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Résumé substantiel en français

A la suite de la découverte du graphène, un plan d'épaisseur monoatomique de carbone, en 2004 par K.Novoselov et A.Geim, l'intérêt de la communauté scientifique de la physique de l'état condensé s'est rapidement concentrée sur des matériaux similaires appelés matériaux 2D en raison de leur épaisseur de l'ordre de l'atome. Ce succès est particulièrement dû au fait que ces matériaux présentent des états électroniques peu conventionnels, qualifiés d'exotique, qui pourraient d'une part augmenter notre compréhension de la physique à cette échelle là mais aussi servir dans de nombreuses potentielles applications, principalement mais pas que, dans le domaine des composants électroniques. On peut par exemple citer la grande famille des dichalcogénures de métaux de transition (en abrégé TMD) dont certains sont l'objet des études présentées dans cette thèse, parmi lesquels la monocouche de TaS 2 est un isolant de Mott, le PtTe 2 est un métal de Dirac, l'état fondamental de NbSe 2 à basse température mélange Supraconductivité et Onde de densité de charge ( que l'on abrégera ODC ), le VSe 2 et le VTe 2 qui présentent des ondes de densité de charge ou encore le MoS 2 qui est un semiconducteur .... S'inscrivant dans l'exploration de cette famille de matériaux, nous allons donc dans cette thèse étudier trois TMDs à l'aide d'un Microscope à effet tunnel à basse température ( STM ) et essayer de mieux comprendre leur propriétés électroniques en les modulant par la création de défauts dans le matériaux à l'aide de diverses techniques de dopages. Le premier chapitre est un état de l'art servant d'introduction sur les concepts importants de cette thèse. D'une part, la physique derrières les ondes de densités de charge dans les matériaux 1D et étendue aux 2D est présentée. Celle ci se traduit comme une transition métal isolant ( c'est à dire l'ouverture d'un gap électronique ) en dessous d'une certaine température et est accompagnée par une modulation spatiale du fluide électronique dans les trois directions spatiales à des périodicités bien précises. Deux concepts sont fondamentaux pour la compréhension de ce phénomène en 2D. Premièrement, celui d'emboitement de la surface de Fermi ( ou Fermi surface Nesting en anglais, FSN ) reposant sur l'existence de segments parallèles de la surface de Fermi et engendrant une divergence dans la susceptibilité à basse énergie, appelée fonction de Lindhart. Dans le même temps le couplage électron-phonon ( EPC ) provoque une renormalisation de l'énergie de phonon amenant à l'existence de phonon dits mous, pouvant être à l'origine de la modulation spatiale du gaz électronique. Toutes deux sont des notions centrales pour expliquer l'instabilité aux origines et manifestations encore mal comprises qu'est l'ODC. Et d'autre part, les propriétés électroniques générales des TMDs découlant de leur structure, qualifié de matériau de Van Der Waals puisqu'ils sont composés de couches liées ensembles par des forces du même nom. Une analyse du point de vue de la théorie du champ cristallin permettant d'introduire une base d'orbitale atomiques de type d centrées sur le métal de transition, et d'identifier leurs dégénérescences, importantes pour les calculs et raisonnements à venir. Enfin une annexe explicite rapidement les équations sur lesquelles reposent les simulations numériques basées sur la théorie de la fonctionnelle densité et effectués par nos collaborateurs et présents dans l'ensemble des chapitres expérimentaux. Le deuxième chapitre est une explication plus détaillée des instruments et techniques de dopage utilisées ainsi que leur principe de fonctionnement. En particulier, la physique sur laquelle repose le STM y est décrite par différents modèles, depuis la simple particule rencontrant une barrière de potentiel jusqu'aux approximations de Tersoff et Hamann, en passant par le modèle de Bardeen. Cette section contient également de courtes descriptions de la source à plasma d'azote, de la source à alcalins mais aussi de la technique de préparation de pointe et de leur calibrage sur l'or. Le troisième chapitre qui est aussi le premier des trois chapitres expérimentaux porte sur l'analyse des propriétés électroniques de la phase T du VSe 2 et de son ODC, pur et avec un dopage alcalin. Ce matériau a été l'objet de nombreuses études récemment en raison d'une possible compétition à basse température entre l'état fondamentale de l'ODC présente et un possible ferromagnétisme latent, question qui reste encore ouverte à ce jour. Nos manipulations ont permis la décomposition orbitalaire de la densité d'état ( DOS ) identifiée dans la spectroscopie tunnel ( STS ) grâce à la DFT pour le VSe 2 pur. La STS révèle en outre trois signatures distinctes à -0.06V, 0.7V et un plateau à 2V toutes venant de l'orbitale 3d du Vanadium. Dans un certains système d'axe qualifié de trigonal antiprismatique, le pic en négatif avant le niveau de Fermi est formé par la d z 2 orientée dans ce cas perpendiculairement au gap de Van der Waals. L'ODC de périodicité 4 × 4 connue auparavant a été retrouvée. Enfin une inhomogénéité de la STS a été mesurée entre les minimas et maximas de l'ODC. Un dopage du monocristal de VSe 2 avec les alcalins K, Rb, Cs ou Li conduisent à la création d'une couche d'adatomes ordonnés à forte concentration selon la CDW en 4×4. Cependant, l'histoire est différente avec le sodium Na puisque ce dernier forme des îlots intercalés sous la couche supérieure. La raison de cette exception n'est toujours pas claire. En conséquence, la périodicité de l'ODC en surface devient √ 3 × √ 7, similaire à celle de la monocouche de VSe 2 sur bicouche de graphène sur SiC. Du côté de la STS, on observe un retrait du pic vers les énergies négatives, similairement aussi à la STS mesurée sur la monocouche de VSe 2 . Des calculs en DFT nous permettent de corroborer ces observations expérimentales et d'évaluer le transfert de charge du sodium vers le VSe 2 . Au total, nous avons pu attribuer cette transition d'une ODC 3D à une ODC 2D, au découplage de la couche supérieure avec le reste du cristal dans le VSe 2 dopé sodium. De plus un état de bord d'énergie nulle a été identifié en STS à la frontière des îlots de sodium, et une explication sur la base de champs électrostatiques induits par des dipôles a été avancée mais une origine physique plus profonde reste encore à déterminer. Le quatrième chapitre présente le résultat du dopage à l'aide d'un plasma d'azote de deux TMD de nature différente. Le premier est encore le monocristal VSe 2 , où le dopage au plasma d'azote crée principalement trois défauts est un adatome d'azote en bridge sur trois séléniums. La spectroscopie présente une forte DOS au-delà de 1V mais aucun changement au niveau de Fermi. Cependant, l'adatome peut bouger entre trois positions symétriques et le courant tunnel résultant permet de caractériser la hauteur du potentiel que l'adatome a à franchir pour pouvoir changer de position, qui est approximativement de 0.6V. Le deuxième défaut est ce que l'on a identifié comme une substitution d'un sélénium par un atome d'azote et enfin, le dernier est ce qui s'apparente à une lacune de sélénium. Ces deux dernières identifications ne reposent que sur des considérations expérimentales portant notamment sur la STS et une étude en DFT est nécessaire pour compléter les raisonnements amorcés. Le deuxième matériau dopé est le monocristal de MoS 2 qui est un semiconducteur bien connu et énormément utilisés aussi bien dans des dispositifs électroniques que pour la manipulation et l'optimisation de ses propriétés intrinsèques. On attend donc du dopage à l'azote ( qui est un dopage de type P) qu'il compense le dopage de type N intrinsèque; cependant une première étude STS du matériau pur donne des valeurs de la position de début et fin de gap ( position du bord de la bande de valence et de conduction respectivement ) très disparate en fonction de la location macroscopique de la pointe. Cela varie entre un peu plus de 1V jusqu'au delà de 2V avec une moyenne autour des 1.5V proche des 1.3V donné dans la littérature. Des statistiques plus fines permettent de montrer en cohérence avec la littérature que le dopage N intrinsèque du gap est fortement inhomogène sur tout le MoS 2 et dépend notamment de la concentration en défaut de la zone observée. Ainsi, le dopage de type P induit par l'azote après dopage est in fine difficilement mesurable. Toutefois, suite au dopage, des défauts ponctuels ont été créés dans le MoS 2 et une simulation issue de la littérature scientifique nous permet de l'identifier comme un azote substitué à un atome de soufre en surface. De plus, ceux-ci présentent pour la plupart un état électronique dans le saut de bande du semiconducteur à une énergie fixe de -1.4V. Des calculs DFT sont là aussi attendus pour corroborer la présence de cet état. Enfin, des masques à base de molécule de C 60 ont été déposés sur du MoS 2 pur puis exposé à un plasma d'azote dans le but de créer des jonctions après évaporation de ceux-ci. Toutefois, l'expérience n'a pas abouti au résultat escompté puisque le dopage se retrouve sans nette distinction sur les zones protégées et exposées, et reste donc à parachever. Le dernier chapitre de cette thèse porte sur l'étude de la monocouche de VTe 2 , un métal où, sous forme monocouche, plusieurs périodicité d'ODC coexistent ( ce que l'on appelle polymorphisme ) principalement une périodicité en 4×4 et trois en 4×1. Etant très proche dans la famille des TMD du précédant composé étudié VSe 2 , des études ont aussi essayé de mettre en évidence une possible émergence de ferromagnétisme dans ce composé qui reste pour l'heure assez peu étudié. Néanmoins, nos études spectroscopique et numériques pour identifier la DOS de ce système ont été réalisées. La STS de ce matériau est très riche et présente de nombreux pics mais le duo autour du niveau de Fermi à -40mV et +20mV reste la signature principale. L'analyse DFT les attribue également à l'orbital d z 2 du vanadium dans le système d'axe trigonal antiprismatique. Des précédents d'analyses de l'ODC existent cependant dans la littérature et la question demeure de connaitre l'origine électronique de chacune des périodicités présentes. La thèse présente aussi une manipulation expérimentale de l'ODC réalisée avec l'application d'un pulse de courant à une tension donnée à l'aide de la pointe du STM permettant la transition d'un domaine d'une ODC à une autre. Une translation spatiale de l'ODC a aussi été observée dans certains cas. Le problème de l'origine de cette transition est compliqué par deux observations expérimentales. La première est le fait que les frontières des domaines des différentes phases des ODC changent avec la transition induite et d'autre part, le switch est plus efficace lorsqu'il est effectué sur la frontière du domaine que au centre. Une analyse du courant tunnel a finalement permis de caractériser expérimentalement le mécanisme. Tout d'abord, il possède une tension de seuil de environ 1V mais est aussi linéaire en courant, ce qui traduit un mécanisme à un électron. L'origine de ce phénomène reste cependant à modéliser à l'aide d'outils numériques pour mieux en comprendre l'origine. A l'issue de cette thèse, des caractérisations expérimentales au STM et STS soutenues quelquefois par des simulations numériques en DFT ont permis la compréhension globale de la physique impliquée dans ces trois TMD. L'études de perturbations causées par deux type de dopants différents ( à savoir les alcalins, donneur d'électrons et l'azote, accepteur d'électrons ) ainsi que de perturbation par des champs électriques de pointe y ont été menées. Deux d'entre eux ont donné lieu à une manipulation d'onde de densité de charge grâce à divers moyens, ce qui avait encore été rarement fait. Le champ d'application des matériaux à onde de densité de charge s'étoffe d'année en année avec par exemple, les oscillateurs, supercapaciteurs et autre composants de mémoire non volatile. Cette thèse ouvre finalement de nouvelles perspectives pour l'étude et la compréhension de système à ODC mais aussi sur celle des mécanismes de transferts de charge dans les Métaux de Transition Dichalcogénides. 
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Chapter 1

State of the art

When it comes to the future perspectives for innovative nanodevices, many materials may come to mind, but one family is particularly remarkable and focuses hopes for coming decades, namely the Transition Metal Dichalcogenide ( or TMD in short ). This family of crystals is very rare to find in the natural state except for some basic of them [START_REF] Golden | Rhenium variations in molybdenite (MoS2): Evidence for progressive subsurface oxidation[END_REF] formed millions of year ago. This is the reason why, for quite a long period of time, the history of TMD has only been restricted to MoS 2 , which has been studied since the middle of the XIX th century [2] [3] . Finally, when the trend of semiconductors started to raise in the first half of the XX th , people flashed light on MoS 2 and started to take TMDs out of the shadow. In two-three decades from seventies to nineties, condensed matter science community created a certain amount of knowledge with intensive research work on the topic with always improving characterization techniques. And slowly but surely, people realized how appealing the low dimensional physics were in there, by the huge number of various electronic configuration. A bit more than a decade later, the enthusiasm has been renewed under the arrival of monolayer compounds from crystal growth field advances following the exfoliation of graphene by the group of Novoselov in 2004 [START_REF] Novoselov | Electric field effect in atomically thin carbon films[END_REF]. It is however interesting to mention precursors publications reporting monolayer MoS 2 in early hours in the middle 80's [5] and fewlayer in 1966 [START_REF] Frindt | Single crystals of MoS2 several molecular layers thick[END_REF] !! These publication seemingly both went unnoticed . The trend is still high nowadays, in early second decade of the twenty first century, and TMD have been deemed as hosts of exotic physics which keep being dug out from these materials. Now that scientists start to develop an understanding of their properties, the goal for the coming decades would be to incorporate such compounds industrial applications such as batteries or even nanodevices for electronics compounds [START_REF] Shi | Physical properties and potential applications of two-dimensional metallic transition metal dichalcogenides[END_REF] [START_REF] Huang | Recent progress of TMD nanomaterials: phase transitions and applications[END_REF]. TMD are also in general good catalysts due to the presence of reactive sites on the layer edges [START_REF] Hinnemann | Biomimetic hydrogen evolution: MoS2 nanoparticles as catalyst for hydrogen evolution[END_REF] [10] , they are particularly interesting for the Hydrogen evolution reaction HER [START_REF] Ghorbani | Transition metal sulfides for electrochemical hydrogen evolution[END_REF], which is a promising technique for producing hydrogen in an environmental friendly way. When it comes to metallic TMDs, one may think of their usage for electrodes purposes due to their high electric conductivity in plane, especially for supercapacitors [12] [13]. Besides, because of their quasi 2D metallic characteristics, these particular compounds are subject to Charge Density Wave groundstate ( TaS 2 , NbSe 2 , ... as for the best known ). Thus allowing to create high performance oscillators [START_REF] Liu | A charge-density-wave oscillator based on an integrated tantalum disulfide-boron nitride-graphene device operating at room temperature[END_REF] based on the metal transition control CHAPTER I STATE OF THE ART 1.1 A simple picture of the Charge Density Wave and other phase switching devices [START_REF] Bertolazzi | Nonvolatile memory cells based on MoS2/graphene heterostructures[END_REF][START_REF] Li | Nonvolatile floating-gate memories based on stacked black phosphorus-boron nitride-MoS2 heterostructures[END_REF][START_REF] Lipatov | Optoelectrical molybdenum disulfide (MoS2)-ferroelectric memories[END_REF][START_REF] Vaskivskyi | Fast electronic resistance switching involving hidden charge density wave states[END_REF]. Finally, because of their large Van Der Waals gap, TMD are first-class compounds for batteries applications [START_REF] Wu | Transition metal dichalcogenide based nanomaterials for rechargeable batteries[END_REF] [START_REF] Wu | Acid-assisted exfoliation toward metallic subnanopore TaS2 monolayer with high volumetric capacitance[END_REF] [START_REF] Wang | Layered VSe2: a promising host for fast zinc storage and its working mechanism[END_REF]. Indeed their ability to host species in a reversibly manner endow them with the role of a storage for batteries. Globally, TMD are pertaining to the 2D material classes, aiming to go beyond the classical graphene properties [START_REF] Mas-Ballesté | 2d materials: to graphene and beyond[END_REF] and rapid progresses in this area foreshadow plenty of discoveries in the coming decades. In the following chapter, a basic introduction to charge density wave will be given, as it will play an central role in the following and in a second part, a light review of the three TMD we studied. Last some quick explanation on the numerical simulation used to shed light on our experimental work, will be provided.

A simple picture of the Charge Density Wave

The problem describing an instability in a 1D chain and leading to a lattice and electronic wave function distortion has been discussed for about a century now since its first prediction in the 1930's by Peierls [START_REF] Peierls | Quantum Theory of Solids[END_REF]. The term of Charge Density wave (CDW) on the other hand was first mentioned by Fröhlich in the fifties [START_REF]On the theory of superconductivity: the one-dimensional case[END_REF]. The theory has been enriched later on by Landau [START_REF] Mcmillan | Landau theory of charge density waves[END_REF] [START_REF] Mcmillan | Landau theory of charge-density waves in transition-metal dichalcogenides[END_REF] and others but still remains fully understood only in the case of 1D or quasi 1D materials and empirically extended to 2D or even 3D compounds. No proper complete model of the CDW in materials have been dug out yet. In this section, we will first review the original Peierl's 1D model, and see how we can translate it to 2D materials in a limited way. This only covers CDW emerging from electron lattice interactions. Last, we will approach briefly some way of manipulating the CDW for some applications.

