+ in wide bandgap materials has been discussed previously in.[209] The most consistent mechanism for Ce 3+ thermal quenching is the thermal ionization process via activating electron transfer from the excited 5d level of Ce to the conduction band of the host material.[209][210] This mechanism based on the relative location of the excited 5d level of Ce to the conduction band minimum (CBM)

Fig. ( 4

 4 Fig. (4.28): Schematic diagram illustrating the thermal quenching process in Ce-doped Al(O)N with the indication of the calculated activation energies.

Fig. ( 4

 4 Fig. (4.29): Extinction coefficient as a function in photon energy for Ce-doped Al(O)N sample.


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Fig. ( 4

 4 Fig. (4.30): PL spectrum of annealed 1% Ce-doped Al(O)N of 7% oxygen and 5μm thickness

  (end of yellow region). This broad band can be explained by considering the effect of film thickness as follows:Due to the large thickness of the film, Ce 3+ ions have the opportunity to experience different environment, for instance when located inside the grains or in the grain boundaries.Moreover, the total number of defects in 5 μm-thick film is much higher than in 200 nm-thick films. Such different locations of Ce ions and higher total number of defects offer different local environment around Ce ions in different areas throughout the film. Since the d-level of Ce 3+ is very sensitive to the environment, the energy position of the emitting states can be shifted, as described before. This stimulates slight different PL bands from different locations of Ce along the film thickness. This is in line with our previous PL of different colors (blue and green) obtained from oxynitride hosts, see(fig 4.23). In addition, a significant PL intensity from the radiative defects of AlN in such large thickness should be considered. The combination of emissions from Ce and defects from the entire film thickness of AlN results in broad emission[START_REF] Wieg | Broadband white light emission from Ce:AlN ceramics: High thermal conductivity down-converters for LED and laser-driven solid state lighting[END_REF] and strong white light emission occur and can be seen by the naked eye, see fig(4.31).

Fig ( 4 .

 4 Fig (4.31): White emission photos with bright and dark background from 1% Ce-doped Al(O)N of 7% oxygen and 5μm thickness excited by a 325 nm laser

Fig. ( 4

 4 Fig. (4.32): TEM and EDS map images for sample that emits white light. a) TEM image at low and high (inset) magnification, b) The selected part of the film underwent EDS analyses, c) and d) are the corresponding EDS map probing Ce L and O K edges; respectively.

  amorphous/nanocrystalline AlN thin films considering Yb among other RE ions.Koubaa, T., et al[78] theoretically studied the spectral and energy levels of Yb in crystalline AlN thin films based on cathodluminescence measurements. However, a dedicated study of the optical excitation and emission mechanisms of Yb in crystalline AlN is missing. This lack in the available information stimulates us to perform this systematic study on Yb-doped crystalline AlN thin films. Al(O)N thin films have been prepared using RF reactive magnetron sputtering. For comparison purpose with the previous Ce-Al(O)N study, the Yb-Al(O)N samples have been prepared with about ~ 7% of oxygen. Chemical analyses have been performed using RBS mainly to probe the Yb content. Fig(5.1) shows RBS spectra for the different prepared films.

Fig. ( 5

 5 Fig. (5.1): RBS fitting data for the prepared Yb-doped Al(O)N samples at different Yb%.

Figure ( 5

 5 Fig. (5.2): XRD of Yb-doped AlN samples at different Yb%;

Fig. ( 5

 5 Fig. (5.3): TEM image and the corresponding SAED pattern for 1% Yb-Al(O)N as-deposited.
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 1 Fig.(5.4): PL spectra of 1% Yb-doped Al(O)N as-deposited, RTA_Ar, and RTA_FG.

Fig. ( 5

 5 Fig. (5.5): Zoom in graph on the NIR_PL of 1% Yb-Al(O)N as-deposited and annealed samples.

  the two different excitation wavelengths. This shows the possibility to use different pumping schemes for the indirect excitation of Yb 3+ ions in AlN.

Fig. ( 5

 5 Fig. (5.6): PL spectra of 1% Yb-Al(O)N annealed in FG and excited by 325 nm and 266 nm. Inset is the magnification on the NIR region.

Fig. ( 5

 5 Fig. (5.7): a) PLE spectra for 1% Yb-doped Al(O)N monitored at 985 nm, and b) normalized PLE for both 1% Yb-Al(O)N and 1% Ce-doped Al(O)N samples monitored at 985 nm, 500 nm; respectively.

Fig ( 5 . 8 )

 58 Photon energy eV

Fig. ( 5

 5 Fig. (5.9): PL of 1% Yb-doped Al(O)N sample carried out at 78K and 295K under excitation wavelength a) 325 nm and b) 266 nm.

  While temperature little affects the shape of the visible bands, NIR peaks are much better resolved at low temperature. All lines and bands show increase in PL intensity from 295 K to 78 K except the small bands indicated by the black square ■ The PL intensity of these two bands are thermally activated (populated), unlike other lines/bands that are thermally quenched. In the thermally quenched lines in NIR spectrum, it can be also observed the significant suppression of the lower energy lines compared to the higher energy lines when the temperature increased. This is an expected behavior due to higher temperature favors higher energy transitions. Very similar spectra have been obtained under excitation with 266 and 325 nm excitation. This means PL follows the same temperature response regardless the two excitation pathways.It is well established that the energy levels of RE ions undergo spectral splitting into "Stark levels" due to coulomb, spin orbital, and crystal field interactions. However the crystal field plays the most significant contribution in this regard particularly in RE-doped crystalline materials. Because of incorporation of RE 3+ ions into crystalline matrix, the energy states of 4f n electrons experience a disturbance due to the applied crystal electric field. The effect of this crystal field on the energy levels of REs ions can be probed by low temperature PL measurements due to the reduction of the thermal motion of the carriers. Although the crystal field strength doesn't significantly change with temperature, at room temperature the phonon interactions induce overlapping in the energy levels' wavefunctions, which hides the influence of the crystal field. The strength and number of the splitting levels is depending on the strength of the local crystal field and on the crystal symmetry around the lattice location of the RE 3+ ; respectively. This is the physical reason behind the observed spectral splitting in many RE 3+ ions such as Pr 3+ ,[238] Sm 3+ ,[239]Tm 3+ ,[240]and Nd 3+ .

Fig. ( 5

 5 Fig. (5.10): Zoom in for the NIR emission carried out at 78K.

Fig. ( 5

 5 Fig. (5.11): Calculated energy level diagram for Yb 3+ ions in Al substitutional site (Yb Al ) in AlN (on left). The theoretical (Theo.) and experimental (Exp.) transition lines positions (on right).

Fig. ( 5

 5 Fig.(5.12): Normalized PL as a function of temperature for band number 1 and integrated intensity for lines from 2 to 9 in fig(5.10).

Fig. ( 5

 5 Fig. (5.13): ( ) versus T -1 for Arrhenius guiding of Yb-doped Al(O)N with 7% oxygen sample under excitation wavelength 325 nm.

  This infers that, the thermal quenching of Yb 3+ NIR emission in our samples occurs via energy transfer to thermally populated levels (■) at 500 nm and 972 2 nm These two thermally populated levels lose the gained energy by radiative recombination. It can be considered that part of the population of these two levels (■) is enhanced by phonon-assisted energy transfer from the quenched PL lines in NIR region. Part II: (Ce, Yb) co-doped Al(O)N The similarity between the PLE of Yb-doped Al(O)N and Ce-doped Al(O)N, fig (5.7b), stimulates us to investigate the possible energy transfer between the two ions in co-doped

  Nd[244],Er[245], Tm[246], and Pr.[247] However, coupling Yb with Ce shows some interesting features pushing up the expectation level to increase the quantum efficiency conversion to the NIR signal close to 200%. This high expectation has been based on the unique optical properties of Ce of large UV/visible absorption cross-section with emission at 500 nm (20000 cm -1 ) equal to the double of energy required for the Yb excitation (less than 10000 cm-1 

  .5% Ce, 1% Yb) co-doped Al(O)N is examined by XRD, TEM and SAED, fig. (5.14). The XRD shows predominance of the (002) reflection evidences the wurtzite crystalline structure of AlN. The microstructure consists of columnar grains with the c-axis aligned with the growth direction as indicated by the TEM and the localized spots in the SAED pattern; respectively.

Fig. ( 5

 5 Fig. (5.14): XRD of (1.5% Ce, 1% Yb) co-doped Al(O)N sample. Inset: corresponding TEM and SAED images.

Fig. ( 5

 5 Fig.(5.15): PL spectra of (1.5% Ce, 1%Yb) co-doped Al(O)N sample excited by 325 nm and 266 nm wavelengths.

  Fig. (5.16): PL spectra of Ce and Yb single doped and co-doped in Al(O)N samples. Inset: normalized PL of the NIR emission.

  Ce, 1% Yb) co-doped Al(O)N  The NIR emission intensity related to Yb ions exhibits lower intensity in co-doped sample compared with Yb-doped Al(O)N.  The visible PL band related to Ce and matrix defects in co-doped sample shows decrease in the intensity compared to Ce-doped Al(O)N.

Figure ( 5 .