1D Peierls model

For a 1D chain of atom distant of a from each other, we can define the following hamiltonian :

H = k k a † k a k + q ω o q b † q b q (1.1)
where k and ω o q are respectively the electron and the phonon energies at momentum k (resp. q), a † k & a k and b † q & b q are the electron (resp. phonon) creation and annihilation operators at momentum k (resp.q). This Hamiltonian describes a chain with phonon and electrons and contains an intrinsic instability as first noticed by Peierl's [START_REF] Peierls | Quantum Theory of Solids[END_REF]. Its Fermi surface is composed of two points symmetric with respect to the Fermi energy at -k F and k F , so that the only zero energy transition is at q = 2k F . In this system, the electron density on the chain is constant and equal to ρ 0 . If we add an electron-phonon coupling term, we give then the system the CHAPTER I STATE OF THE ART 1.1 A simple picture of the Charge Density Wave capability to lower its energy by distorting its lattice [START_REF] Grüner | The dynamics of charge-density waves[END_REF]. This is possible only below a critical temperature Tc, when the lattice vibrations are no longer screened by conduction electrons. It undergoes a so called Peierl's transition :

H = k k a † k a k + q ω o q b † q b q + k,q g a † k+q a k (b q + b † q ) (1.2)
g is here the electron-phonon coupling constant of the chain. The larger it is, the lower the energy of the system can reach after the transition. The electron filled band are then lower in energy but the empty band increase their energy also. A gap ∆ is then opening at the Fermi energy at k = k F . The order parameter can be read ∆e iφ = g < b 2k F + b -2k F > and using a mean field approximation (

< b 2k F + b -2k F > ≈ < b 2k F > + < b -2k F >), we get : ∆ = 2Γe - πV F g 2 (1.3)
where Γ is the electronic bandwidth. This leads to a density of electron on the chain of :

ρ(x) = ρ 0 + ρ 0 ∆π g 2 k F cos(2k F x + φ) (1.4) 
The electron density is then modulated along the chain and creates the distortion called Charge Density Wave. Its periodicity is given by λ = π k F cf. Fig. 1.1. The theory is unclear if the electronic modulation or the lattice distortion appeared first, but in the chain these two phenomenon are in interaction each other, and also by the electron electron repulsion in a more realistic picture. Besides, the energy gain has to be higher than the elastic energy cost, due to the lattice distortion for the CDW to be stable. Also, such a transition can only appear when the temperature reach a certain limit so that the thermal energy of the electron do not counterbalance the energy gain during this transition. This behavior is described by analogy with the BCS theory [START_REF] Schrieffer | Theory of superconductivity[END_REF], yielding a relation for the transition temperature similar to the one for superconductivity, ∆ = 1.764k B T . We didn't include any spin in our calculations. The Peierl's transition is supposed to describe a metal to insulator transition in the material, but in numerous cases, the gap opened is too weak and very localized on the Fermi surface so that, the compound remains overall metallic. Moreover, at high temperature the excited electrons are screening the electron-phonon coupling so that the gap remains hard to detect.

The above mentioned theory is a simple model to get a primary picture of the CDW for 1D compounds. Moreover, it can't be directly transposed to higher dimension. The picture become more complicated by increasing the dimension but also considering the other electronic properties of a real material. Especially, Fermi Surface Nesting (FSN) and Electron Phonon Coupling (EPC) are fundamentally different in the nature of the energy involved ( elastic scattering of the lattice for the FSN and inelastic for the EPC ), and have been found to exist separately in CDW materials. Indeed, some charge density wave have been found in materials whose Electron Phonon Coupling is very weak, as for instance in cuprates [START_REF] Lin | Nature of the charge-density wave excitations in cuprates[END_REF]. Besides the 1.1 A simple picture of the Charge Density Wave concept of Fermi surface nesting which is full ( in the sense that all the point of the Fermi surface are linked by the same vector, q = 2k F here ) in 1D because the Fermi Surface is only 2 points, is not always guaranteed in 2D & 3D, and can be pretty much weakened in some materials. That being the case, scientist were forced to find some new kind of electron lattice interaction to explain the formation of the CDW and fit the experimental evidences. All these situations allow CDW to be differentiated in categories [START_REF] Zhu | Misconceptions associated with the origin of charge density waves[END_REF] [31]1 and still have a long way to go to be fully understood.

Fermi Surface Nesting

First, the FSN is due to a special morphology of the Fermi Surface. As in 1D case where it was just composed of two points, forming a perfect nesting, FSN occurs when some point ensemble on the Fermi surface are forming parallel segments. These segments are then connected by CDW vectors allowing zero energy transitions. The more segment can be linked together by this nesting vector, the stronger the nesting is. The only way to determine the importance of the nesting is done by mean of the Lindhard function. The Lindhard function is the charge response function for a free electron gas coming from the linear response theory [START_REF] Giuliani | Quantum Theory of the Electron Liquid[END_REF]. Using this quantity we thus approximate the charge density wave as an electron gas. Without any spin consideration, the Lindhard function of an electron gas at the energy ω and momentum CHAPTER I STATE OF THE ART 1.1 A simple picture of the Charge Density Wave q, can be written as follow :

χ 0 (q, ω + iη) = 1 L d k n k -n k+q ω + k -k+q + i η (1.5)
where n k is the density of state at the momentum k belonging to the Fermi sea and of energy k . L d is a dimensional factor in dimension d and η is a quantity playing a damping role to ensure the causality of the Lindhard function. To discard the electron electron correlation, we further assume a non interacting Fermi gas model (i.e with a Fermi distribution function f k at a momentum k ) at zero temperature2 . We can then, simplify the above expression and especially allowing a continuous integration on the Brillouin zone :

χ 0 (q, ω) = 2 ω ˆBZ dk f k (1 -f k+q ) 1 ω + ( k -k+q ) + iη - 1 ω -( k -k+q ) + iη (1.6)
Finally, aiming at looking the transition on the Fermi surface, we get into the static limit, i.e. when ω → 0 and Im[χ 0 (q, 0)] = 0. Then we evaluate Re

[χ 0 (q, ω)] = χ 0 (q, ω) = 2 ω ˆBZ dk f k -f k+q k -k+q for different dimension. χ 0 (q, 0) =                - mk F 2π 2 2 1 2 + x 2 -4 8x ln x -2 x + 2 3D - m 2π 2 1 -Θ(x -2) √ x 2 -4 x 2D - m π 2 k F 1 x ln x + 2 x -2 1D (1.7)
where x = q k F and Θ is the Heavy-side function. We can finally plot these three Lindhard functions as a function of x ( see Fig. Here the Fermi Surface Nesting is taken at q CDW = 2k F , hence the divergence is located at x = 2

The study of these functions shows that a peculiar behavior appears for a q vector at about 2k F . In 1D , we observe a strong divergence, coming from the perfect nesting in this dimension, but in the case of 2D and 3D, the "diverging" feature is more moderate, meaning that the Nesting isn't always strong enough to cause a CDW. Beside, the more state on the Fermi surface are linked with the Nesting vector k F , the stronger the divergence is. Moreover, as one can see in the plot, the divergence get softened with the increase of dimension, as compared to the 1D case where the divergence is perfect. Stricto sensu, no FSN induced CDW is expected in 2D or 3D but of course, in practice, such CDW exists. Besides, this model remains true for ω slightly off zero value, so that a real Fermi Surface Nesting induces a divergence in both Imaginary and Real part. Since the Lindhard function stands for the system response to an external potential, such behavior will lead to strong instabilities of the system towards any perturbations such as thermal excitation or impurities. Upon an external potential Φ ext (r, ω) and an induced potential Φ ind (r, ω) proceeding from the response of the CHAPTER I STATE OF THE ART 1.1 A simple picture of the Charge Density Wave system, the induced charge density is then :

ρ ind (r, ω) = e 2 ˆdRχ(r, R, ω)Φ tot (r, ω) (1.8)
The CDW emerging are rather fragile, since the Nesting itself has many weak points [START_REF] Johannes | Fermi surface nesting and the origin of charge density waves in metals[END_REF]. One may cite among others, nesting defect δk on the Fermi surface, Temperature effects or zero energy transition decay rate and so one. All such factors may soften the Lindhard function divergence and thus destabilize the CDW ground state. Last, if two states of the Fermi surface are at the same energy but opposite velocity ( k +νδk and k -νδk ), they both contribute to the divergence of the Lindhard function but not to the Fermi surface Nesting. It is the case in CeTe3 [START_REF] Brouet | Fermi surface reconstruction in the CDW state of CeTe3 observed by photoemission[END_REF] [START_REF] Ralević | Charge density wave modulation and gap measurements in CeTe3[END_REF]. Moreover, when the Fermi surface of the material becomes complex, with many different band crossing it, many nesting vector are possibly competing to create the CDW, and investigations becomes pretty tidious. See for instance the case of 2H-NbSe 2 [START_REF] Nakata | Anisotropic band splitting in monolayer NbSe2: implications for superconductivity and charge density wave[END_REF] where the Nesting seemingly arises from the band near the K point. On top of the Fermi Surface Nesting, another stabilizing mechanism resulting from the electron lattice interactions is possible, the Electron Phonon Coupling, discussed in the next section.

Electron Phonon Coupling

In the 1D Peierl's model, the electron phonon coupling (EPC) is included and contributes to the CDW. However, this EPC actually needs to be strongly anisotropic and thus the electron phonon coupling constant exhibit a dependence in q :

H = k k a † k a k + q ω(q) b † q b q + k,q g(q) a † k+q a k (b q + b † q ) (1.9)
Under such conditions, we can treat the coupling term within the framework of the perturbation theory as a second order perturbation [START_REF] Grimvall | The electron-phonon interaction in normal metals[END_REF] . Then on top of that, we do a many body treatment to derive the full energy of the system E at reciprocal vector k :

E(k) = (k) + q |g(q -k)| 2 (1 -f q )(1 + N q-k ) E(k) -(q) -ω(q -k) + (1 -f q )N q-k E(k) -(q) + ω(q -k) - f q (1 + N q-k (q) -E(k) -ω(q -k) - f q N q-k (q) -E(k) + ω(q -k) def. = (k) + Σ(q, E) (1.10)
In this expression, we have the two distribution function, the Fermi distribution at k, f k and the Bose-Einstein distribution N -k. Also, Σ(k, E) is the electron self energy and is a function of both k and E. Thus, this equation makes the system full energy a functionnal, and can be treated with proper mathematical tool, in this case Schwinger-Dyson's equation to get an easier formula for the energy E in the limit of low energies and temperature :
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where k F is the Fermi reciprocal lattice vector and m b the mass of the phonon band. We see that the effect of the electron phonon coupling is to modify its mass by a factor of (1 + λ). This constant is given by

         λ = 2 ˆ∞ 0 α 2 (ω)F (ω) ω dω α 2 (ω)F (ω) = 1 (2π) 3 ´SF d 2 k ν 0 F ´S F d 2 k ν 0 F Σ s |g(k, k )| 2 δ(ω -ω(k -k )) ´SF d 2 k ν 0 F (1.12)
We introduced here on one hand the phonon density of state F (ω) and the quantity α 2 (ω) interpreted as an effective electron-phonon coupling function averaged over the Fermi surface. Note that in the coupling constant, we split the input vector q linking two state on the Fermi surface in two vector components linked together in q = k -k. If the electron phonon coupling is strong on the Fermi surface, a divergence in λ may lead to a zero value of the energy of the system. Such a phonon with a null energy at a finite momentum is called a soft phonon and is the results here of the EPC. Finally to bridge the phonon renormalization with the previous Fermi Surface Nesting, one can establish the following expression :

ω(q) 2 = ω(q) 2 + 2ω(q) | g(q) | 2 Re [χ(q, ω)] (1.13)
where ω(q) is the renormalized phonon energy induced by the electron phonon coupling, whereas ω(q) is the one without any EPC [START_REF] Zhu | Misconceptions associated with the origin of charge density waves[END_REF]. Here again the non interacting susceptibility has some influence. In this context, it can be identified as the Lindhard function of a noninteracting gas. Using the previous relations derived, the divergence might drop the phonon energy to zero for the real part and negative value for the imaginary part. Such phonon is called a soft phonon and the fact that a phonon band has such zero energy state is called "Kohn anomaly". Thus it is litterally free for the charge density to "set itself" at this momentum, and will more likely do it. From the two previous mechanism, a criterion has been proposed by Chan et al. [START_REF] Heine | Spin density wave and soft phonon mode from nesting fermi surfaces[END_REF], the notation are the one introduced previously :

4g 2 q ω q > 1 χ 0 (q) (1.14)
This inequality, derived from energy consideration on the electronic gain and cost for lattice distortion, summarizes the role of the several parameters contributing to the CDW. From there, we understand that for instance a divergence in the Lindhard function due to the Fermi surface Nesting might induce a CDW even if the electron phonon coupling is weak and vice versa. This is actually the most common situation where one mechanism exists without the other as mentioned earlier.
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Perspective in CDW field

The model described above, although not yet fully understood, is the common starting point to delineate the origin of CDW. Other models picture the CDW as emerging from different type of interactions than the electron-lattice one. For instance, the Charge Density Wave in TiSe 2 , a class IV TMD being a semi-metal might be engendered by the exciton -lattice interaction [START_REF] Sugawara | Unconventional charge-density-wave transition in monolayer 1t-TiSe2[END_REF]. Excitons create collective modes called Goldstone modes, which are the translation of the electronic fluid with respect to the lattice, and is plasmon like excitation. Such plasmonic mode will behave as a soft phonon mode at the transition temperature and hybridize with the lattice soft phonon, contributing to the CDW at the precise Nesting vector linking the maximum valence band and the minimum of conduction band [START_REF] Kogar | Signatures of exciton condensation in a transition metal dichalcogenide[END_REF] [START_REF] Pasquier | Excitonic effects in two-dimensional TiSe2 from hybrid density functional theory[END_REF]. Another important theory is the Overhauser's model, where the CDW takes its origin in the electron correlation. However up to now, no such CDW have been experimentally evidenced. In the same line, the electron-electron interaction may also favor the rise of CDW as it is believed to be the case in monolayer counterpart of the very famous CDW TMD TaS 2 , a class V TMD in which the Mott states cohabit at low temperature with the CDW. As seen in the last example of the previous paragraph, the CDW is capable to interact with different ground states in materials. This is the case in for instance in 1T TaSe 2 , CDW and superconductivity both coexist and get enhanced when going from bulk to monolayer [START_REF] Lian | Coexistence of superconductivity with enhanced charge density wave order in the two-dimensional limit of TaSe2[END_REF]. One may also cite a pretty spectacular intertwining in 1T TaS 2 of the Mott insulator state and the CDW. The monolayer happens to be a Mott insulator because of a single electron in its band. The CDW destroys this state in the bulk form by dimerizing the 3D stacking [START_REF] Butler | Mottness versus unit-cell doubling as the driver of the insulating state in 1t-TaS2[END_REF], switching it to a band insulator [START_REF] Lin | Scanning tunneling spectroscopic study of monolayer 1t-TaS2 and 1t-TaSe2[END_REF]. This is actually a distant dream for scientists working in such field to be able to control or even discard the CDW by tuning some parameter. This is the reason why intense researches in this area have been led in recent years, so that many methods have emerged to achieve such a goal [START_REF] Xu | Topical review: recent progress of charge density waves in 2d transition metal dichalcogenide-based heterojunctions and their applications[END_REF]. As a first example, one can think of doping the materials to alter its properties. This has been done many times for many different reasons. Alkaline are often used because they are very likely to give electrons to the host lattice. It is theoretically possible to suppress the charge density wave in NbSe 2 by intercalating Na atoms [START_REF] Lian | First-principles study of na-intercalated bilayer NbSe2 : Suppressed charge-density wave and strain-enhanced superconductivity[END_REF]. The electron doping mainly changes the Fermi Surface topology and also make the electron phonon coupling drop, thus leading to a suppression of the soft phonon. A CDW distortion is also observed in VSe 2 as we'll talk about it later. Another strategy for doping might be using Cu or Fe to foster the competing superconductivity as a ground state. This has been predicted in Cu doped TiSe 2 [START_REF] Bussmann-Holder | Suppression of charge-density formation in TiSe2 by cu doping[END_REF], even if so far experimental data are often not following the predicted trend [START_REF] Jeong | Electronic structure study of cu-doped 1t-TiSe2 by angle-resolved photoemission spectroscopy[END_REF] [START_REF] Iavarone | Evolution of the charge density wave state in CuxTiSe2[END_REF]. Also strain is a great way to tune the CDW properties since it must be pretty sensitive to lattice distortion. As an example, many TMD materials are predicted to loose or change their CDW under strain. 1H-TaSe 2 monolayer CDW has been found to be enhanced under compressive strain, but weakened and suppressed beyond 2% tensile strain [START_REF] Si | Charge-density-wave tuning in monolayer 1h-TaSe2 by biaxial strain and charge doping[END_REF]. A similar behaviour is occurring in the case of 1T-VSe 2 monolayer, where the strain can enhance or discard a particular soft phonon [START_REF] Si | Origin of the multiple charge density wave order in 1t-VSe2[END_REF]. Last but not least, in case of monolayer materials, the interaction with the substrate might play on it both ways, electronic doping and inducing strain, leading potentially to big changes in the fragile monolayer ground state. 1H-TaS 2 has CHAPTER I STATE OF THE ART 1.2 Three subject among Transition Metal Dichalcogenides its CDW shrank when grown on Au(111) [START_REF] Heraclitos | Substrateinduced suppression of charge density wave phase in monolayer 1h-TaS2 on au(111)[END_REF] [START_REF] Hall | Environmental control of charge density wave order in monolayer 2h-TaS2[END_REF]. Indeed, the d orbital of the TMD hold by Ta, hybridizes with the Au s orbital, inducing at the same time change in the electronic structure and lattice distortion in TaS 2 monolayer. The electronic changes seems here to be the causes of the CDW cancellation. Such effect does not happen when grown on graphene for instance where the CDW state is preserved. TiTe 2 monolayer is another case of such a strain sensitive material [START_REF] Guster | 2 x 2 charge density wave in single-layer TiTe2[END_REF]. Sporadically, some other technique are used to ping the CDW and hopefully get a reaction from there, as for instance applying an electric field. Crommie et al did it using STM, in applying a pulse to switch TMD phases in 1T'-WSe 2 , not related to CDW here [START_REF] Pedramrazi | Manipulating topological domain boundaries in the single-layer quantum spin hall insulator 1t -WSe2[END_REF].The field is however extremely active and promises important novelties in the future. Thus the CDW settle an immense and diverse playground for physicists, in which the TMD sample is only a small part of it with a very particular but yet ununderstood physics. In a more pragmatic way, the hope beyond the manipulation of CDW phase is to exploit its properties, and use it in several nanodevices [START_REF] Hossain | Recent advances in two-dimensional materials with charge density waves: Synthesis, characterization and applications[END_REF] .We will cite several example in the following. VS 2 nanosheet has been used as electrodes for Supercapacitors, reaching electric capacitance of 4760µF/cm 2 for a lifetime of 1000 charge / discharge cycles [START_REF] Feng | Metallic few-layered VS2 ultrathin nanosheets: High two-dimensional conductivity for in-plane supercapacitors[END_REF] 3 . Charge density wave based oscillator have been created using the reversibility of the Metal to Insulator Transition upon high electrical field ( 20kV/cm ) of Peierl's Transition in 1T-TaS 2 [START_REF] Liu | A charge-density-wave oscillator based on an integrated tantalum disulfide-boron nitride-graphene device operating at room temperature[END_REF]. Using again the switching speed ( 30ps ) of the previously mentioned Metal to Insulator transition in TaS 2 , an ultrafast current driven nonvolatile switching has been set up for nonvolatile memory in potential computer memory components [START_REF] Stojchevska | Ultrafast switching to a stable hidden quantum state in an electronic crystal[END_REF] [START_REF] Vaskivskyi | Fast electronic resistance switching involving hidden charge density wave states[END_REF]. Indeed, a pulse injection causes a fast resistance switching in the CDW, as the pulse travels through to material it converts a commensurately ordered polaronic Mott insulating state in 1T-TaS 2 to a metastable electronic state with a conversion of polarons to band states, and concurrent rapid switching from an insulator to a metal. This I hope, will convince and enthrall the reader about the considerable amount of research work remaining to seize entirely the CDW state.