 5 17a) shows the PLE spectra recorded for the maximum NIR emission in Yb-doped Al(O)N (at 985 nm) and (Ce, Yb) co-doped Al(O)N (at 976 nm) samples. The PLE (@ 985 nm) for Yb-doped Al(O)N sample as described previously mainly consists of the two bands around 3.8 eV and 4.8 eV and is dominated by the second one. Both bands were assigned to defect complexes of oxygen coupled with aluminum vacancy (V Al -O N ). In contrast, the PLE of NIR emission (@ 976 nm) in (Ce, Yb) co-doped Al(O)N is dominated by the band at 3.8 eV In addition, the PLE band at 3.8 eV in the co-doped sample is slightly broader with higher contribution at the lower energy band tail as shown in the normalized PLE spectra, inset fig(5.17a). This could be related to the absorption by Ce 3+ around 3.8 eV. These modifications in the PLE of the NIR emission band are indicative of the contribution of Ce in the NIR emission.

Fig. ( 5

 5 Fig. (5.17): PLE spectra a) at NIR emission from 1% Yb-doped and (1.5 Ce, 1% Yb) co-doped samples. b) at NIR and visible emissions of (1.5 Ce, 1% Yb) co-doped sample.
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Fig. ( 5

 5 Fig. (5.18): a) PL spectra of (Ce, Yb) co-doped Al(O)N samples at different Yb concentrations. b) Zoom in the NIR spectra.

Fig. ( 5

 5 Fig. (5.19): TRPL for the NIR emission of a) Yb-doped Al(O)N, b) (Ce, Yb) co-doped Al(O)N.

Fig. ( 5

 5 Fig. (5.20): Rising time response curves for single and co-doped Al(O)N sample.

Fig. ( 5

 5 Fig. (5.21): Power dependence of Yb emission of a (1.5% Ce, 1% Yb) co-doped sample excited by 325 nm.

Fig. ( 5

 5 Fig. (5.23): PL as a function of temperature from 78K to 295K for (Ce, Yb) co-doped Al(O)N sample. Inset fig is the PL evolution with temperature for the Ce and Yb related peaks.

  Fig. (5.24): a) PL spectra of (Ce, Yb) co-doped Al(O)N carried out at 78k and 295k. b) NIR emission spectra for (Ce, Yb) co-doped and Yb-doped samples carried out at 78k.

  Fig. (5.25): ( ) versus T -1 for Arrhenius guiding of (Ce, Yb) co-doped Al(O)N sample calculated for the NIR (a) and visible emission (b). On the other hand, the PL thermal quenching behavior of the visible emission related to Ce ions exhibits two activation energies 18.8 meV and 508 meV as shown in fig (5.25b). The summation of these two activation energy values (526.5 meV) is close to the summation of activation energy values for the single Ce-doped Al(O)N sample (513.5 meV) and both are very close to the energy difference between 5d 1 and the conduction band maximum of about 530 meV. Hence, the thermal quenching mechanism can be considered via electron transfer from the excited 5d levels in Ce to the conduction band of the host, see the schematic fig (4.28) in the previous chapter.

For

  doped AlN, crystalline Ce-doped AlN were prepared using RMS technique. The crystal structure of the prepared samples and the compositions have been examined by TEM, RBS, EDS and EELS analyses. It was found that, presence of oxygen in this material is essential for sensitizing the photoluminescence. Oxygen has been found playing major role note only in converting Ce ions from the optically inactive state +4 to the optically active one +3, but also leaded to the formation of defect complexes with Al vacancies. These defect complexes were found contributed in the excitation mechanism of Ce ions. This double role of oxygen is confirmed by EELS (for identification of the oxidation state of Ce) and photoluminescence excitation (PLE) measurements (for defect complexes assignments). Therefore, an optical excitation and emission mechanisms have been proposed based on the role of oxygen. This proposed mechanism was found consistent with the interpretation of the PL results, as well as confirmed by tasting the PL behavior at higher concentration of oxygen. Based on that, manipulation of the PL was achieved and different colors (blue, and green) were clearly observed by the naked eye. In addition, PL thermal quenching mechanism has been proposed by studying the temperature dependent of the PL. The PL thermal quenching was proposed based on thermal ionization mechanism by electron transfer from the 5d levels of Ce 3+ to the conduction band. Moreover, white light emission approach has been presented and strong eye observed white light was obtained. Yb-doped and (Ce, Yb) co-doped Al(O)N systems are prepared. The crystal structures and compositions of the prepared samples have been investigated by XRD, TEM and RBS measurements. Indirect optical excitation of the NIR emission of Yb ions is achieved. The excitation mechanisms of the NIR and visible emission of single and co-doped samples are discussed. A comparison with the excitation mechanism of Ce single doped in Al(O)N is presented. It is found that, the similarity between the PLE spectra of Ce and Yb results in the possibility of achieving energy transfer between the two ions in the co-doping system. The energy transfer mechanism is manifested in the discrepancy of the NIR emission of Yb in codoped sample than the Yb emission in single doped sample. In addition, elongation of the rise and decay time of the PL of Yb in co-doped is considered as a strong sign to the energy transfer. The type of energy transfer mechanism is found consistence with the one-to-one down conversion via charge transfer state mechanism. The PL thermal quenching has been studied by following the PL evolution with low temperatures. The thermal quenching mechanism of Yb ions is proposed via back energy transfer to thermally populate other radiative states.