Three subject among Transition Metal Dichalcogenides Materials

TMD have already been presented in the introduction of this chapter but now we will review their general electronics and structural properties, and also their growth methods nowadays. We won't go much into detail for this as TMD is a very vast subject and literature is abundant about it. And then, we will focus on the TMD mentionned in this thesis, namely VSe 2 , VTe 2 and lastly MoS 2 . The case of MoS 2 is a bit different as it is not a metallic CDW compound but a well known indirect gap semiconductor in its bulk form. The aim of this review is to understand the background and ongoing discussion about this three sample so that the directions of experimental work would be more easily understood by the reader.
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Generalities

Symmetries and Structure

Transition Metal Dichalcogenides materials stand among the most famous 2D material classes, with graphene and Boron Nitride and many others [START_REF] Tan | Recent advances in ultrathin two-dimensional nanomaterials[END_REF]. They all possess a common base lattice structure composed of vertically stacked layers, hold together by Van Der Waals (VdW) interactions. The gap between layers are thus called Van Der Waals gap. Each layer is composed of one transition metal atom (M) forming bound with two chalcogenides, or ligand (X 2 ). Such crystals have then the general formula M X 2 , whose most famous example remains MoS 2 . Also, they display a hexagonal lattice. To get an idea of the size of the cell, the a = b lattice parameters are around 3 Å and the c parameter is around 6 Å. Inside a single layer, the stacking of the chalcogenide layers is pivotal to define the symmetry of the crystal and hence, its phase. If these layers have a perfect vertical alignment, the unit cell has a tetragonal shape, and is called H-phase. If the layers are shifted of half a lattice parameter, then we get an octahedral cell, called T-phase, ( see both phase views in Fig. 1.3.a-b ). For this phase, the space group is P 3m1 in International notations ( or D 3 3d in Schönflies notation ) whereas the H-phase belongs to the P 6 3 /mmc ( or D 4 6h ) space group. To make it simple, the main difference is the presence of the inversion center on the transition metal in the T phase, and its absence in the H phase. On the other hand, the H phase requires a second layer to get an inversion center, located at equal distance in the VdW gap between the 2 layers, so that a vertical periodicity appears. This is the reason why these two phases are often called respectively 1T-phase and 2H-phase. Beyond that, less commonly some other phases can be described by stacking more layer on each other, such as 3R phase and 6R phases. Besides, some of TMD prefer distorted phase, thus breaking symmetries to lower their global energy, especially in monolayer phase, often mentioned as 1T' phase. One can cite VTe 2 as an extreme example with its recently discovered pentagonal phase in its monolayer [START_REF] Li | Monolayer puckered pentagonal VTe2: An emergent two-dimensional ferromagnetic semiconductor with multiferroic coupling[END_REF], transforming the 6-fold lattice symmetry in 4-folded lattice. Beside the fact that TMD are weakly coupled layered material so that they are called quasi 2D material, a single layer also possesses a quasi 1D character since a TMD layer can be seen as a juxtaposition of many octahedral chain, the inter chain coupling being reasonably weak. 

Electronic properties

In this paragraph we will mostly follow the work of Yazyev and al. [START_REF] Pasquier | Crystal field, ligand field, and interorbital effects in two-dimensional transition metal dichalcogenides across the periodic table[END_REF] , which give better actual insight than regular textbook [START_REF] Kolobov | Two-Dimensional Transition-Metal Dichalcogenides[END_REF]. Even though TMD are a pretty huge family of compounds, and due to their close location on the periodic table, they have the same valence orbitals coming into play, namely, for a n row transition metal and m row chalcogen, we have the (n-1) d orbital of the metal and the m s and m p ligand orbitals. Overall, one might keep in mind as a good roadmap in this field that the variety of properties of TMD comes from the interactions between these 3 orbitals, and especially the metal d orbital whose energy certainly varies across the periodic table. Beyond the simplistic ionic model assigning a formal charge of +4 on metal and -2 on chalcogens, depicted in the Fig. 1.3.c, the first picture is given by CHAPTER I STATE OF THE ART 1.2 Three subject among Transition Metal Dichalcogenides the crystal field theory taking into account the electrostatic effect between the ligand and the metal charges. In this model the T phase d orbital should split into a high energy doublet e g made of d z 2 , d x 2 -y 2 ; and a low energy triplet t 2g , made of d xy , d yz and d xz ; with a crystal field splitting of ∆ 0 , whereas in the H phase the (t 2g ) further split into a high energy doublet e , ( named from [START_REF] Huisman | Trigonal-prismatic coordination in solid compounds of transition metals[END_REF] ), composed of d A word also need to be said about the chosen orientation (means the z axis direction) of the d z 2 orbital because we face that problem in the result section. The most common convention for orbital like wave function base is the one with the d z 2 orbital along the TMD out of plane axis for the 1H phase and along the Ligand -Metal bound for the 1T phase. However if for instance we take the same orbital orientation for T phase as for the H phase, The total DOS remains the same since it is observable, but the orbital decomposition is changed. As shown in Fig. 1.4, the new orbital set t 2g (ant) and e g (ant) ( "ant" standing for antiprismatic CHAPTER I STATE OF THE ART 1.2 Three subject among Transition Metal Dichalcogenides configuration ) are then composed of different orbitals, respectively d z 2 , d x 2 -y 2 , d xy and d yz , d xz . Put in that way, we can see that the transition between antiprismatic decomposition, which is a kind of intermediate between T phase and H phase and the H orbital decomposition, only remains the lift of degeneracy of the low lying triplet done by lowering d z 2 orbital energy. However, such model might be in practice a limited picture to correctly explain actual physics happening in TMD, so that Density Functional Theory (DFT, described in the annex ) is the tool used to bring it a step further. When taking the antiprismatic base to describe T phase as done above, some hybridization actually happens between the orbitals so that two band set ( t 2g and e g ) originating from the ligand-metal bond orientated orbital decomposition, are no longer purely made from one set of orbital but from different orbitals from the two set ( see Fig. 1.5). The story is reversed in the case of H phase. The orbital basis with vertical z axis leads to weak hybridization of band but choosing the ligand -metal as z axis causes strong hybridization in bands. As seen in the following picture from [START_REF] Pasquier | Crystal field, ligand field, and interorbital effects in two-dimensional transition metal dichalcogenides across the periodic table[END_REF], the axis of the textbook are chosen to lead to the weakest hybridization between bands. Last, in the majority of TMD, the overlap between d band and s/p bands are negligible, so that the band following the previous orbital basis raises from a single orbital. However this picture is not always correct and some bonding between orbitals has to be considered and some more complicated orbitals with more bands ( 11 bands adding 2 time 3 p orbitals; 13 bands adding 2 s orbitals ) have to be set up as displayed in Fig. 1.6.

Once this framework is settled, one can fill the band according to the d band filling, i.e the column number of the metal. Thus studying the variation of the crystal field energy splitting with the d band filling, one can predict the TMD nature and its overall electronic landscape and classify them accordingly [START_REF] Hwan | Analogies between the concepts of molecular chemistry and solid-state physics concerning structural instabilities. electronic origin of the structural modulations in layered transition metal dichalcogenides[END_REF], the different chalcogen bringing some less significant change in most cases. To start with, the d 0 TMD such as TiSe 2 [START_REF] Zunger | Band structure and lattice instability of tise2[END_REF] [67] and TiTe 2 [START_REF] Chen | Emergence of charge density waves and a pseudogap in single-layer TiTe2[END_REF] are semimetals. The d 1 family is supposed to have both phases at about the same energy, so that theses compounds are called polymorphs. This is indeed the case for the TaS 2 family [69] [START_REF] Pasquier | Crystal field, ligand field, and interorbital effects in two-dimensional transition metal dichalcogenides across the periodic table[END_REF] but in case of VS 2 family , only the T phase have been experimentally observed despite theoretical predictions [START_REF] Pushkarev | Structural phase transitions in VSe2: energetics, electronic structure and magnetism[END_REF] [71] [START_REF] Carlos | Ab initio investigation of structural stability and exfoliation energies in transition metal dichalcogenides based on ti-, v-, and mo-group elements[END_REF]. The d 2 compounds are all insulating, this is the case for many compounds there such as the famous MoS 2 , WS 2 , WTe 2 , MoTe 2 etc ... [START_REF] Samadi | Group 6 transition metal dichalcogenide nanomaterials: synthesis, applications and future perspectives[END_REF] [74] [START_REF] Kim | Origins of the structural phase transitions in MoTe2 and WTe2[END_REF]. Surprisingly, the d 3 case brings that the H phase should be lower but in practice no d 3 TMD are found to be in such phase ( as for instance ReS 2 family ) [START_REF] Zhang | Phase transition and superconductivity in ReS2, ReSe2 and ReTe2[END_REF] [START_REF] Choi | Origin of distorted 1t-phase ReS2 : first-principles study[END_REF]. The fact that electrostatic repulsion between atoms are minimized in an octahedral coordination might explain such behaviour, combined with the ability of the T phase to distort itself to lower its energy as mentionned before. However for the so called late group TMD, the hybridization is so important that the prediction becomes actually difficult. Nevertheless most of d 6 TMD them are semiconductor ( PtS 2 , PtSe 2 , PdS 2 , PdSe 2 ... ) or semimetals ( PdTe 2 , NiTe 2 ... ) [START_REF] Hooda | Electronic and topological properties of group-10 transition metal dichalcogenides[END_REF]. In all cases, monolayer TMD compound offer more opportunity to do some interesting physics around phases transitions, which is just at its infancy [START_REF] Karel-Alexander | Structural phase transitions in two-dimensional mo-and w-dichalcogenide monolayers[END_REF].

We will now introduce briefly under the light of what has been said before about TMDs and CDW, our three studied sample which are VSe 2 , VTe 2 and MoS 2 . VSe 2 and its structure ( a = b = 3.6 and c = 6 ) are know since quite a long time now, as the first publications are from the seventies [80] [81]. VSe 2 only exists so far in the metallic 1T phase ( structure in Fig. 1.7.a), its H phase remains to be grown successfully. Many before have tried to challenge the CDW in VSe 2 with different techniques [START_REF] Ekvall | Locally modified charge-density waves in na intercalated VSe2 studied by scanning tunneling microscopy and spectroscopy[END_REF] [83] [START_REF] Sonika | Low temperature raman and x-ray diffraction studies on fe intercalated VSe2[END_REF], in order to suppress it or at least to diminish its critical temperature. The main reason comes from the prediction of ferromagnetism order in this compounds [START_REF] Mounet | Two-dimensional materials from high-throughput computational exfoliation of experimentally known compounds[END_REF] [START_REF] Fuh | Newtype single-layer magnetic semiconductor in transition-metal dichalcogenides VX2 (x = s, se and te)[END_REF] induced by the Vanadium atom, in its bulk or monolayer form [START_REF] Ma | Evidence of the existence of magnetism in pristine VX2 monolayers (x = s, se) and their strain-induced tunable magnetic properties[END_REF] [START_REF] Wei | Emerging intrinsic magnetism in two-dimensional materials: theory and applications[END_REF]. Despite many experimental attempts to find some in the T phase [START_REF] Bonilla | Strong room-temperature ferromagnetism in VSe2 monolayers on van der waals substrates[END_REF] 4 , no magnetic order have been found yet (Fig. 1.7.g). This is the reason why scientists began to believe that the Charge Density wave present in the materials is actually quenching ferromagnetism [START_REF] Mariel Coelho | Charge density wave state suppresses ferromagnetic ordering in VSe2 monolayers[END_REF]. There is an incompatibility between the 2D environment needed to develop the CDW ground state and the 3D requirements of the ferromagnetism order to arise. Through many studies, bulk VSe 2 has been shown to exhibit weak Electron Phonon Coupling and strong response in Linhard function [START_REF] Terashima | Chargedensity wave transition of 1t-vse2 studied by angle-resolved photoemission spectroscopy[END_REF] [START_REF] Henke | Charge order from structured coupling in VSe2[END_REF]. From numerical simulation point of view, both FSN and EPC can be found to support the CDW ground state [START_REF] Si | Origin of the multiple charge density wave order in 1t-VSe2[END_REF] (Fig. 1.7.hj), being a 4x4x3 CDW in the bulk compound Fig. 1.7.b. The 1T VSe 2 monolayer CDW is predicted to be highly controlled by strain [START_REF] Si | Origin of the multiple charge density wave order in 1t-VSe2[END_REF] and doping [START_REF] Wang | Controllable phase transitions between multiple charge density waves in monolayer 1t-VSe2 via charge doping[END_REF]. STM studies on such sample give indeed different results according to the monolayer environment, especially according to the considered substrate, but on the other hand, few studies emphasize the actual role of charge doping. Most of recent paper report a √ 3× √ 7 CDW phase (Fig. 1.7.d,f) [START_REF] Chen | Unique gap structure and symmetry of the charge density wave in single-layer vse2[END_REF], studying classically MBE grown VSe 2 monolayer sample on SiC bilayer graphene whereas [START_REF] Zhang | Strain engineering a 4ax √ 3a charge-density-wave phase in transition-metal dichalcogenide VSe2[END_REF] reported a 4 × √ 3 on c-sapphire substrate (Fig. 1.7.e). Some studies [START_REF] Si | Origin of the multiple charge density wave order in 1t-VSe2[END_REF] show that among soft phonon in VSe 2 phonon dispersion band two of them, run major contribution to the EPC leading to the well known √ 3 × √ 7 and 4 × 4 CDW ordering. However they have different properties. Especially, the 4 × 4 CDW energy is decreasing with compressive strain but increasing with tensile strain. The √ 3 × √ 7 phase follows the same trend but its energy becomes lower than the 4 × 4 one for tensile strain. Transport measurements and Raman spectroscopy studies on the other hand, can estimate the transition temperature evolution with the number of layer [START_REF] Sugai | Investigation of the charge density waves in 1t-vse2 by raman scattering[END_REF] [START_REF] Xue | Thickness-dependent magnetotransport properties in 1t VSe2 single crystals prepared by chemical vapor deposition[END_REF]. The transition temperature at 110 -120K for the bulk VSe 2 drop at 80K for monolayer compound (Fig. 1.7.c). Beyond the ferromagnetism, VSe 2 is believed to be a place to find anomalous transition Hall effect [START_REF] Huang | Topological phase and quantum anomalous hall effect in ferromagnetic transition-metal dichalcogenides monolayer 1t-VSe2[END_REF]. Despite formidable progress on the understanding of the CDW roots in 1T phase VSe 2 , much remains to be done to understand exactly what's the exact role of each of these two mechanism. In our work described below in the corresponding chapter, we shed light on the interplay between CDW and the vertical dimension. , exhibiting hole pockets for the M points, which are the support for 4 × 4 CDW Fermi Surface nesting vectors (q 1 , q 2 & q 3 ). (a) and (j) come from [START_REF] Wang | Controllable phase transitions between multiple charge density waves in monolayer 1t-VSe2 via charge doping[END_REF], (b) from [START_REF] Jolie | Charge density wave phase of VSe2 revisited[END_REF], (c) has been extracted from [START_REF] Yang | Thickness dependence of the charge-density-wave transition temperature in VSe2[END_REF], (d) from [START_REF] Duvjir | Multiple charge density wave phases of monolayer VSesub2/sub manifested by graphene substrates[END_REF], (e) from [START_REF] Zhang | Strain engineering a 4ax √ 3a charge-density-wave phase in transition-metal dichalcogenide VSe2[END_REF], (f ) from [START_REF] Mariel Coelho | Charge density wave state suppresses ferromagnetic ordering in VSe2 monolayers[END_REF], (g) from [START_REF] Sumida | Short-range magnetic interaction in a monolayer 1t-VSe2 film revealed by element-specific x-ray magnetic circular dichroism[END_REF] and finally (h), (i) from [START_REF] Chen | Unique gap structure and symmetry of the charge density wave in single-layer vse2[END_REF].
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The VTe 2 monolayer