  the refractive index either by Cauchy's or Sellmeier's empirical dispersions result in oscillations which are referring to AlN defects. The fact that these dispersions models are well suited to highly transparent films,[256][257][258] makes relevant to these samples the use of multiple Kramers-Kronig consistent Gaussian oscillators to express the dispersions of n() and k(). The Woollam-WVase software has been used to fit three oscillator's parameters, i e the central wavelength (or energy position), strength and broadening. Excellent fits have been obtained with appreciably low mean-squared errors (maximum likelihood estimators) between 0.10-0.13 as shown in the inset fig(A.1). The good quality of these fits is further confirmed by the randomly distributed differences between the modeled and measured transmittance close to zero without any systematic trend. Table(A.1) displays the best-fit oscillator parameters with their error (90% confidence limits). The center energy of first and the last oscillators were fixed at their extreme possible wavelengths to avoid parameter correlations. The reasonably low error values also attest the validity of the assumed optical model for our AlN films. Moreover, the fitted film thickness is close to that obtained from both in situ reflectometry and TEM.

Fig (A. 1 )

 1 Fig (A.1): Example for the fitting of the measured transmittance. Inset: the error deviation between them.

  Fig (B.1): Experimental and fitting ellipsometry parameters  and Ѱ for samples prepared at 100% N 2 (on lift) and 80%N 2 (on right).
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  Fig (B.2): a) and b) the refractive index dispersion relation for samples 100% and 80%, respectively. c) the birefringence as a function in the photon energy for both samples.
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Fig (B. 3 )

 3 Fig (B.3): The extinction coefficient as a function in photon energy for samples a) 100% and b) 80%.
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Fig. (C. 1 )

 1 Fig. (C.1): Williamson-Hall (WH) plot for as-deposited AlN, annealed AlN_Ar, and as deposited Ce-doped AlN. This figure represents the Williamson-Hall (WH) plot to determine the microstrain of AlN and Ce-doped AlN thin films using the following relation:

  Fig. (D.1): The calculated parameter as a function of wavelength.

  . Sur cette base, la manipulation du PL a été réalisée et différentes couleurs (bleu et vert) ont été clairement observées à l'oeil nu De plus, une approche d'émission de lumière blanche a été présentée et une lumière blanche fortement observée dans les yeux a été obtenue. Des systèmes Al (O) N dopés Yb et (Ce, Yb) sont préparés. Les structures cristallines et les compositions des échantillons préparés ont été étudiées. L'excitation optique indirecte de l'émission NIR des ions Yb est obtenue. Les mécanismes d'excitation du NIR et l'émission visible d'échantillons uniques et co-dopés sont discutés. On constate que la similarité entre les spectres PLE de Ce et Yb permet d'obtenir un transfert d'énergie entre les deux ions dans le système de co-dopage. Le type de mécanisme de transfert d'énergie se trouve consistance avec la conversion un-à-un bas via le mécanisme d'état de transfert de charge. La trempe thermique PL a été étudiée en suivant l'évolution du PL à basse température. Mots-clefs : Films minces de nitrure d'aluminium, AlN dopé par une terre rare, propriétés optiques, pulvérisation cathodique

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  the optical behaviors of Ce 3+ and Yb 3+ , we will have the opportunity to test both electronic transitions mechanisms, which will provide us a better understanding about the optical properties for all the RE in AlN. Secondly from application point of view, Yb exhibits a great attention in solid state lightening systems that mainly based on light