VTe 2 is an overall less studied material being overshadowed by its sibling VSe 2 . However, the recent interest for VSe 2 also applied to him, as they share similar properties and are grown in quite similar experimental conditions as emphasized earlier due to the presence of the same V 3d bands in the electronic structure, however there is in this TMD an hybridization of the V3d band and Te 5p band giving the electronic band structure more complex characteristics. VTe 2 is also found in 1T phase only (Fig. 1.8.c) but also in some distorted one, called 1T" phase whose transition temperature is at 482K [START_REF] Nakamura | Evaluation of photo-induced shear strain in monoclinic VTe2 by ultrafast electron diffraction[END_REF]. Ferromagnetic order has also been predicted in this sample [START_REF] Wang | Effects of strain and stacking patterns on the electronic structure, valley polarization and magnetocrystalline anisotropy of layered VTe2[END_REF] [START_REF] Mounet | Two-dimensional materials from high-throughput computational exfoliation of experimentally known compounds[END_REF] with magnetic moment of 0.78µ B for monolayer [START_REF] Chen | Electronic structure and magnetism of MTe2 (m = ti, v, cr, mn, fe, co and ni) monolayers[END_REF] , also originating from the strong spin orbit coupling derived itself from the lonely electron on the V outer d orbital. However, on the same scheme as VSe 2 , experimental studies did not allow to conclude to any ferromagnetism [START_REF] Sugawara | Monolayer VTe2: Incommensurate fermi surface nesting and suppression of charge density waves[END_REF] [107] (Fig. 1.8.h), and put its absence down to the competition with the charge density wave [START_REF] Liu | Multimorphism and gap opening of charge-density-wave phases in monolayer VTe2[END_REF]. In VTe 2 whose transition temperature is around 135K [START_REF] Ma | Charge density wave phase transitions in large-scale few-layer 1t-VTe2 grown by molecular beam epitaxy[END_REF] or maybe 186K [START_REF] Wang | Evidence of charge density wave with anisotropic gap in a monolayer vte2 film[END_REF], many CDW periodicity have been reported, this is the reason why one calls it multimorphism of the CDW. The bulk itself shows three 3 × 1 CDW along the three axis of the crystal [START_REF] Bronsema | The crystal structure of vanadium ditelluride, v1+xTe2[END_REF] even at room temperature [START_REF] Mariel Coelho | Monolayer modification of VTe2 and its charge density wave[END_REF] forming the aforementioned T" phase, whereas the few layer compound exhibits a 2 × 1 distortion corresponding to the T' phase [START_REF] Kawakami | Electronic states of multilayer VTe2 : Quasione-dimensional fermi surface and implications for charge density waves[END_REF] (Fig. 1.8.a and c). The monolayer and bilayer shows on the contrary a 4 × 4 CDW and also three 4 × 1 along crystal axis (Fig. 1.8.b) ( often missed by experimentalists doing diffraction on this sample ) seen only along grain boundaries, and are found to be undistorted in the 1T phase even at low temperature. The 4 × 4 CDW is thought to correspond to the superposition of two 4 × 1 pattern coexisting at the same time [START_REF] Wu | Orbitalcollaborative charge density waves in monolayer VTe2[END_REF] (Fig. 1.8.d and f). More occasionally, a 2 √ 3 × 2 √ 3 can be observed on a single sub monolayer island ( see Fig. 1.8.g ) and also a 5 × 1 at grain boundary of monolayer ( see Fig. 1.8.e ). Last but not least, an exotic pentagonal phase of VTe 2 monolayer have been predicted [START_REF] Li | Monolayer puckered pentagonal VTe2: An emergent two-dimensional ferromagnetic semiconductor with multiferroic coupling[END_REF] and grown experimentally. The origin of such a CDW landscape in monolayer is still to be confirmed. Whereas some believe it to come more from a multiple phonon instabilities rather than a single Fermi surface Nesting vector [START_REF] Wang | Evidence of charge density wave with anisotropic gap in a monolayer vte2 film[END_REF], some studies report triangular Fermi surface arcs surrounding the K point being the support of the Fermi Surface Nesting [START_REF] Sugawara | Monolayer VTe2: Incommensurate fermi surface nesting and suppression of charge density waves[END_REF] (Fig. 1.8.i-k), thus attributing to 1T-VTe 2 monolayer a metallic ground state. The intercalation of extra V atom in the lattice forcing the few layer and bulk to distort has also been cited [START_REF] Kawakami | Electronic states of multilayer VTe2 : Quasione-dimensional fermi surface and implications for charge density waves[END_REF]. On the other hand a gapped phase in VTe 2 monolayer of about 50 meV have been reported [START_REF] Liu | Multimorphism and gap opening of charge-density-wave phases in monolayer VTe2[END_REF]. This is one more time the same situation as for VSe 2 and mainly a matter of interpretation of the experimental data. We will give our in the experimental section. As other V X 2 ( X=S,Se ) compounds, VTe 2 is of interest for valleytronic applications, especially for the polarization of the K and K' valley. And some tried to lift it with several ways [START_REF] Wang | Effects of strain and stacking patterns on the electronic structure, valley polarization and magnetocrystalline anisotropy of layered VTe2[END_REF] to implement some valleytronic devices. Such manipulation of microscopic properties ( such as CDW ground state for instance ) in 2D materials is of paramount importance to bring new idea for the coming generations of nanodevices. [START_REF] Mariel Coelho | Monolayer modification of VTe2 and its charge density wave[END_REF], (d), (e), (f ), (g) from [START_REF] Liu | Multimorphism and gap opening of charge-density-wave phases in monolayer VTe2[END_REF] and (i), (j), (k) from [START_REF] Wang | Evidence of charge density wave with anisotropic gap in a monolayer vte2 film[END_REF] CHAPTER I STATE OF THE ART 1.2 Three subject among Transition Metal Dichalcogenides

The semiconducting MoS 2

MoS 2 is a widely studied material, nothing to be compared with the two previously introduced TMD ( around 40 000 publications overall, VSe 2 has about 500 and VTe 2 about 100 ). MoS 2 offers a widespread semiconductor ground state material with the possible to scale it down to the monolayer. Thus, it can be envisaged to be used for gate controlability in nanodevice, but without the inconvenient to be semi metallic as graphene. In its natural state, MoS 2 is mostly found in 2H phase being the most stable of all [START_REF] Karel-Alexander | Structural phase transitions in two-dimensional mo-and w-dichalcogenide monolayers[END_REF] (Fig. 1.9.a), beside that the synthesis of a 1T' MoS 2 crystal (Fig. 1.9.b) and its successful exfoliation is possible [START_REF] Yu | High phase-purity 1t -MoS2-and 1t -MoSe2-layered crystals[END_REF], however a full 1T MoS 2 bulk crystal as well as a MBE grown 1T MoS 2 monolayer are still missing [START_REF] Karel-Alexander | Structural phase transitions in two-dimensional mo-and w-dichalcogenide monolayers[END_REF]. So far indeed, 1T phase MoS 2 only exists for now in a fewlayer form, created by post treatment of 2H MoS 2 compound by lithium intercalation [START_REF] Kappera | Phase-engineered low-resistance contacts for ultrathin MoS2 transistors[END_REF] [116] (Fig. 1.9.g). The 1T phase is supposed to be metallic [START_REF] Barayang | Structural and electronic properties of monolayer 1t-MoS2 phase, and its interaction with water adsorbed on perfect, single s-vacated and MoS2-unit-vacated surface: Density functional theory calculations[END_REF] and exhibit superconductivity at the low temperature of 4K [START_REF] Fang | Structure re-determination and superconductivity observation of bulk 1t MoS2[END_REF] [START_REF] Somoano | Alkali metal intercalates of molybdenum disulfide[END_REF]. The 1T' phase is also metallic [START_REF] Nourbakhsh | MoS2 field-effect transistor with sub-10 nm channel length[END_REF]. On the other hand, the 2H phase is semiconducting with a calculated indirect gap in bulk compound ranging from 0.786 eV to 1.29 eV going from the Γ point to the K point in momentum space [START_REF] Wei | Electronic and elastic properties of MoS2[END_REF] [START_REF] Dong Fu | First principle study on electronic structure and optical phonon properties of 2h-MoS2[END_REF]. When thinning down to the monolayer, the gap becomes a direct gap located at Γ point and is 1.8 eV large [START_REF] Dong | Electronic and optical properties of single-layer MoS2[END_REF] [124] (Fig. 1.9.d). Like most semiconducting TMDCs ( such as WS 2 for instance ), MoS 2 has a thickness-dependent band gap which is a very interesting properties for optoelectronics applications [START_REF] Ganatra | Few-layer MoS2 : A promising layered semiconductor[END_REF]. As in numerous cases, a semiconductor get doped by its intrinsic defects [START_REF] Zhou | Intrinsic structural defects in monolayer molybdenum disulfide[END_REF], thus shifting the gap and showing a n-type behaviour [START_REF] Mcdonnell | Defect-dominated doping and contact resistance in MoS2[END_REF] or even inducing states inside the gap ( deep states ) or at its edge ( shallow states ) [START_REF] González | Theoretical characterisation of point defects on a MoS2 monolayer by scanning tunnelling microscopy[END_REF] (Fig. 1.9.e). This is precisely why they are unwanted for practical application [START_REF] Rai | Progress in contact, doping and mobility engineering of MoS2: An atomically thin 2d semiconductor[END_REF] and an experimental challenge is then to achieve an excellent quality 2H MoS 2 compound eventually with a stable p-type doping. This is the reason why MoS 2 has been the target of intense defect engineering research in this regard. This is achieved by substituting some foreign doping atoms in the MoS 2 lattice. A bunch of materials have been found working such as Nb [START_REF] Li | P-type doping in large-area monolayer MoS2 by chemical vapor deposition[END_REF] [131] (Fig. 1.9.c), P [START_REF] Nipane | Few-layer MoS2 p-type devices enabled by selective doping using low energy phosphorus implantation[END_REF], Sm [START_REF] Li | Enhanced electrical performance of monolayer MoS2 with rare earth element sm doping[END_REF] or even a whole molecules such as thiols [START_REF] Förster | Functional thiols as repair and doping agents of defective MoS2 monolayers[END_REF]. Beyond the gap, some defect engineering has been achieved in order to reach the limit of the semiconducting ground state. By way of examples, the direct band gap of the monolayer get shifted by to indirect band gap by applying strain [START_REF] Wang | First principles study on properties of monolayer MoS2 under different strains[END_REF], and a magnetic ordering raises in 2H MoS 2 upon doping with magnetic d metals such as V, Fe, Co or even Cu [START_REF] Fan | Ferromagnetism in transitional metaldoped MoS2 monolayer[END_REF]. The monolayer MoS 2 has been proposed to be used for nanodevices for more than ten years [START_REF] Radisavljevic | Single-layer MoS2 transistors[END_REF] [START_REF] Choi | High-detectivity multilayer MoS2 phototransistors with spectral response from ultraviolet to infrared[END_REF] and is now involved in countless of nanodevices and technologies. One may cite Light Emitting Diode (LED) [START_REF] Lee | Layertransferred MoS2/GaN PN diodes[END_REF] [140], photodetectors [START_REF] Kufer | Highly sensitive, encapsulated MoS2 photodetector with gate controllable gain and speed[END_REF] [142] (cf also Fig. 1.9.h), photovoltaics [START_REF] Atteq Ur Rehman | n-MoS2 p-si solar cells with al2o3 passivation for enhanced photogeneration[END_REF] [START_REF] Hao | High-performance n-MoS2/i-SiO2/p-si heterojunction solar cells[END_REF], lasers [START_REF] Salehzadeh | Optically pumped two-dimensional MoS2 lasers operating at room-temperature[END_REF] [START_REF] Woodward | Few-layer MoS2 saturable absorbers for short-pulse laser technology: current status and future perspectives[END_REF] for optoelectronics; Field Effect Transistors (FETs) [START_REF] Liu | Pushing the performance limit of sub-100 nm molybdenum disulfide transistors[END_REF] [120], ultra-low-power-tunneling-devices (tunnel-FETs (TFETs)) [148] [149], piezotronics [START_REF] Zhu | Observation of piezoelectricity in free-standing monolayer MoS2[END_REF] [START_REF] Wu | Piezoelectricity of single-atomic-layer MoS2 for energy conversion and piezotronics[END_REF] and other different kind of sensors [152] [153] for electronics; digital logic [START_REF] Yu | Graphene/MoS2 hybrid technology for large-scale two-dimensional electronics[END_REF] [155], analog RF [START_REF] Chang | Largearea monolayer MoS2 for flexible low-power RF nanoelectronics in the GHz regime[END_REF] [157] and memory [START_REF] Chaitanya | Dynamic memory cells using MoS2 field-effect transistors demonstrating femtoampere leakage currents[END_REF] [159] for quantum computing (Fig. 1.9.f). However, taking advantage of the defect, creating junctions in 2H MoS 2 would be an achievement with many possible applications. This is the reason why we took the first step by introducing some N atoms in the MoS 2 lattice. from [START_REF] Splendiani | Emerging photoluminescence in monolayer MoS2[END_REF], (e) from [START_REF] González | Theoretical characterisation of point defects on a MoS2 monolayer by scanning tunnelling microscopy[END_REF], (f ) from [START_REF] Yu | Graphene/MoS2 hybrid technology for large-scale two-dimensional electronics[END_REF], (g) from [START_REF] Kappera | Phase-engineered low-resistance contacts for ultrathin MoS2 transistors[END_REF] and (h) from [START_REF] Kufer | Highly sensitive, encapsulated MoS2 photodetector with gate controllable gain and speed[END_REF] CHAPTER I STATE OF THE ART 1.3 -Annex Numerical simulations insight

Annex -Numerical simulations insight

In order to interpret our experimental results, DFT ( Density Functional Theory ) calculations have been performed by Yannick Dappe group at CEA Saclay, France and also by Dr.J-P Chou in National Changhua University of Education, Chuanghua City, Taiwan. For a better understanding of the way these results have been derived, we will present here briefly the principle of DFT calculation in a first part and then the extension used in our actual calculation and their consequence on the result.

Density Functional Theory generalities

The first calculation comprehended as the precursor of DFT is the Thomas-Fermi model, established in 1927. The total classical energy of a uniform electron gas is expressed as a function of the electronic density. Some corrections were later brought to this model as the approximations originally made were lacking of robustness to describe a real situation. Nevertheless, this was the first time such quantity was used alone to describe a many body system. Later on, Hohenberg and Kohn [START_REF] Hohenberg | Inhomogeneous electron gas[END_REF] showed that the electron density uniquely determine the system energy. From this later results, emerged the idea to create computational process using the electron density as a variable to accurately derive the energy of a system. The appeal of this methods comes from the fact that electron density is itself a function with 3(N-1) variable less than the N electron wave functions, saving a significant amount of computational power. In practice, the total energy functional is obtained by minimizing ψ| Ĥ |ψ over all manyelectron wave functions ψ contributing to the electron density n, writen {ψ → n}. The total energy functional is then :

E[n] = min {ψ→n} F [n] + ˆv(r)n(r)d 3 r
The first part encompasses the kinetic energy and the electron-electron interaction potential F [n] = min {ψ→n} ψ| T + Vee |ψ , whereas the second term on the right hand side stands for the external potential V [n]. The ground state energy is subsequently E[n] minimized with respect to n. n 0 is the corresponding electron density. On top of that on can define the exchange correlation energy as follows :

E xc [n] = (T [n] -T s [n]) + (V ee [n] -V H [n])
In this expression, T s [n] is the kinetic energy on interacting particles and V H [n] is the Hartree energy describing the electron-electron repulsion

V H [n] = 1 2 ¨n(r)n(r ) |r -r | d 3 rd 3 r . As
a physical interpretation of the exchange interaction, this relates to the modification of the distance between two indistinguishable particles when there is an overlapping of their wave CHAPTER I STATE OF THE ART 1.3 -Annex Numerical simulations insight functions. In case of fermions, the distance tends to be augmented. The consequence of that are mostly the emergence of some magnetism in materials.

One year later, W.Kohn and L.J. Sham produced a method based on the previous model to determine the functional F[n] of a real physical system. We consider at first the physical interacting system to model with the density of state n(r) supposed to vary slowly enough to decompose the exchange correlation energy

E xc (n) as E xc [n] = ˆn(r) xc (n(r))d 3 r with xc (n(r)
) the exchange and correlation energy per electron of the electron gas. This approximation is called the Local Density Approximation (LDA) and is widely used. Provided the previous hypothesis, we can use the intrinsic stationary properties of the density of state to derive :

       ˆδn(r)d 3 r = 0 ˆδn(r) δT s (n) δn(r) + v(r) + ˆn(r ) |r -r | dr + d(n xc (n)) dn d 3 r = 0 (1.15)
These equations are exactly similar as the one found in the case of a non interacting electrons gas evolving in a potential v s . Matching the two expressions, it is possible to build

the potential v s = v(r) + ˆn(r ) |r -r | dr + d(n xc (n)) dn .
From that analogy, we can bring the problem back to a non interacting electron gas where every electron follow separately a simple one electron Schrodinger equation :

(- 1 2 ∆ + v s ([n], r))φ k (r) = k φ k (r) (1.16)
where φ k are the Kohn-Sham orbitals. And since the system is non interacting the probabilities |φ 2 k | are also independent. After solving these set of equation we can build the new density of states :

n(r) = N i=1 |φ k (r)| 2 .
Eventually, we solve consistently5 this set of Schrodinger equation to get the ultimate value of density of state and system energy.