	emission
	lines of excited Yb 3+ fall in the near infrared region (NIR) around 1000 nm which is
	promising for lightening solid state applications in that region e.g. laser devices. Although Nd
	ions emit in the same spectral range about 1064 nm and are widely used in laser devices in
	this region, the luminescence properties Yb ions have advantages over the Nd ions. These
	advantages can be summarized as follows: Simplicity of the electronic levels of Yb ions
	facilitates the understanding and interpretation of excitation and emission process. In addition,
	the absence of excited state absorption in Yb (considered as a quasi-three level system)
	reduces the effective loss cross section. Unlike Nd ion, Yb exhibits no absorption in the green
	region which is favorable in frequency doubling laser conversion.[103] Thus, Yb ions have
	emerged in several lighting applications such as optical fiber lasers and waveguides.[104-107]
	Yet recently, Yb has been also reported for down-conversion solar cells by exploiting the
	advantage of Yb emission line at 1000 nm (1.2 eV) that matches with silicon bandgap.[108-
	110] In this regard, researches have been focused on the way to transfer the UV-VIS photons
	of the solar spectrum by down conversion the energy of these photons using another mediator
	(Ce, Tb,....etc) to the Yb. Then, the excited electrons in Yb ions transferred to silicon which is
	supposed to enhance the solar cell efficiency. However, ytterbium is one of few lanthanides
	that have not been experimentally investigated as an optically active center in crystalline AlN
	host. It has been reported in few works in GaN and amorphous AlN but deep investigation of
	doping Yb in crystalline AlN is still unavailable.[76, 78, 111-112]
	But, why Yb-doped AlN should have our attention although it is available in different hosts?
	Two reasons motivate us to study this system. First, there is a special interest for us to figure
	out the influence of the presence of another RE in addition to Ce in AlN in order to have a
	wide view about the different mechanisms of REs inside AlN. As described earlier, the
	luminescence properties of all the REs 3+ in semiconductors are mostly characterized by a core
	lying f-f (e.g. Yb 3+ ) transition and sometimes characterized by d-f transition (Ce 3+ ). By
	studying and comparing

confinement concept (e.g. waveguide devices). By knowing that, crystalline AlN has high refractive index (about 2.1); this supposed to enhance the confinement efficiency if integrated in such devices. Moreover, AlN, as III-V compound, presents excellent match with silicon technology, which is additional advantage for silicon integration technology approaches.

Furthermore, the piezoelectric properties of AlN open a promising path to piezo-optoelectronic integrated chips technology.

  Fig (4.3): a) PL spectra for different Ce concentration. b) PL intensity evolution as a function of Ce%.
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	PL intensity increases with Ce concentration till 1% of Ce, then decreases at higher
	concentrations. This PL intensity behavior with RE concentration is common and usually
	attributed to RE ion-ion interaction process.[75]			

Table (

 ( 

	4.1): FWHM, XRD peak positions, macrostrain and microstrain values of undoped and Ce-doped AlN
	samples					
		AlN_As	AlN_RTA	Ce-AlN_As	Ce-AlN_FG	Ce-AlN_Ar
	FWHM (002)	0.2	0.16	0.18	0.25	0.44
	Peak position (°) 36.10	36.06	35.69	35.63	35.61
	Macrostrain	-0.0014	-0.0002	0.0095	0.0113	0.0119
	Microstrain	0.083	0.055	0.100	----	----

  Figure(4.7): RBS signal and fitting data for the CeAlN as-deposited and annealed in Ar films. Inset: table with the atomic content of film constitutive elements for the best fitting of RBS data.
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	This region in the annealed sample also contains a lower N content as compared to the as-
	deposited, see inset table fig. (4.7).			

To evaluate the influence of the annealing atmosphere on local bonding, one can consider the following thermodynamic equilibrium equation[175]:

  . It can be observed that the PL spectral shapes of samples annealed in Ar and FG are similar but are different to that of the as-deposited sample. The as-deposited sample exhibits a symmetrical non-splitting weak PL band centered around 987 nm. Annealed samples display asymmetrical splitting intense PL peaking at 985nm. The PL consists mainly

		6000	Yb doped AlN				Yb:	2 F 5/2	-->	2 F 7/2
								 em. = 985 nm
		5000					
							RTA_FG
	PL intensity (a.u.)	3000 4000	PL bands of matrix defects		RTA_Ar
							As-deposited
		2000					
			400	500	600	700	800	900	1000
					Wavelength (nm)

 ex. nm at RT

Table ( 5

 ( .1): Precise wavelengths positions of NIR emission lines measured at 78k.

  ).[221] Based on that, at least four PL transitions are expected if these transitions are considered only from the lowest excited level in 2 F 5/2, and twelve if transitions from other sublevels are also considered, see the schematic diagram(5.11) and the corresponding table. The positions of

Table ( A

 ( .1): the best-fit oscillator parameters used to model transmission measurements.

	Oscillator Number	Amplitude	Center energy (eV)	Broadening (eV)	 1 offset	Thickness (nm)
	1	0.85 ± 0.01	6.5 (fixed)	0.76 ± 0.01		
	2	0.143 ± 0.006	5.68 ± 0.02	0.68 ± 0.03		
	3	0.064 ± 0.001	4.81 ± 0.01	0.86 ± 0.03	3.27 ± 0.03	
	4	0.029 ± 0.002	3.53 ± 0.03	2.34 ± 0.19		
	5	0.047 ± 0.001	1.5 (fixed)	3.27 ± 0.03		209 ± 3
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Chapter III

Synthesis and characterizations of AlN thin films
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Chapter IV

Cerium-doped AlN

Graphical abstract Abstract

This chapter is dedicated to investigate the optical behavior of cerium-doped AlN (Ce-AlN) thin films prepared by RF reactive magnetron sputtering. The crystal structure of the prepared samples was investigated by x-ray diffraction (XRD) and transmission electron microscopy (TEM) at low and high resolution (HRTEM). The chemical composition was analyzed by Rutherford backscattering spectrometry (RBS) and Energy-dispersive X-ray (EDX) techniques. The oxidation states of cerium (Ce 3+ and Ce 4+ ) have been probed using Electron Energy Loss Spectroscopy (EELS). The optical response has been examined by photoluminescence (PL) under different optical excitation wavelengths. Photoluminescence excitations measurements (PLE) have been performed in order to explore the excitation mechanisms. In addition, the PL intensity evolution with low temperature variation was used to gain more information about the PL thermal quenching mechanism. It is found that oxygen plays an important role in the PL response by changing the oxidation state of Ce ions from optically inactive (Ce 4+ ) to the optically active one (Ce 3+ ). In addition, the importance of the oxidation is further confirmed by the excitation mechanisms responsible for blue emission and determined by PLE measurements. This role has been discussed to the light of the correlation between PL, PLE and EELS results. Besides that, the post-deposition annealing for our samples is found to be essential for activating the photoluminescence. A comprehensive study is presented to understand the optical mechanisms of Ce-doped aluminum nitride and aluminum (oxy) nitride materials. Based on a proposed approach, PL manipulation has been achieved to offer different emission colors (blue, green and white). Our findings can be used to understand and manipulate the behavior of RE-doped Al(O)N for lightening applications.

1.1-Introduction

Cerium is a lanthanide element which contains one electron in the 4f-orbital. The luminescence properties of its optically active ion (Ce 3+) are characterized by fully allowed electric dipole moment 5d-4f. [START_REF] Guerbous | The 4f-5d luminescence transitions in cerium-doped LuF3[END_REF] Thus, it has large absorption cross-section ~ 10 -18 cm 2 compared to the other rare earth f-f transition ~ 10 -20 cm 2 . [START_REF] Mares | Energy transfer mechanisms between Ce3+ and Nd3+ in YAG : Nd, Ce at low temperature[END_REF] In addition, it absorbs in the UV and emits in UV-VIS range, which is suitable for many applications in this range. comparative study between two different rare earth ions doped in AlN in order to explore the similarities and the discrepancies, particularly in the optical behaviors. We believe that this kind of comparison will lead to better understanding the optical properties of RE-doped AlN compound and result in enhancing our knowledge in phosphor based nitride applications. The reasons behind the selection of Yb element have been stated in the beginning of this thesis, motivation part, which can be summarized as follows:

-Yb 3+ has different luminescence electronic states properties (f-f) than Ce 3+ (f-d). This gives a wide view about the different electronic properties of RE 3+ .

-Yb 3+ emits in NIR region, while Ce 3+ emits in UV-Vis region: So, this study will cover wide range of light spectrum for different lighting applications.

-The co-doping between Yb and Ce exhibits great attraction nowadays in down conversion applications.

-There are very few works reported on either Ce or Yb in AlN.

The microstructures and the compositions of the prepared samples have been investigated.

The optical properties have been examined, at room temperature, using the steady state PL, PLE, and time resolve photoluminescence (TRPL). The PL thermal quenching mechanism for Yb and (Ce, Yb) co-doped Al(O)N is studied by probing the PL evolution at low temperatures. In addition, energy transfer (ET) mechanism between Ce and Yb has been established. A comparison is made with the optical mechanisms in Ce-doped Al(O)N.

1.1-Introduction

Ytterbium (Yb) is a rare earth element which contains completely filled 4f 14 orbital. Although Yb 3+ is the common oxidation state of ytterbium, Yb 2+ can be found under certain circumstances. The electronic configuration of Yb 3+ ([Xe] 4f 13 6s 0 ) is ended by 4f orbital filled with13 electrons. Thus, it is considered as the last RE 3+ ion exhibiting incomplete 4f orbital.

Free Yb 3+ ion has relative simple electronic configuration compared to other RE 3+ . It consists of two energy terms 2 F 5/2 and 2 F 7/2 and is considered as a two energy levels system. Thanks to this electronic simplicity, Yb 3+ placed in different host matrices constitutes a good platform to extract useful information about f-f transitions in RE 3+ . Hence, it attracts extensive Hence, the assignment for these two PLE bands could be done in the light of the previous assignment of the PLE of Ce-doped Al(O)N samples. Based on that, these bands can be ascribed to the host defects, more precisely to defect complexes involving Al-vacancy with oxygen, as proposed for Ce-doped Al(O)N. However, in the case of Yb, the PLE band around 4 eV exhibits much lower relative intensity than the band at 5 eV whereas, in the case of Ce, both the bands have comparable intensities. The higher intensity of the 4 eV band of in Cedoped samples can be attributed to the overlapping between the Ce 3+ and (V Al -O N ) defect complex absorption bands, see the previous PLE discussion in chapter IV. The PLE result for Yb-doped Al(O)N further suggest that defects in the host matrix provide an efficient pathway in the RE 3+ excitation mechanisms. In this regard, two theoretical models have been proposed