To go further, when the approximation isn't accurate enough,e.g. when the electronic density is less uniform like overlap region between atoms or molecules, one can consider different expression for the exchange correlation energy. In their above mentioned article, P.Hohenberg and W.Kohn introduce the exchange correlation energy expansion in term of gradient of the density :

E xc (n) = ˆ xc (n)nd 3 r + ˆ (2) xc (n)|∇n| 2 d 3 r + .... Such new CHAPTER I STATE OF THE ART 1.3 -Annex Numerical simulations insight
assumption might help to correct with a reasonable accuracy the previous density of state. In general, any assumption on the exchange correlation energy taking the form :

E xc [n] = ˆf (n(r), ∇n(r))d 3 r (1.17)
get entitled the name of Generalized Gradient Approximation (GGA). Such model are used to take into account reasonably important spatial variation of the density of state through the use of gradient. Among the very famous functional for GGA, one can cite the Perdew-Wang (PW) functional or also the Perdew-Burke-Ernzerhof (PBE) functional.

Perdrew -Burke -Ernzerhof functional

Among the most famous and widely used GGA functional stands the PBE functional for exchange correlation energy built in 1996 [START_REF] Perdew | Generalized gradient approximation made simple[END_REF]. This functional is attractive regarding its very simple use and also its flexibility of behaviour at low electronic density and high electronic density. But it is also to be noted that from Kohn-Sham scheme release, many functional have been built but outstripped by the later one. For instance, the PBE itself is an improved version of a early functional : Perdew -Wang (PW91) [START_REF] Perdew | Generalized gradient approximation for the exchange-correlation hole of a many-electron system[END_REF]. PW91 was criticized for its excessively complex enhancement factor f depending on too many parameters and its non analytic behavior for high electronic density, whereas at low density variation, PW91 remains less accurate than simple Local Spin Density (LSD). In the following, we will introduce briefly the PBE functional as a prime example. The authors of [START_REF] Perdew | Generalized gradient approximation made simple[END_REF] give separate expression for exchange energy on one hand and correlation on the other hand :

     E GGA C [n] = ˆn[ unif C (r s , ζ) + H(r s , ζ, t)]d 3 r E GGA X [n] = ˆn unif X (n)F X (s)d 3 r (1.18) In the first line, H = e 2 γφ 3 a 0 ln 1 + β γ t 2 1 + At 2 1 + At 2 + A 2 t 4
is the gradient contribution to the correlation energy, r s is the radius of the Wigner-Seitz sphere defined by 

4 3 πr 3 s = 1 n , ζ = (n ↑ -n ↓ ) n the relative spin polarization, t = |∇n| 2φk s n a dimensionless gradient, φ(ζ) = [(1 + ζ) 2/3 + (1 -ζ) 2/3 ] 2 a spin scaling factor, k s = 5 √ 2 4 3 2 √ r
CHAPTER I STATE OF THE ART 1.3 -Annex Numerical simulations insight F X (s) = 1 + κ - κ (1 + µs 2 κ ) with s = |∇n| r s 2n 3 9π 4 , κ = 0.804 and µ = βπ 2 3
. All these expression are chosen so that the functional get acceptable asymptotic parameter behaviour. The PBE functional approximates the LSD at small energy density variation as it is more accurate than GGA as we said earlier, and then H ∝ βφ 3 t 2 . At rapidly varying electronic density, t → ∞, H converges to a constant, H ∝ -unif C . However, the functionnal shows qome weaknesses, since, for instance, second order gradients have limited accuracy in the slowly varying density limit.

Beyond GGA approximation

Few steps in the recent physics history have be taken to improve even more the accuracy of the GGA functional.The so called meta-GGA functional are in addition considering the laplacian of the density of state in exchange correlation energy.

E M GGA XC [n] = ˆn(r) XC (n(r), ∇n(r), τ S (r))d 3 r (1.19) With τ S (r) = 1 2 ik |∇φ ik (r)| 2
, the non interacting kinetic energy density ( φ ik being the orbitals of the system ). Such a treatment is of great help to describe non covalent bonding interaction ..... over PBE for instance; at the cost of rapidly leading to cumbersome calculations and expressions of the energies.

Finally, at the same time, people thought instead of using a single functional, they might as well use a linear combination of many of them, combining thus the advantage brought by each. Such a method is called as Hybrid GGA functional.

FIREBALL and McWEDA

We will now present a specific computational system named FIREBALL, and its approximation because it will be used later in this thesis in the result section. FIREBALL is a local-orbital ab-initio tight binding implementation of molecular dynamics. It has the advantage of saving time and computational resources through fast calculation. But this, as always, has a cost in accuracy and to remedy this, one has to start with a good knowledge of the studied system,i.e. starting from a system with fundamental quantities not too far from the equilibrium position.
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Harris-Foulkes functional FIREBALL is using a self consistent version of Harris Foulkes functionnal based on LDA 6 . The energy functional is then :

E tot [ρ( r)] = n n -E ee [ρ( r)] + E XC [ρ( r)] -ˆρ( r)V XC [ρ( r)]d 3 r + E ion-ion (1.20)
The n are the eigenstates energies solution of the Kohn-Sham equations as seen previously. The set of φ n are their associated eigenvectors, the orbital basis (cf Eq 2.2). E XC is the exchange correlation energy approximated later. The electron electron interaction energy E ee is given by :

E ee [ρ( r)] = 1 2 ¨ρ( r)ρ( r ) | r -r | d rd r
Next, the ion ion interaction energy E ion-ion is independent of the input DOS and reads :

E ion-ion = 1 2 i,j Z i Z j | R i -R j |
Last but not least, the quantity ρ( r) is the input density of state which can be, within the frame of Harris-Foulkes functional, chosen to be equal to the sum of atomic-like densities ρ i ( r) :

ρ( r) = i ρ i ( r) (1.21) 
FIREBALL basis set used to solve the one electron Hamiltonian are obtained by solving the atomic problem with the boundary condition that the atomic orbitals vanish from a certain radius r c , i.e. ψ(r c ) = 0. Then we can write the density of state in terms of these functions φ µ , where µ = (i, l, m), i is the atomic site, l the atomic sub-shell and m the magnetic quantum number. More precisely, the wave functions can be decomposed with a radial part R il (r) and an angular part Y lm (Ω) corresponding to the spherical harmonic φ ilm = R il (r)Y lm (Ω). This is more or less the translation of the tight binding character of this model.

ρ( r) = µ q µ |φ µ ( r)| 2 (1.22)
In the end, to solve self consistently the equations, we impose that the output orbital charges q out µ match the input orbital charges q µ . Practically, starting from an initial atomic CHAPTER I STATE OF THE ART 1.3 -Annex Numerical simulations insight configuration, all possible interactions in the system are calculated from the wave functions and an initial set of electronic charges, and then tabulated. The software resolves then the DFT equations (injecting each time the newly calculated charges, wave functions and energies, i.e. regular DFT job ), and stops when the above mentioned criteria is met. From this the Molecular Dynamics calculation are simply performed by FIREBALL by calculating the forces F i on each atom i :

F i = - ∂E tot ∂ R i (1.23)
In practice however, the self consistency is done in term of occupation number, n( r) = 2 µ,occ φ µ ( r) rather than spatial electronic density. Now we will spend more time explaining the treatment of the exchange correlation potential in the McWEDA framework.

Multicenter Weighted Exchange-correlation Density Approximation -McWEDA

In addition to the previously introduced computational methods, it is necessary to make some assumption on the exchange correlation potential need to be made. This new framework compose the Multi center Weighted Exchange-correlation Density Approximation or McWEDA developed in 2005 by Ortega J. et al [START_REF] Jelínek | Multicenter approach to the exchange-correlation interactions in ab initio tight-binding methods[END_REF]. McWEDA mainly consists in two approximations combined together. We first apply the Horsefield approximations for a one center system. Horsefield approximation is a many center expansion of the exchange correlation potential matrix element µ| V XC [ρ] |ν for two orbitals µ and ν. It can be done for the potential between two orbitals on the same atomic site (on site ), or on two different atoms (off site) as follow :

       φ µ | V XC [ρ] |φ ν ≈ φ µ | V XC [ρ i ] |φ ν + j =i φ µ | V XC [ρ i + ρ j ] -V XC [ρ i ] |φ ν (on site) φ µ | V XC [ρ] |φ ν ≈ φ µ | V XC [ρ i + ρ j ] |φ ν + k =i,j φ µ | V XC [ρ i + ρ j + ρ k ] -V XC [ρ i + ρ j ] |φ ν (of f site)
This approximation just evaluates the potential at a center on i, resp on i + j, and correct it with the sum of the potential differences between the center and all the other orbitals coupled with the center. The on site approximation sometimes need some more correction to be reasonably accurate. The next approximation, called the generalized Sankey-Niklewski approximation, is used to calculate the correction term in the above mentioned expression. It consists in a Taylor expansion of the exchange correlation potential itself around an average density ρ µν , so that :

V XC [ρ] ≈ V XC [ρ µν ] + V XC [ρ µν ](ρ -ρ µν ) + ... 1.3 -Annex Numerical simulations insight
The average ρ µν is chosen to be defined as :

ρ µν = w µ | ρ |w ν w µ |w ν (1.24)
where w µ is the weighing function taken as w il = |R il (r)|Y 00 (Ω) 7 The effect of SN approximation is mainly to weight the density in region of higher overlap. In the end, we can write the matrix element, in terms of the potential taken at the average density :

w µ | V XC [ρ] |w ν ≈ V XC [ρ µν ] w µ |w ν + V XC [ρ µν ]( w µ | ρ |w ν -ρ µν w µ |w ν )
Thus, applying successively the Horsefield approximations ( both on site and off site ) for the density of states from Harris-Foulkes functional, and then expanding the corrections terms according to the generalized Sankey-Niklewksi assumption, we get the Multicenter Weighted Exchange correlation Density approximation, so called McWEDA, as follows :

   Horsef ield approx. φ µ | V XC [ρ] |φ ν ≈ φ µ | V XC [ρ i ] |φ ν + ( φ µ | V XC [ρ] |φ ν -φ µ | V XC [ρ i ] |φ ν (on site) φ µ | V XC [ρ] |φ ν ≈ φ µ | V XC [ρ i + ρ j ] |φ ν + ( φ µ | V XC [ρ] |φ ν -φ µ | V XC [ρ i + ρ j ] |φ ν (of f site) (1.25) -→            Sankey -N iklewski approx. φ µ | V XC [ρ] |φ ν ≈ φ µ | V XC [ρ i ] |φ ν + V XC [ρ µν ] φ µ |φ ν + V XC [ρ µν ]( φ µ | ρ |φ ν -ρ µν φ µ |φ ν ) -V XC [ρ i ] φ µ |φ ν -V XC [ρ i ]( φ µ | ρ i |φ ν -ρ i φ µ |φ ν ) (on site) φ µ | V XC [ρ] |φ ν ≈ φ µ | V XC [ρ i + ρ j ] |φ ν + V XC [ρ µν ] φ µ |φ ν + V XC [ρ µν ]( φ µ | ρ |φ ν -ρ µν φ µ |φ ν ) -V XC [ρ ij ] φ µ |φ ν -V XC [ρ ij ]( φ µ | ρ i + ρ j |φ ν -ρ ij φ µ |φ ν ) (of f site) (1.26)
where we defined the quantities

ρ i = w µ | ρ i |w ν w µ |w ν and ρ ij = w µ | ρ i + ρ j |w ν w µ |w ν .
As said before, FIREBALL is based on a LDA functional ( Harris Foulkes ) with all that that implies as defects, e.g. underestimation of bond length, cohesive energy and gaps or bad description of metal/organics contacts. Despite, it has a really good accuracy over efficiency CHAPTER I STATE OF THE ART 1.3 -Annex Numerical simulations insight ratio, and is more accurate than the simple tight binding model but faster than the plane wave DFT.

Chapter 2

Experimental methods

LTSTM

Scanning Tunneling Microscopy is a relatively young technique. Tweaked in 1981 by G.Binnig and H.Rohrer and later rewarded with a Nobel Price in 1986, the STM comes much later than other condensed matter science characterisation techniques such as Transmission Electron Microscopy (TEM), invented in 1931 or Raman Spectroscopy, developed by Raman in 1928. It's principle is rather simple, pinging atoms with a current one by one to "see" them. In practice, we approach a metallic tip extremely close to a surface and use electron tunneling to measure the tip sample distance. The current exchanged in such manner between atom and tip carries many information related to the Local Density Of State (LDOS). The STM behold therefore a great force within, being a local probe microscopy technique, and at the same time being able to reach the DOS of the sample. This is opening plentiful possibilities for defect, molecules or special interface systems studies, in addition to observe common features ( ground state, lattice spacing, surface morphology at nanoscale ... ) of the material. Such tiny world at the surface of sample actually plays a great role in macroscopic phenomenon through their interaction with the bulk states. This is though achieved at a cost, very poor or even inexistent resolution in momentum and time, and the sine qua none requirement of an atomically flat surface. Certainly, since that time many variants of this system have emerged, by way of illustration we mention the four tip STM, allowing to perform STM and transport measurement at the same time, or spin polarized STM [START_REF] Wiesendanger | Observation of vacuum tunneling of spin-polarized electrons with the scanning tunneling microscope[END_REF], which allows to achieve a spin resolution like in Fig. 2.1.b. In its history, STM has been used to study a wide variety of materials and nanoscale systems with implications in various fields such as nanoscience, molecular electronics, nanomagnetism, low dimensional materials ..... Another unique power of the STM lies in atomic manipulation [START_REF] Meyer | Controlled manipulation of atoms and small molecules with a low temperature scanning tunneling microscope[END_REF] so that among the great prowess achieved by STM, one may cite the first atom manipulation [START_REF] Meyer | Controlled lateral manipulation of single molecules with the scanning tunneling microscope[END_REF] [167], Xe at 40K and CO at 15K on Cu [START_REF] Scharf | Excitonic stark effect in MoS2 monolayers[END_REF], and especially the creation of a quantum corral of Ag by the same group leading to the observation of standing electronic wave represented in Fig. 2.1.a. [START_REF] Crommie | Confinement of electrons to quantum corrals on a metal surface[END_REF]. Such a breakthrough
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2.1 LTSTM raises up opportunities for nanoscale chemistry and better understanding of the forces at stakes during reactions. Using that technique one can also functionalize the tip by adding molecules at the very end of the tip. Doing so on might add up some features to the tip but most of the time, a better atomic resolution is sought. As for low dimensional material, the carbon nanotube study of Venema et al. [START_REF] Venema | Atomic structure of carbon nanotubes from scanning tunneling microscopy[END_REF] stands as a prime example. In this particular case, STM is able to provide, characteristics of the nanotube and its related ground state. At last, STM allows in certain conditions, such as for molecules on a surface, to visualize molecular orbitals. This has been done by many groups [START_REF] Repp | Molecules on insulating films: Scanning-tunneling microscopy imaging of individual molecular orbitals[END_REF] [171], but a good example remains the pentacene on NaCl crystal, with clear contour of the orbitals at different energy.

All these enthralling examples are even more motivation to master such a promising tool. Taken from [START_REF] Wiesendanger | Spin mapping at the nanoscale and atomic scale[END_REF] We aim in the following section to first describe the basic element of a STM. And later, we review how STM has been theoretically parsed and understood, paving the way to introduce the actual experimental set up used for the work exposed in this thesis, through the last part of this section.

Working principle of a STM

STM description

The Microscope used in this work is shown in Fig. 2.2 We begin with the sample side. The sample stage, being a slot to keep a sample. This slot has to present some key features such as a great stability. Any slight mechanical oscillation might disturb the tunnel junction by modifying erratically the barrier thickness and thus the tunneling current. To ensure such stability, the stage is first mounted on a magnetic levitation system, isolating from outer vibration. And to prevent the sample plate to vibrate, four springs are constantly pressing it on the slot. This last system also guarantee a very clean current conductivity toward the electronics of the system, which is obviously crucial especially for minuscule current measured by STM. While on the subject, it is to be noted that a STM deals with currents as small as tens of picoampere 10 -12 A, so that noise should be less than few pA/ √ Hz, depending on the microscope. Some more features might be added to the sample stage including coil to work under magnetic field or cold finger being linked with a cold fluid reservoir to work at low temperature or in the opposite trend, counter-heating set up can also be mounted to increase temperature if needed.

As we'll explain it in detail later, the tip itself is mounted on a tip holder, connected with a piezoelectric material by a magnet. The first piezoelectric material is an inch worm system allowing to perform steps at the nanoscale. It is composed of a tube four lateral electrode operating the XY directions. Upon a selected potential difference distribution in these electrodes, the tube is bending in the resulting direction. This movement combined with the feedback loop, corresponds to a scan line for the tip and allows user to scan the surface line by line, at any angle. Two additional electrode at the top and bottom of the tube are here for very precise vertical moves, so called inch worm step. This system is useful for mainly two operations. First, by iterating such small step, it leads the initial approach until some tunneling current, as much as the input setpoint, is detected. And second, this allows vertical direction impulse to take data closer to surface briefly or even soft crash the tip to coat it with desired material. Nonetheless, this piezoelectric has a maximal range for extension, and at some point won't retract/extend further, leading to crash or lost of signal. This is the reason why it is always safer to work on the middle range of this piezo. On top of that sit another piezo, called XY table. It is composed of two rails on which a piezoelectric material extends, moving by the way the whole table in X/Y direction. Its step is bigger than the previous piezo tube and is only used for manual approach of the sample by mean of a remote control. It has to be noted that we can control the ratio input voltage / piezo extension. It is different depending on the microscope and has to be adapted to the working temperature accordingly. Once the tip is close to the sample, tunneling current is fetched back by the electronics, first the noise is cleaned and the signal amplified. The current is then subtracted to the previous value of current to monitor the tip Z position. A feedback loop will then adjust dynamically the tip position to desired value. The system will calculate and display the different data to user using equations explained later on. To get the derivative of current with respect to bias across the junction, we use a lock in amplifier to modulate the bias at a certain frequency ( 746 Hz in Paris ) to harvest the modulated current. The modulation also has to be cleaned from noise by low pass filter and amplified to be properly estimated. This is summed up in the scheme Fig. 2.3.

Operating modes

Ensuing the math and all the set up described in the next subsection, the STM is able to provide a variety of quantities, with different meaning and significance resulting from different configurations. Constant current mode -If we provide a current set point to the STM, it can keep it by adjusting compensating the height difference with the feedback loop when scanning. The bias is also kept constant, thus the height differences from the piezo adjustment are recorded and displayed. The obtained image is called topography of the surface but is often misconstrued and can't be straightforwardly linked with the tunneling current as seen later. Only under certain assumptions, which are not always straightforward for the user, this distance can be approximate to the tunneling current intensity. Constant height mode -In this mode the height remains the same during the tip scan and the tunneling current intensity variation are directly recorded. The feedback loop has however to be off. Needless to say that, with no feedback loop to support, this mode is quite dangerous to perform on rough or sloppy surfaces. For that reason, the previous mode is usually preferred to explore the sample and the present mode is only used when a small area of interest is found. Spectroscopy -To get access to the conductance and therefor the density of state of the sample in first approximation, the STM modulates for each voltage in range the sample bias V bias and measures the output intensity dI on a single pixel. The set point current still matters during the operation, because it determines the vertical position of the tip, which affects the overall intensity of the spectrum and possibly the existence of certain states dependent on tip-sample orbitals overlap. CITS mode -A Current Imaging Tunneling Spectroscopy ( CITS ) is a mapping of the area by spectroscopy. This takes an excessively high amount of time. This is the reason why many parameters have to be optimized. The time of each small movement has to be reduced ( time between two spectra, time to shift the bias, etc ... ) but also the system need to be extremely stable thermally, which s the reason why this is usually done at 4K. One more time, this type of operation is perilous for the tip state, which makes it vulnerable to crash but also change of shape. Nevertheless, the resulting mapping brings a lot of precious information on the observed system, especially because one can interpret it in first place as a mapping of DOS.
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Instruments

Two different STM were used for experiment. The first one is the one of Dr.Pai in Center for Condensed Matter Sciences ( CCMS ) in National Taiwan University ( NTU ), Surface Science Laboratory. See Fig. 2.4.a. This machine is composed of different part, each one of great importance :

-The first part, the simplest is a fast entry load lock, equipped with an omicron arm to grab sample and transfer it to the main chamber. Besides, a three slot sample holder is used to transfer four sample each cycle. The vacuum is created by a turbo pump and vacuum pump separated by a the four line part, bringing the load lock to a pressure of 1.10 -7 Torr within 5h.

-The main chamber is kept at the pressure of low 1.10 -10 Torr by one ion pump and on Turbo pump, joining the four line part. It is equipped with a manipulator arm, having a heater on it, and a slot on the reverse side to reach the tip flashing position. The main chamber contains many instruments such as Tantalum fork to flash the tip, a plasma source, Titanium Sublimation Pump (TSP) to regenerate vacuum, a UV baker, an alkali source ( composed of 5 different alkali rod Li, Na, K, Rb, Cs ), a Low Energy Electron Diffraction (LEED), an Argon gas sputtering gun and a Residual Gas Analyser (RGA) interface. The main chamber is linked with a RTSTM chamber ( unused in my experiments ), the Load Lock, a Raman arm, and a transfer load lock.

-The transfer Load lock is linking the main chamber, the LTSTM chamber and home built Molecular Beam Epitaxy ( MBE ) chamber. It has its own ion pump ( reaching 1.10 -10 Torr ) and is the fourth link towards the four line part from where it is pumped at low pressure. This load lock has one arm to take back the sample from the main chamber. The main feature of this section is the cleaving tool. It is actually a blade mounted on a wobble stick, grabbing the piece of tape placed over the sample to cleave. The tape has to be twisted in a loop shape, pointing upward and perpendicular to the knife to be caught on one side and pressed on the sample on the other side. Once it is grabbed, we can pull back the arm to remove the tape and let it fall in a little steel basket, under it. From time to time it is necessary to open the load lock to empty the basket. -The MBE chamber has 4 slots of 3 guns each for multiple combinations, all pointing toward a sample manipulator where the substrate for growth is, with a shutter on top of it to stop or start the growth. The sample manipulator has a resistive heater, to control the temperature of the substrate during the growth. The gun design is different according to the evaporated species. For instance, chalcogenides have a K cell with a crucible because of the the low evaporation temperature of these compounds ( for instance 120K for Se and 210K for Te ). The flux and temperature can be then finely tuned outside with a controller to monitor the growth.

-The LTSTM chamber is kept under a pressure lower than 10 -10 Torr and contains an Omicron LTSTM. An arm with one slot allows to transfer the sample from the transfer load lock. Then a wobble stick is used to transfer it in the carousel or in the LTSTM stage. The STM stage is surrounded by two rotating radiation shield around it. The shields have three window. On one side, the LTSTM stage is lighted by LED to help user navigating on it; on the opposite side, through windows a camera is monitoring the LTSTM stage with variable zoom system to help approach the tip from the sample. The cooling system is composed of 2 separate cryostats. An inner one, and outer one. They are both filled with liquid nitrogen to reach 77K but the inner Dewar can also be filled with liquid Helium to reach a temperature of 4K. The electronics used to control the STM is a RHK controller and the software used to communicate and acquire data is XPM pro 2.1.6 Version.

The other system used to do my experiment was the LTSTM of Dr.Lagoute in Paris University, Laboratoire des Matériaux et Phénomènes Quantiques ( MPQ ). ( See Fig. 2

.4.b )

. This system has only three parts but possesses different equipment and is complementary of the previous one.

-The Fast entry load lock is pumped by a turbo pump and a vacuum pump to reach approximately 10 -7 mB in 20 minutes. There is only one arm inside with a single slot. The difference in pumping time is due to the use here of a copper gasket to seal the opening window.

-The preparation chamber is at 10 -10 mB, and possesses two arms, one with ring locking system to grab samples from LTSTM chambers and from Load Lock. The second arm has two slots, one used for tip flashing, one with a heater going up to 600 o C. The chamber is also equipped with a LEED, TSP, a similar alkali source as in Taiwan ( plans brought and rebuilt in France during the PhD), a nitrogen plasma source with power up to 200 W, a cleaving tool similar to the one in Taiwan but with a conic tip at the end and rotated 90 o compared with Taiwan, that's the reason with tape are also turned 90 o here; a sputtering gun with argon flow, and a Tantalum foil for tip flashing.

-The LTSTM is the same model as in Taiwan, except for the magnet on the piezo electric ( see last section ). In a similar way, two radiation shield are protecting the LTSTM stage from contamination and with light and camera on each side to help landing the tip thanks to a piezoelectric. A molecular evaporator allows evaporation on the the STM stage. Some differences arise for the sample transfer which is done directly from main chamber to the carousel sample storage, then a wobble stick allow to grab and put the sample on the LTSTM stage. Besides the sample is most of the time here cooled at liquid Helium temperature, poured in the inner Dewar. The outer Dewar is still filled with liquid Nitrogen. The whole setup is mounted on an active damping system to reduce the mechanical vibrations. The software we used was Matrix Version 4.3.2. Each of the two systems have their advantage. They have both LEED characterization, cleaving tool to have clean surface, alkali source and Nitrogen plasma source to add impurities. However, the electronics of these two systems are different and does not allow the same precision in the measurement. The set up in Paris has Matrix electronics fit for refined STS measurements which allows for instance to take CITS ( Conductance Imaging Tunneling Spectroscopy ). On the other hand, the other LTSTM is combined with a MBE, allowing to create clean monolayer and doped system without contamination. The step of exposing the sample to ambient for transfer from a system to one another, with Se/S capping or not, is often crucial and often lead to unusable sample.

Theory

The idea of STM hasn't aroused all at once. The expression of the tunneling current in STM can be established following three steps. The very first and basic model is the model of a tunneling barrier in one dimension. To step up to the case to the case of tunneling between 2 electrodes in a planar junction.The model of Bardeen allows to derive the tunneling matrix element. This also gives a first expression of the tunneling current as a function of the density of state of the electrodes. Later on Tersoff and Hamann used plane wave and s wave approximation to get usable relation for the interpretation of STM experiments.
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Tunneling Barrier Model

This one-dimensional model starts with a particle, with energy E meeting a potential. The analogy might be made for an electron meeting the vacuum gap between the two electrodes ( tip and sample ). Its wave function ψ(x) is then solution of the time independent Schrodinger equation associated :

2 2m ∂ 2 ψ(x) ∂x 2 = (V (x) -E)ψ(x) (2.1)
where is the Planck constant, m is the mass of the particle ( electron ) and V the potential barrier expressed as follows :

V =    0 V (x) 0 x < 0 0 ≤ x ≤ L x > L (2.2)
The WKB approximation can help us find a solution in the barrier zone if the quantity p(x) = 2m(V (x) -E) does not annihilate there. However for sake of simplicity , we take a constant value for the potential V 0 . Across the three regions, three solution can be found, being a linear combination of two plane wave, one progressive and one regressive, but inside the barrier the plane wave becomes evanescent ( exponential decrease ). Then the equation simply resolves as follow :

ψ(x) =    a 1 e ikx + b 1 e -ikx a 2 e qx + b 2 e -qx a 3 e ikx + b 3 e -ikx x < 0 0 ≤ x ≤ L x > L (2.3)
where the momentum k can be expressed : k = 2mE , and q in a similar way is :

q = 2m(V 0 -E)
. These expression can be refined by boundaries conditions ( in free space, wave have sinus like shape ) but their existence alone is a proof that a tunneling might occur with some probabilities, which is of course in contradiction with the classical physics case. It actually remains true as long as V (x) has a finite value. This model is the basic simulation of a STM junction with an applied bias, the electron feels a linear potential in the gap. Depending on the potential applied, the regressive or progressive plane wave will exist, the other won't ( means a or b coefficient is zero ). Besides, one can further calculate the transmission coefficient, defined by the probability current j ratio of the transmitted and incident wave : T = j t j i , with j = i 2m (ψ∇ψ * -ψ * ∇ψ). The raw expression yields :
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Under the approximation of wide barrier ( p(0)L √ 1 ) and low energy particle ( E V o

), the final result reads :

T = p(0)L √ 1 16 k 2 q 2 (k 2 + q 2 ) 2 e -2qd = E Vo 16 3 + Vo E e -2qL (2.5)
This model is a first step to understand how tunneling barrier behaves. It is illustrated in Fig. 2.5. The tunneling probability is exponentially related to the barrier width ( with no surprise ). In other words a small change in the barrier width leads to a significant drop of the tunnelling probability. Thus STM requires a strong control of the distance between the tip and the sample, this is why an important part of the STM set up is dedicated to that purpose, namely piezoelectrics and feedback loop. 

Bardeen's Model

Before the STM was invented, XX th century physicists studied the junction between two metal separated by an insulating layer. Among them, J.Bardeen, in one of his article [START_REF] Bardeen | Tunnelling from a many-particle point of view[END_REF] published in 1960, has developed a model for planar tunnel junctions. It is considering a vacuum gap between two metals, accounting for the tip (T) and sample (S) in STM. A key hypothesis in this approach is that the two side of the system are considered to be unperturbed by each other but close enough inside the junction, one may consider a small contribution from both side wave function to the tunneling probability. From that, a solution for the electrons tunneling from the Sample to the Tip can be formed by linear combination of all possible excitation of a particle in the sample in state m to a state n in the tip and also the case where nothing happen. W m→n is the associated energy to this transition and W n is the one associated with the latter case. The time dependent solution on the sample state n is then :

Ψ = a(t)ψ T n e -iWnt + m b m→n (t)ψ S m e -iWm→nt (2.6)
where a(t) and b m→n (t) are time dependent transition amplitude coefficient. By projecting the time dependent Schrodinger equation of the latter wave function, we deduce the time evolution of the b m→n (t) :

d dt b m→n (t) = - i ˚ψT n V ψ S m dxdydz e -i Wm→nt
The quantity M m→n representing the tunneling matrix is defined on a volume element dτ by :

M m→n = ˚x<0 (ψ * n T V ψ S m -ψ S m V ψ * n T )dτ (2.7)
The tunneling matrix can be decomposed using the Hamiltonian, and integrated with respect to z. This then reads :

M m→n = 2 2m ¨z=0 (ψ S m ∇ψ T n * -ψ T n * ∇ψ S m )dSdz .
The probability of the state turning into n state being initially in a state m is then :

| c m→n (t) | 2 =| M m→n | 2 4sin 2 ( Wm→nt 2 ) W 2 m→n (2.8)
We then derive electron tunneling probability being the time variation of the previous quantity, yielding :

Γ m→n = d dt | c m→n (t) | 2 = 2π | M m→n | 2 sin(W m→n t )
πW m→n (2.9)

By analogy with the Fermi Golden Rule, we identify the right part with the density of state of the metal from which electron comes.
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Γ m→n = 2π | M m→n | 2 ρ T (E m ) (2.10)
where ρ S (E n ) is the density of state in the tip at the energy of the final state in the sample. From that results of Bardeen article, we can introduce the tunneling current. This is made from the sum on all energies of the product of the available electron quantity at the tunnelling state 2e ρ S (E F -eV + E)dE ( number of state in the energy range two times electron charge for the two spins ), the tunneling condition f (E F -eV + E) -f (E F + E) ( which is that the initial state is empty and the final state occupied, or vice versa ), and finally the tunneling probability factor Γ m→n associated with the transition we derived earlier. E F is the Fermi level and V the applied bias to the sample during the tunneling process shifting the energy level. As a recall the Fermi function of the system i is given by f

i (E) = 1 1 + exp( E-µ i kT i ) , µ i
is the chemical potential of the system i. In the end, this yields to :

I t = 4πe ˆ+∞ -∞ [f (E F -eV + E) -f (E F + E)] ρ T (E F -eV + E)ρ S (E F + E) | M m→n | 2 dE (2.11)
This can be reduced further if we notice that the condition for tunneling restrict the energy to be included in the range from Fermi energy to the energy of the electron feeling the bias. That is :

I t = 4πe ˆEF +eV E F ρ T (E F -eV + E)ρ S (E F + E) | M m→n | 2 dE (2.12)
The tunneling current being what is experimentally accessible, this final form allows us to comprehend the ambivalence of this signal. On one side we get a quantity proportional to the density of state in the sample, which is the crucial information to reach, but on the other hand this data is absolutely convoluted with the tip own density of state, which is a parameter out of control, and potentially altering the important signal. One have also to remember that Bardeen's approximation remains valid as long as the two metals are weakly coupled, which cease to be true when they get closer to one another ( tip get closer to the surface ). Although this appear to be a frequent case, for instance, when atomic resolution is needed, in practice this limitation does not apply burden the experimental process. Finally, Tersoff and Hamann [START_REF] Tersoff | Theory and application for the scanning tunneling microscope[END_REF] developed further the above expression in the context of the STM.
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Tersoff and Hamann

In the above expression of the tunneling current in a planar junction can be further simplified in the case of STM. This is achieved by replacing one planar electrode by a spherical wave function representing the STM tip as represented in Fig. 2.6. For the surface, a plan wave expansion is made in the following :

       ψ T = A T e -κ|r-r 0 | |r -r 0 | ψ S = ˆcS (k)e ik.r e - √ k 2 +κ 2 .z d 2 k (2.13)
where κ = 2m(φ + eV -E)

2
the decay length of the wave function and φ the work function of the surface. We can express the amplitude coefficient A T , modeling the tip apex as a potential well of radius R A T ≈ R 2 e κR ψ S (r 0 ). Note that we now consider the plan xy to be the sample plane. The Tip is located for z ≥ L, the sample for z ≤ 0 and the vacuum barrier between 0 and L. Now replacing this expression in the tunneling matrix and then in the tunneling current we obtain the following expression ( the variable change E → E -E F has also be done ) :

I t = e 2π 3 4 R 2 m 2 ˆeV 0 e 2κR ρ S (r, E)ρ T (E -eV )T (E, V, z)dE (2.14)
with the barrier transmission coefficient T (E, V, x) = e -2κz . These results are sometimes considered as oversimplified and may be unable to explain some features observed in the STM but nonetheless this model is widely and readily used as a first approximation by STM users for that it helps building a first picture of how STM works. Some more complicated orbital shapes have been studied, but the calculation remain uneasy [176] [177]. This type of calculation might help for surface with large corrugation, which isn't our case. Some studies [START_REF] Noguera | Validity of the transfer hamiltonian approach : application to the STM spectroscopic mode[END_REF] [178] also considered the existence of tip induced localized states, resulting from the interaction between the tip and the surface. The LDOS is then modified to account for the overlapping of reflected wave on the tip. These state are generally very sensitive to the tip surface distance.
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I t (V ) = I t = A ˆeV 0 e 2κR ρ S (r, E)ρ T (E -eV )T (E, V, z)dE (2.15)
with A being a constant independent of V, T (E, V, z) = e 2κz representing the barrier transmission coefficient and κ = 2m(φ + eV -E)

2

. Then the differential conductance dI dV straightforwardly gives :

dI dV = AT (eV, V, z)ρ S (eV )ρ T (0) + ˆeV 0 ρ S (E) d[T (E, V, z)ρ T (E -eV )] dV dE (2.16)
The first term of this equation lost the influence of the tip DOS and contains the desired
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2Experimental methods sample DOS multiplied by this exponentially decreasing transmission coefficient with respect to bias and sample distance. The other term on the right hand side remains convoluted with the tip DOS and acts as a background in the STS. In the low bias regime, we can neglect the second term whose variation are only important at large bias. Then we reach :

dI dV ∝ ρ S (r 0 , eV ) (2.17) 
A more accurate method to extract sample DOS has been first introduce by [START_REF] Koslowski | Deconvolution of the electronic density of states of tip and sample from scanning tunneling spectroscopy data: Proof of principle[END_REF] and by mean of WKB approximation, get a more complicated expression for the sample DOS. Another experimental tricks is to plot dI dV / I V instead. In some situation, this quantity appears to be more related to the sample DOS.