for the optical excitation mechanisms of the f-f transition of RE 3+ in wide bandgap III-V semiconductors. [START_REF] Koubaa | Spectra and energy levels of Yb3+ in AlN[END_REF][START_REF] Lozykowski | Kinetics of luminescence of isoelectronic rare-earth ions in III-V semiconductors[END_REF] The first assumes changes in the valence of the RE 3+ by charge transfer. The second one is based on mediation through electron-hole pair that localizes on, or very close to, a RE-isoelectronic trap. The second one is the most commonly accepted and is supported by experimental observations. When REs incorporate in III-V compounds or alloys, it usually substitutes the III ions and generates isoelectronic traps due to the size and electronegativity mismatch between the RE and the substituted III ions. This trap is electrically active and captures a charge carrier, which subsequently binds to opposite charge carrier by coulomb interaction for e-h pair formation. Alternatively, this RE-trap can couple to a vicinity e-h pair (free or bound exciton). [START_REF] Braud | Excitation Mechanisms of RE Ions in Semiconductors[END_REF]237] Upon excitation, the trapped or the vicinity e-h pair becomes excited and energy transfer can occur from the e-h pair to the core ff transition in the RE. Hence, based on the abovementioned models and our PLE findings, the optical excitation of Yb-doped Al(O)N can be understood through an energy transfer from a vicinity V Al -O N defect complex to the 4f levels of Yb 3+ . This kind of defect complexes acts as donor-acceptor pair that, excited by 325 nm or 266 nm, transfer energy to the Yb 3+ . Subsequently, excited Yb 3+ ions relax to the ground state and emit light around 985 nm. It is worth to mention that, the large Stokes shift between the absorbed photons at 325 nm or 266 nm and the emitted photons at 985 nm can be accommodated by phonon interactions and/or dissipation through non-radiative centers.

Precise assignment of the PL peaks/shoulders in fig (5.5) is very difficult with the present PL data due to the strong overlapping between the transition lines. Thus, in order to gain more information about these transition lines, PL at low temperature (LTPL) was carried out down to 78 K. At low temperature, the thermal motion of the carriers is supposed to be reduced The emission intensity of 1% Yb in single doped system is found to be higher than 1% Yb in the co-doped one. However, there is uncertainty about doing such comparison. Despite having the same Yb content in both systems, the total concentration of REs ions in co-doped system (Ce+Yb) is higher (about 2.5%). This large amount of foreign dopants probably results in the generation of a high density of defects, which may act as quenching centers. So, if we need to compare the absolute PL intensity of NIR emission of Yb in this co-doped sample, the correct comparison could be done with Yb-doped Al(O)N sample containing about 2.5% of Yb. The reason that forced us to assume such uncertainty is the significant role of defects in the PL quenching behavior of our samples, as described above.

Nevertheless, for such DC application for which the spectral shape of the NIR emission is not so important but the absolute emission intensity is critical (e.g. Si-solar cell), Yb single-doped Al(O)N could be the good choice. On the other side, for applications mainly interesting in a narrow NIR spectrum (lasers, waveguiding), (Ce, Yb) co-doped Al(O)N could be of interest.

For instance, the effective emission cross section multiplied by the radiative lifetime (σ e τ r ) of Yb is an important parameter in laser applications. [216,227,255] This parameter can be calculated by applying Füchtbauer-Ladenburg method[227] on the emission spectra of Yb 3+ (see annex D). A large value of this parameter minimizes the absorption loss and lowers the threshold gain of the active medium of laser In our samples, the (σ e τ r ) value in (Ce, Yb) codoped system (1.12 x 10 -20 cm 2 ms @ 976 nm) is found to be larger than the value in Yb single doped system by 1.5 times (0.74 x 10 -20 cm 2 ms @ 985 nm).

In addition, simultaneously intense and narrow NIR emission of Yb can be achieved in our (Ce, Yb)-doped aluminum oxide sample. In order to exploit the advantage of high PL intensity observed in Ce-doped aluminum oxide (see chapter IV), a (Ce, Yb) co-doped aluminum oxide film was prepared. The PL of this sample is presented in fig. (5.22).