STM resolution

Before jumping to the experimental insight, we will say few words of STM lateral resolution. Tersoff himself [START_REF] Tersoff | Sample-dependent resolution in scanning tunneling microscopy[END_REF] tried to estimate the lateral resolution of the STM. It is however too difficult to get a general expression, and one need to work under the approximation of Tersoff and Hamann ( s-wave tip ). Thus, the tip wave function reads :

|ψ T | 2 ≈ e -2κx
x 2 exp(

-κy 2 x ) (2.18)
The root mean square of this exponential is then ∆y = 2x κ , which can be understood as the STM lateral resolution for imaging. Doing the same simple calculation in reciprocal space for parallel momentum contributing to tunneling, we get ∆k = 2κ x . And thus with have the following relation :

∆k ∆y = 2 (2.19)
This resembles to an uncertainty principle and hence sheds light on a dual aspect of the tunneling. Very sharp tip, thus having excellent spatial resolution ( useful for atomic resolution ), gives a very poor resolution in momentum space, which mean a spread averaging in STS spectra. A dull tip have consequently the opposite behavior. It is then of great importance during the tip making process to target a sort of balance between these two extremes.
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Experimental Methods

In this section, we provide details on sample and tip preparation.

Tip Preparation

Tip etching

The tip is made of a Tungsten wire mounted on a tip holder and chemically etched. The procedure is almost the same in Taipei and in Paris : The Tungsten wire ( purity 99.9% ) is first cut into 1-2 cm long pieces, then either spot welded or crimped onto the tip holder according to the tip holder model. In Taipei, the tip holder has three electrical contacts running different current. In that case, we first crimp the wire in a stainless steel tube and then spot weld it on the holder. With the other tip holder, the wire just need to be crimped in the middle tube. After this we plunge the tip in a Potassium Hydroxide ( KOH ) or Sodium Hydroxide ( NaOH ) ( similar effect, depending on the disponibility ). The solution must have the proper concentration to avoid too rapid or too weak reaction, namely for KOH solution. We then run a constant current through the tungsten wire, through the solution reaching a circular electrode made of a PtIr wire. The experimental setup is shown in Fig. 2.7.a. The following redox reaction takes place :

6H 2 O + 6e -→ 3H 2 (g) + 6OH - W (s) + 8OH -→ W O 2- 4 + 4H 2 O + 6e - W (s) + 2OH -+ 2H 2 O = W O 2- 4 + 3H 2 (g)
The circular shape of the platinum electrode is half immersed at the surface of the solution. This is pictured in Fig. 2.7.b . So at that specific place, the Tungsten is oxidized in W O 2- 4 soluble species in the water and by surface tension get a very sharp end of generally few tenth of nanometer. During the reaction a bubbling is observed that corresponds to the formation of H 2 (g). Once the tip is formed the remaining part of the W wire drops in the liquid. The tip is then washed with distilled water to completely stop the reaction and wash away remaining reactant from the tip. We finally appraise the tip quality by looking at it with an optical microscope. A tip ready to use for STM is shown in Fig. 2.7.c. The tip are insert in a double deck, hold by a magnets in slides. This double deck can be transferred in vacuum systems for tip flashing. 

Tip flashing

The tip flashing consists in heating up the tip to degas impurities and sublimate the tungsten oxide . In the vacuum chamber, we approach a tantalum foil ( in Paris ) or fork ( in Taipei ) to the tip apex and reach the tip bottom, so that it creates a stable junction. We then run a current through the tip up to 3 to 5 Ampere.

Tip calibration on Au(111)

As seen in the STM theory section, the tunneling current and thus the STM images are convoluted with the tip LDOS, the dI/dV signal, used for spectroscopy, is proportional to the product of the LDOS of the sample and the DOS of the tip. Therefore, for a reliable spectroscopy, one has to ensure that the DOS of the tip is a constant. As a consequence, we have to calibrate the tip before starting measurement on sample. We choose a material whose LDOS is perfectly known in the working energy range ( -2V to 2V most of the time for us ). Au [START_REF] Bronsema | The crystal structure of vanadium ditelluride, v1+xTe2[END_REF] is often chosen because it has very well defined Schokley state, but some other choice can be made, such as Ag [START_REF] Bronsema | The crystal structure of vanadium ditelluride, v1+xTe2[END_REF] or Cu [START_REF] Bronsema | The crystal structure of vanadium ditelluride, v1+xTe2[END_REF]. All of them are metallic and exhibit a Schockley state that can be used for calibration. A Shockley state is a surface state described in the Nearly Free electron approximation. Such state only exist at the surface and has an imaginary momentum in bulk, so that the amplitude of its wavefunction decreases in the bulk. An illustration is given in Fig. 2.8. Thus measuring this Schokley state hints us that the tip has a flat DOS in the energy range of interest. In Fig. 2.9, we show an example of STM image and spectrum on Au [START_REF] Bronsema | The crystal structure of vanadium ditelluride, v1+xTe2[END_REF]. The Au [START_REF] Bronsema | The crystal structure of vanadium ditelluride, v1+xTe2[END_REF] surface is hexagonal and in long range order shows herringbones reconstructions, which are the bright parallel line on the Fig. 2.9.c. These structure's shape are very sensitive with respect to stress but possess a constant width, which is often used for STM lateral calibration. The sharpness of the terrace's step helps estimate the sharpness of the tip. On the other hand the STS gives a very clear Shockley states. A step at -0.5V can be seen, as shown in Fig. 2.9.b. The tip is ready when all these features are obtained at once, and in a stable manner after pulsing and soft crashing the tip in clear gold area. The approach of the tip on gold sample is shown in Fig. 2.9.a. 

MBE growth

Using MBE in Taiwan laboratory, we grew VSe 2 monolayer on both bilayer graphene on SiC substrate and HOPG substrate and also, VTe 2 monolayer on bilayer graphene on SiC . The bilayer graphene was fabricated on Si-side of a n-type 6H-SiC(0001) wafer using a face-to-face method. The substrate is first outgased at 400 o C for 3 hours. Then it is transferred to the MBE chamber maintained at 3.10 -9 mBar. The Vanadium and Selenium / Tellurium flux were generated from Omicron e-beam evaporator and Knusden cell respectively. During growth the substrate temperature was maintained at about 230 o C and the vanadium to selenium / Tellurium flux ratio was set to ≈ 1:10. The monolayer film coverage was controlled by the deposition time while keeping the same deposition rate. To measure sample in France at 4K, the sample were either capped with Se ( 50 nm thick ) or transported in a vacuum suitcase maintained at 1.10 -8 mBar.

Bulk crystal Sample preparation

The bulk TMD crystal sample is first glued with silver epoxy glue, conductive glue cured for allowing current to flow, on a stainless steal omicron sample plate. The drawback of such a glue is the low temperature of its vitreous transition, so that we can't heat the sample higher than 130 o C. As a result, we won't be able to degas the sample to remove impurities. To get a clean surface, we need to first cleave it many times in air to get a rather plane surface and remove most of air contaminated surfaces. The sample then is transfered in the chamber and cleaved again using the cleaving tool and a piece of thick Kepton tape as described earlier.

Once we get a clean and flat surface to work with, we transfer the sample to the LTSTM chamber.

Alkali doping

In case we want to dope with alkali vapor the sample, we just bring the sample next to the alkali source ( SAES getter alkali rod ) but not facing it at first. The single alkali rod unit and our evaporator are shown respectively in Fig. 2.10 and Fig. 2.11. We run a current just below the emission threshold current for the alkali rod we want ( Li, Na, K, Rb or Cs ) for few minutes to warm it up. During that time, the pressure should not go beyond 10 -8 Torr, otherwise this means that the rod are too dirty and need to be degased first to remove potential contaminant. Almost at the same time, the current value is raised to the set point and the sample is turned toward the alkali source. We generally dope the sample for tenth of seconds, or 1-2 min. Beyond this limit, the sample is usually over doped. For instance using a Quartz Crystal Microbalance (QCM), we measured after stabilization of the rod a deposition rate of about 1 monolayer per 10 minutes, which is reasonable, with respect to what we observe in STM. 

Nitrogen Plasma doping

For the plasma doping, we use a radio frequency plasma source (....) remotely by the mean of a controller and water cooled circuit. The chamber is first filled up with Nitrogen gas through, up to the pressure of 4.10 -4 mB and sometimes more. To create the plasma, we use a power of 100 W. The deflector at 1kV is also activated to remove ionized impurities and keep nitrogen radical. The whole set up is shown in Fig. 2.12.a. As soon as the plasma starts, i.e the bright cloud can be seen, we open the shutter. Usually a time of 20/30 sec, is enough to get a doped surface. After that, we first close the power supply and then turn off the nitrogen flow, waiting for the pressure to go down before transferring the sample to the LTSTM chamber. We later confirm that the sample has been doped properly by finding some single N atom on the surface, being dissociated from N 2 molecule by the plasma.

C60 evaporator

During my thesis, I was brought to evaporate fullerene (represented in Fig. 2.12.b or also called C60 tout court on some TMD. These are actually molecules made of 60 carbon atoms and built as a hollow soccer ball for steric reasons. We introduce the molecules in a crucible (Fig. 2.12.c), and insert it in an appendix of the STM chamber. Let it pump for one night to 10 -9 mB, and we can connect it to the STM chamber whose pressure is going up to 10 -11 mB. To evaporate the C60, we raise slowly the temperature of the crucible to 400 o C, and the pressure is then going up to 10 -10 mB in the chamber. The shutter is then opened through the handle and the depositing time begins. Once done we slowly cool down the crucible. Moreover, the evaporator is pointing toward the STM stage and molecules reach it through holes in the two radiation shield that need to be aligned. Also we have to put the sample on the STM to deposit molecules which that the sample is cooled at 77K or 4K during the process. This is the reason why, it needs often to be followed by some room temperature annealing to allow the molecule to diffuse on the surface. Properties of Na intercalated VSe 2

Introduction

In the TMD family, 1T-VSe 2 is particularly intriguing in many aspects. Metallic TMDs have focused a wide interest since they can undergo various phase transitions including charge density waves (CDW). Although this phenomenon is well understood since several decades in 1D systems, the origin in 3D and 2D materials is still discussed [START_REF] Rossnagel | On the origin of charge-density waves in select layered transition-metal dichalcogenides[END_REF]. In its bulk form, VSe 2 exhibits a three-dimensional 4 × 4 × 3 CDW below 120 K for which different origins have been proposed such as Fermi surface nesting or electron-phonon coupling [START_REF] Terashima | Chargedensity wave transition of 1t-vse2 studied by angle-resolved photoemission spectroscopy[END_REF] [93], [START_REF] Si | Origin of the multiple charge density wave order in 1t-VSe2[END_REF] . There has been a renewed interest recently in 1T-VSe 2 after the observation of ferromagnetism that is still under debate with possible evidence of defect induced magnetism [START_REF] Bonilla | Strong room-temperature ferromagnetism in VSe2 monolayers on van der waals substrates[END_REF][START_REF] Mariel Coelho | Charge density wave state suppresses ferromagnetic ordering in VSe2 monolayers[END_REF][START_REF] Yu | Chemically exfoliated VSe2 monolayers with room-temperature ferromagnetism[END_REF][START_REF] Zhang | Magnetic transition in monolayer VSe2 via interface hybridization[END_REF][START_REF] Chua | Can reconstructed se-deficient line defects in monolayer vse2 induce magnetism?[END_REF]. The sensitivity of VSe 2 to defects or interaction with its environment allows to envisage to tune its properties by external elements. It has been shown that the d band filling of the metal cations, can play a key role in the CDW phase [START_REF] Huisman | Trigonal-prismatic coordination in solid compounds of transition metals[END_REF]. Therefore interaction of VSe 2 with dopant elements appears to be a promising route to tune its electronic properties. Impurities in TMDs have been used for a long time allowing surprising changes in their properties. As an example, NbSe 2 has been intercalated with silver atoms, leading to changes in the CDW pattern [START_REF] Koslowski | Observation of a superlattice in silver-intercalated NbSe2 by scanning tunneling microscopy[END_REF], and Ag even destroys CDW at room temperature when intercalated in 2H TaS 2 [START_REF] Wehhai Han | Surface superlattice in agintercalated TaS2[END_REF]. Last but not least, TiSe 2 intercalated with Cu atoms exhibit superconductivity at very low temperature [START_REF] Kogar | Observation of a charge density wave incommensuration near the superconducting dome in TiSe2[END_REF]. Alkali are efficient dopant elements since they are strong electron donors and their interaction with TMD has been widely studied especially for lithium species due to their promising application as an electrode in lithium batteries [START_REF] Yang | Metallic graphene-like VSe2 ultrathin nanosheets: Superior potassium-ion storage and their working mechanism[END_REF], [START_REF] Ci | Defective vse2 on graphene heterostructures enabling in situ electrocatalyst evolution for lithium-sulfur batteries[END_REF], [START_REF] Ming | Solution synthesis of VSe2 nanosheets and their alkali metal ion storage performance[END_REF]. Some STM studies on Na intercalated VSe 2 have been carried out [START_REF] Ekvall | Locally modified charge-density waves in na intercalated VSe2 studied by scanning tunneling microscopy and spectroscopy[END_REF]. Ekvall Here, we first investigate the electronic structure of bulk VSe 2 and its CDW properties as measured by STM. Then we provide a study of the interaction of alkali atoms with VSe 2 by comparing nearly all alkali species ( Li, Na, K, Rb, Cs ). First we describe the case of non intercalating species. Then, we investigate Na intercalated VSe 2 by combining STM experiments and ab initio calculation. We elucidate the electronic structure of the pristine material and the intercalated area. We show that Na intercalation induces a doping of the top VSe 2 layer and induces a transition from bulk CDW to a monolayer CDW. Therefore, we also introduce our VSe 2 monolayer data and bridge it with the NaVSe 2 data. In addition we observe an electronic state shifting anomalously upward in energy at the frontier between intercalated and non-intercalated area as detected by scanning tunneling spectroscopy, and we give the first attempt to understand its profound nature.