Abstract Rare earth-doped aluminum nitride thin films for optical applications

This project is dedicated to study the optical properties of rare earth-doped aluminum nitride thin films. In particular, to investigate the luminescence mechanisms of selected RE elements incorporated in AlN thin films. Reactive magnetron sputtering (RMS) technique is used to synthesize the undoped and doped AlN thin films. The effect of sputtering conditions on the structure and optical properties of the prepared samples are investigated. In addition, the optimum experimental conditions that will be used during this work are determined. The structure and composition analyses have been investigated by several means, such as transmission electron microscopy (TEM), Energy-dispersive X-ray spectroscopy (EDS), and Rutherford backscattering spectrometry (RBS). The optical properties of the films are characterized by UV-Visible transmission, Ellipsometry spectroscopy, and Photoluminescence spectroscopy. For undoped AlN, well crystallized AlN thin films with high degree of c-axis orientation were prepared. Controlling the preferred orientation by only tuning the N 2 % in the gas phase has been achieved. It was found that, the synthesis of highly c-axis oriented crystalline AlN is favored by depositing the coatings in nitrogen-rich reactive ambiance. The results have been interpreted on the basis of an improved mobility of adatoms assisted by the bombardment of the films by fast particles. The optical constants (n, k) and bandgap of the prepared films have been modeled from spectroscopic ellipsometry measurements in transmission and reflection modes. It is found that the refractive index can be tuned with the crystal orientation while keeping constant the bandgap. Our findings suggest that, the optical properties of the AlN films can be tuned via their crystallographic orientation which, in turn, varied by the amount of nitrogen in the gas phase.

For doped AlN, crystalline Ce-doped AlN were prepared. The crystal structure of the prepared samples and the compositions have been examined by TEM, RBS, EDS and EELS analyses. It was found that, presence of oxygen in this material is essential for sensitizing the photoluminescence. Oxygen has been found playing major role note only in converting Ce ions from the optically inactive state +4 to the optically active one +3, but also leaded to the formation of defect complexes with Al vacancies. These defect complexes were found contributed in the excitation mechanism of Ce ions. Therefore, an optical excitation and emission mechanisms have been proposed based on the role of oxygen. Based on that, manipulation of the PL was achieved and different colors (blue, and green) were clearly observed by the naked eye. In addition, white light emission approach has been presented and strong eye observed white light was obtained. Yb-doped and (Ce, Yb) co-doped Al(O)N systems are prepared. The crystal structures and compositions of the prepared samples have been investigated. Indirect optical excitation of the NIR emission of Yb ions is achieved. The excitation mechanisms of the NIR and visible emission of single and co-doped samples are discussed. It is found that, the similarity between the PLE spectra of Ce and Yb results in the possibility of achieving energy transfer between the two ions in the co-doping system. The type of energy transfer mechanism is found consistence with the one-to-one down conversion via charge transfer state mechanism. The PL thermal quenching has been studied by following the PL evolution with low temperatures. Keywords: AlN thin films, rare earth doped AlN, optical properties, magnetron sputtering

Résumé

Films minces de nitrure d'aluminium dopés par des terres rares pour applications optiques Ce projet est dédié à l'étude des propriétés optiques des couches minces de nitrure d'aluminium dopé aux terres rares. En particulier, pour étudier les mécanismes de luminescence des éléments RE sélectionnés incorporés dans des films minces AlN. La technique de pulvérisation cathodique magnétron réactif (RMS) est utilisée pour synthétiser les films minces d'AlN dopés et non dopés. L'effet des conditions de pulvérisation sur la structure et les propriétés optiques des échantillons préparés est étudié. En outre, les conditions expérimentales optimales qui seront utilisées au cours de ce travail sont déterminées. Les analyses de structure et de composition ont été étudiées par plusieurs moyens, tels que la microscopie électronique à transmission (TEM), la spectroscopie à rayons X à dispersion d'énergie (EDS) et la spectrométrie de rétrodiffusion Rutherford (RBS). Les propriétés optiques des films sont caractérisées par une transmission UV-visible, une spectroscopie d'ellipsométrie et une spectroscopie par photoluminescence.

Pour l'AIN non dopé, des films minces d'AlN bien cristallisés avec un degré élevé d'orientation de l'axe c ont été préparés. Le contrôle de l'orientation préférée en réglant seulement le pourcentage de N2 dans la phase gazeuse a été atteint. Il a été trouvé que la synthèse d'AlN cristallin fortement orienté sur l'axe c est favorisée en déposant les revêtements dans une ambiance réactive riche en azote. Les résultats ont été interprétés sur la base d'une mobilité améliorée des adatomes assistée par le bombardement des films par des particules rapides. Les constantes optiques (n, k) et la bande interdite des films préparés ont été modélisées à partir de mesures d'ellipsométrie spectroscopique en modes transmission et réflexion. On trouve que l'indice de réfraction peut être réglé avec l'orientation cristalline tout en gardant constant le bandgap. Nos résultats suggèrent que les propriétés optiques des films AlN peuvent être ajustées par leur orientation cristallographique qui, à son tour, varie en fonction de la quantité d'azote dans la phase gazeuse.