Pure VSe 2 study

Literature analysis

VSe 2 has been studied using STM since the late eighties. Its 4 × 4 CDW ( shown in Fig. 3.1.a) has been seen in STM for the first time by R.V.Coleman et al. [START_REF] Coleman | Scanning tunnelling microscopy of charge-density waves in transition metal chalcogenides[END_REF]. From the structural point of view, the step height ( 6.1 Å) and the in plane lattice parameter of the top Se layer ( ≈ 3.35Å) were measured. One decade later in [START_REF] Kim | A study of charge-density-waves associated with the periodic lattice distortion in 1t-vse2 using a low temperature scanning tunneling microscope[END_REF], the question of the nature of the atoms in the observed lattice using STM, has been raised. The answer isn't that obvious because electronically wise, the only electron probed by the tip in the STM working range are coming from the underlying V metal atoms, meaning that in principle, STM tip may only interact with V atoms in that bias range. However, a reasonable assumption is that the d electrons are flowing to the tip through the chalcogenide atoms at the surface. Besides Olin et al. claims that the maximum of Charge density wave is located at the center of a triangle of three surface atom, and is beside supposed to lie on the V atoms, cf. Fig. 3.1.b, thus reaching out the same conclusion. It is at about the same period when the first STS of VSe 2 was reported by R.V.Coleman et al. [START_REF] Wang | Spectroscopy of dichalcogenides and trichalcogenides using scanning tunneling microscopy[END_REF]. They measured a dip around Fermi energy with a measured gap of 40 meV at 4.2K, see Fig. 3.1.e. Later Holin et al., namely [START_REF] Ekvall | Scanning tunneling microscopy and spectroscopy of na intercalation in VSe 2[END_REF] and [START_REF] Ekvall | Locally modified charge-density waves in na intercalated VSe2 studied by scanning tunneling microscopy and spectroscopy[END_REF], reported as well a gap but with a width of 80 meV at 60K but recognize that this measurement might be due to the tip because they do not see it systematically. However they reported the first feature coherent with the literature coming after them [START_REF] Pásztor | Dimensional crossover of the charge density wave transition in thin exfoliated VSe sub2/sub[END_REF] [99]: The STS of VSe 2 has a peak centered below and crossing the Fermi level. They detected it at ≈ -80 mV at low temperature and identify that this peak stems from V 3d band as seen in Fig. 3.1.c. The first paper mentioning a second peak above the Fermi energy is [START_REF] Pásztor | Dimensional crossover of the charge density wave transition in thin exfoliated VSe sub2/sub[END_REF] showing a STS taken between -1V and 1V. Their study reveals no noticeable change in the STS with the thickness ( from 2nm to 50 nm ) and also with the temperature ( from 77 K to Room Temperature ). No changes in the CDW symmetry is ascertained by STM topography images in the measured temperature range, in contradiction to what have been reported in previous Raman spectroscopy CDW investigations [START_REF] Sugai | Investigation of the charge density waves in 1t-vse2 by raman scattering[END_REF], where an incommensurate CDW was found in 3.2 Pure VSe 2 Study the temperature range of 80 K to 120K. This paper for the first time, debates on the presence of a gap in the STS features and explain that if the gap exists, it is most likely screened by the V 3d features. This argument is beside explained by the partial gap measured in ARPES. They also develop an interesting method to determine transition temperature in STM but being out of the scope of the work presented here. A last paper [START_REF] Jolie | Charge density wave phase of VSe2 revisited[END_REF] up to date treated the STS spectroscopy of bulk VSe 2 and added more detailed features (Fig. 3 [START_REF] Kim | A study of charge-density-waves associated with the periodic lattice distortion in 1t-vse2 using a low temperature scanning tunneling microscope[END_REF] and (e) from [START_REF] Wang | Spectroscopy of dichalcogenides and trichalcogenides using scanning tunneling microscopy[END_REF].
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Results and discussions

The VSe 2 crystal was glued on an omicron sample plate and cleaved in the preparation chamber on a vacuum of about 10 -9 mB to prevent from any contamination as VSe 2 oxidize very quickly in air. Then it has been inserted on STM stage and cooled down. The surface of bulk VSe 2 around 4 K exhibits a superstructure with a periodicity of 1.2 nm that corresponds to the known 4 × 4 bulk CDW represented in Fig. 3.2.a. At first sight, even though the lattice displays several kinds of defects , they do not seem to have an influence on the CDW. We'll come back on that in the dedicated chapter. The dI/dV spectrum exhibits the three reported peaks ( shown in Fig. 3.2.b ), namely ,the shoulder at -0.6V, the peak below Fermi energy and the one lying in occupied states, but also a new higher energy feature not reported to the best of our knowledge. The first peak is also found around -0.6V but as it is a p-like feature we will not focus our discussion about it from now on. The second peak is centered around -60 mV has a tail that crosses the Fermi level, this is indicative of a band crossing the Fermi level leading to the metallic character of VSe 2 . The third one is located at +0.76 V. Lastly, we found a peak looking like a plateau around 2 V see Fig. 3.2.b. These value have been extracted from STS statistics ( see Fig. 3.2.d ) on similar areas of the crystal but with different tip apex calibration to prevent measurement from tip shape influence or from locally modified DOS due to specific areas. We used 200 different STS for the statistics. Our reading error is estimated to be within the range of 0.1V. Thenceforth one interesting things to compare in the statistical analysis are the relative width of the distribution curve for the two peaks. The lower energy one has a quite narrow distribution curve, and is very much more localized energetically. On the other hand the upper one has a quite broad distribution, about 0.2 V wide. This hint that the higher energy set of orbital is way more sensitive to its environment, such as slightly different tip shape or local defect doping. The peak crossing the Fermi level has been attributed to vanadium d states based on tight binding [START_REF] Jolie | Charge density wave phase of VSe2 revisited[END_REF] and various band structure calculations [START_REF] Ekvall | Locally modified charge-density waves in na intercalated VSe2 studied by scanning tunneling microscopy and spectroscopy[END_REF]. In small bias range, we do not see things such as a depletion at the Fermi level, standing for a CDW gap. Besides, these two peak energies around Fermi level are the one at which the charge ordering is most visible in conductance maps. [START_REF] Benavente | Intercalation chemistry of molybdenum disulfide[END_REF]. One notices that the two peak on each side of the Fermi level are almost purely made of the orbitals from t 2g and the 2 V plateau of the orbitals from the e g set. Beside we do not see the shoulder at -0.6 V as expected because it is supposed to have a p-like character and we do not include such orbital in our calculation. We further consider an orbital set with the d z2 along the z axis perpendicular to the TMD plane in order to better understand the interaction with the underlying intercalated sodium atom later on. The corresponding DOS is shown in Fig. 3 

CHAPTER III

Energy dependence of the CDW

We have tracked the energy dependence of the CDW in the conductance maps by achieving a current imaging tunneling spectroscopy (CITS) measurement at constant height on our sample. A slice corresponding to a dI/dV map at 40 mV is represented in Fig. 3.4.a. In Fig. 3.4.b we show a 2D map obtained from dI/dV spectra measured along a line. In order to visualize the corrugation as a function of the bias voltage, we have removed the average value of each horizontal line. As a consequence, the peaks of the spectroscopy do not appear but the corrugation can be better compared from one bias voltage to another. One can see clearly some particular bias at which the CDW contrast is more pronounced (the CDW corrugation along a line are more resolved at some bias). These are exactly the energy corresponding to the two electronic bands, just below Fermi energy and at about 0.7 V. This is indicative that the CDW is hold by 3d orbitals mostly. At other energies, the contrast is much weaker. This
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dependence of the corrugation is also shown on selected linescans in Fig. 3.4.c.Beside this, one may notice that the contrast in the 0.7 V region undergoes a phase shift that reveal an energy split of the corresponding peak. The maximum of one line ( shown by white arrows ) are aligned with the minima of the other. When taking some STS over the surface we distinguished a different feature according to the tip location. Indeed the peak located right above the Fermi level at 0.75 V has a shift following the CDW, that is at the darkest regions of the CDW ( the reference is taken for the CDW as it appears at the first peak energy ), the peak has a shift toward higher energy as compared with the peak for STS taken on the bright regions. This is seen in the statistics Fig. 3.2.d ( the second peak statistics exhibits a normal distribution with a shoulder ) and also in the figure below Fig. 3.4.d. However this is not happening for the 2V plateau as well as for the peak at -60mV, this is the reason why we take it as a reference to describe the CDW. The blue dots on the CITS slices are immobile with respect to the picture frame. In the two first CITS slices, corresponding to the -60 mV peak and the STS taken at maximum CDW, the CDW maxima are the same, corresponding to the blue dot position. On the other hand, the blue dots in the CITS slice taken on a minimum of the CDW, are now almost on the minima of the CDW. This correspond to a change of phase in the CDW of about 180 o . One possible reason could be that the VSe 2 lattice is distorted due to the CDW. It would thus create a kind of Jahn Teller distortion ( JTD ) which is basically an elongation or a contraction of the octahedral environment leading to a partial lift of degeneracy in the energy level. To fit the experimental and numerical data for 1T phase like orbital, the distortion should only act on the xz orbital or on the yz orbital, which are the orbitals split at this energy ( see Fig. 3.3.a, each of these two orbitals have its maximum at quite different energy, whereas the remaining one of the triplet has two maxima ) so that the peak above Fermi energy get shifted correctly. It can't be both of them, just as in a regular JTD otherwise the peak at -0.06 V would also shift, which is not the case. Thus the xz orbital must be stabilized ( or yz destabilized ) at bright area and vice -versa at dark area in order to fit the experimentally observed shift. Another possibility already mentionned in some paper [START_REF] Spera | Insight into the charge density wave gap from contrast inversion in topographic STM images[END_REF], would be that the actual gap of the CDW is located in between the two peaks. And thus a contrast inversion is taking place on both side of the gap, which corresponds to the In this section, we will describe the deposition of four alkali, namely Lithium (Li), Potassium (K), Rubidium (Rb) and Cesium (Cs), showing an identical behaviour on VSe 2 . On the other hand, as mentionned before, the Sodium has a different effect and will be explained in a separated section below. Previously, the effect of some alkali deposition on TMDs have been studied, see for instance [START_REF] Lee | Honeycomb-lattice mott insulator on tantalum disulphide[END_REF] where a honeycomb lattice made of adsorbed K atoms on the surface of a 1T-TaS 2 interacts with the TMD d orbitals and so its CDW, forming a topological supercell. In the same vein, the deposition of alkali atom on 1T-VSe 2 may give birth to some interplay between the adsorbate and the CDW states

Results and discussions

In all cases, the bulk VSe 2 is first cleaved in air, and then cleaved again in vacuum. After checking the pristine surface state, we expose the sample to pure vapor of the aforementioned alkali for various time at room temperature. During the operation, the pressure in the preparation chamber raises on average to P≈1.10 -8 mbar. The annealing step before bringing the sample on the STM stage for cooling at 4K, does not give significant effect, so we usually do not anneal after doping. With a pretty long time of exposure to vapor, we get a fully covered surface as shown in Fig. 3.5.a. We see first on this STM image that the adatoms arrange in a periodic hexagonal lattice, covering the VSe 2 surface, with at some point a hole in the pattern. Beside that, we notice some big features few nanometer large cluster like, and it is not clear whether they are composed of contaminants, or a cluster of deposited alkali. Also on some area, some atoms are closer than on the hexagonal lattice and are forming line like grain boundary. A zoom on the image (plot in Fig. 3.5.c), shows that overall the parameter of the super lattice is about 1.3nm when averaged in different domains on a line of atoms as the red one shown there. On Fig. 3.5.d, we can count approximately 16 adatoms for 21 nm along the line in the hexagonal superlattice direction, which is a lattice parameter of 1.3125 nm. This parameter corresponds exactly the periodicity of the VSe 2 4 × 4 CDW ( a V Se2 ≈ 0.33 nm , so a CDW = 4 a V Se2 ≈ 1.33 nm ). The fact that these alkali adatoms get such an arrangement suggests that their distribution on the surface is not only governed by the simple electrostatic distribution but also by their interaction with the underlying CDW. To confirm this, we deposited a fewer amount of alkali so that one may see at the same time some adatoms and the VSe 2 CDW. This is done for instance in Fig. 3.5.b. In this picture, the density of adatom is lower, and after superimposing a mesh ( in blue ) matching the CDW periodicity below, we can see that alkali never site on a node of the mesh, which corresponds to the CDW maxima. That is to say that, the CDW maxima are unstable equilibrium position, which is rather not surprising since alkali are basically electron donor and would therefore rather seek electron depleted area such as CDW minima. Besides, we can also notice that these species are still sensitive to the CHAPTER III PROPERTIES OF NA INTERCALATED VSE2 3.3 Deposition of four alkali species (Li, K, Rb and Cs) on bulk VSe 2 tip electric field and move under it. The three figure Fig. 3.5.d-f show such slight movement of the alkali atoms in several consecutive images. Thus we are getting here puzzling information. First the alkali adatoms arrange in a hexagonal superlattice with a periodicity corresponding to the CDW, which show an interaction between them and the CDW. However at low density, we do not observe they have organized in such pattern, meaning that they position themselves regardless of the CDW. The coupling with the underlying CDW might then depends on their coverage. Further STM experiments would help to shed light on this question. Last, STS spectra taken on these adatoms do not show significant differences when compared to the bulk one. The peak are at the same position and with the same features. This does not bring much information then. Since, the behavior appears to be the same regardless on the used alkali among the four previously cited, this also implies that the apparent size of the adatom ( being larger from top to down in the alkali column ) is not the critical factor for their behavior. Simulations remain to be done to help explaining what makes the difference between the Na intercalation and other alkali superstructures. 

Previous studies

The intercalation of Na in bulk VSe 2 for STM study purpose has been reported previously by Pr.Wählstrom and Pr.Olin. However, it is interesting to revisit this topic in light of the more recent observation of VSe 2 monolayer. The first study in December 1996 [START_REF] Brauer | Na intercalation of vse2 studied by photoemission and scanning tunneling microscopy[END_REF] combined STM at 60 K with photo emission studies. They work on a air cleaved VSe 2 , sample and later annealed in vacuum. STM results reveal that, after evaporating less than a monolayer of Na at room temperature, some bright area are forming at the surface being the Na island. They try to characterize its ( apparent ) height being 1.3 Å claiming an expansion of the lattice, but one may remain dubious since the two area of different nature have different electronic effects under the tip, screening thus the "real" height which remains unknown. The holes in the Na doped area is also attributed to a lack of Na in the VdW gap. However they do not report any CDW change on these structures. XPS not only allows to reach the intercalated amount of Na, but also gives an early proof that a charge transfer is happening between the Na and the lattice. The second paper reported in 1997 [START_REF] Ekvall | Scanning tunneling microscopy and spectroscopy of na intercalation in VSe 2[END_REF] some STS analysis. They are then the first to report a shift ( at 60K as well as room temperature ) toward lower energy of the peak located below Fermi Energy in the bright area STS compared to pure VSe 2 STS. The last article is published few time later in 1998 [START_REF] Ekvall | Locally modified charge-density waves in na intercalated VSe2 studied by scanning tunneling microscopy and spectroscopy[END_REF] and aims to give more explanation about both the observed structures in STM and measured STS. They first report a new CDW on the intercalated area, and describe a correct orientation of the CDW (indeed rotated from crystal axis of about 20 o ) but with somehow distortion on the announced length (1.3 × 1.3 R45 o ) as shown in Fig. 3.6.b, thus calling it non-hexagonal pattern and attributing extra spots to "Na lattice". Based on that, they proposed a possible organisation of Na under the first layer presented in Fig. 3.6.a, and did an interesting temperature dependence study of the CDW, showing that non intercalated part and intercalated one have the same transition temperature, within the uncertainty of the STM measurement. Beside the already reported shift of the 3d V peak below E F ( precisely given here at -150mV ), their STS data also allow them to measure a gap of ∆ ≈ 230mV in the intercalated area, see Fig. 3.6.c. Overall as for pure 1T VSe 2 bulk gap, we still remain quite wary about such measurements for several reasons. Indeed, there are big inconsistency in the literature about these pseudo gap, and it seems to us that this is because, it is hard to really estimate in STM such feature, so that everyone has his own measurement with huge error margin. This leads to very dispersed 

Results and discussions

In order to investigate the effect of alkali intercalation on the vanadium dz 2 band and on the electronic properties of VSe 2 , we have deposited Na atoms on the VSe 2 surface at room temperature. This procedure leads to the formation of bright islands on the sample, as it can be seen in Figure 3.7a. The atomic resolution images on top and out of the island reveal the atomic lattice of VSe 2 as it is shown from the images and their Fourier Transform (Fig. 3.7.b and 3.7.c). This is indicative that the islands correspond to intercalated Na, in full agreement with previous reports [START_REF] Ekvall | Locally modified charge-density waves in na intercalated VSe2 studied by scanning tunneling microscopy and spectroscopy[END_REF].In addition to the atomic resolution, that corresponds to the Se atoms, the STM image reveals a superstructure presenting a 4×4 periodicity with respect to the atomic lattice (Fig. ( hence the square organized dots on the STM FFT images seen by [START_REF] Ekvall | Locally modified charge-density waves in na intercalated VSe2 studied by scanning tunneling microscopy and spectroscopy[END_REF]). This period also corresponds to the CDW of a VSe 2 monolayer grown on a bilayer graphene on SiC, that has been reported recently [START_REF] Chen | Unique gap structure and symmetry of the charge density wave in single-layer vse2[END_REF]. Therefore, the intercalation of Na layer induces a similar transition of the CDW pattern from the bulk state to the monolayer state. STS study of the Na island reveals some finer details (Fig. 3.8a-b). Firstly, on the intercalated VSe 2 area, the peak above Fermi level shifts upward to about 0.835 V. But more interestingly, the peak around the Fermi level shifts below the Fermi level down to -160 mV , exhibiting a sharp edge at the Fermi level. This feature indicates a full filling of the d z 2 band. In the Na intercalated case, the DOS near Fermi level is shifted down, which is indicative of a n doping due to charge transfer between Na and VSe 2 . This charge transfer has been evaluated considering the Löwdin charges calculated with Fireball, yielding about 0.2 electrons transferred from a Na atom to a VSe 2 unit cell using the structure shown in Fig3.8.c . Therefore our data show that the Na atoms are indeed inducing a noticeable N doping in bulk VSe 2 top layer, resulting in the shift of VSe 2 STS peak. 

1T VSe 2 monolayer study

The VSe 2 monolayer has been fabricated with good quality for the first time by different groups on HOPG only few years ago using MBE growth [START_REF] Liu | Epitaxially grown monolayer VSe 2 : an air-stable magnetic two-dimensional material with low work function at edges[END_REF] [89] [START_REF] Chen | Unique gap structure and symmetry of the charge density wave in single-layer vse2[END_REF] ( see also the methods chapter) however the growing technique is rather similar to other TMDs. In references [START_REF] Liu | Epitaxially grown monolayer VSe 2 : an air-stable magnetic two-dimensional material with low work function at edges[END_REF] and [START_REF] Bonilla | Strong room-temperature ferromagnetism in VSe2 monolayers on van der waals substrates[END_REF] report a STS gap of respectively about 20mV and 55 mV and show a new CDW periodicity without being able to identify it. The author of [START_REF] Chen | Unique gap structure and symmetry of the charge density wave in single-layer vse2[END_REF] names it for the first time as a √ 3 × √ 7 CDW periodicity ( represented in Fig. 3.9.b ). 2 × √ 3 periodicity is also pretty commonly observed on the VSe 2 monolayer. Later Madhavan et al. [START_REF] Chen | Correlating structural, electronic, and magnetic properties of epitaxial vse2 thin films[END_REF] enhanced that periodicity by modifying the growth parameters and substrate ( Beside, the CDW in bilayer VSe 2 is also reported at 4 × 4 ). A pseudo gap of 52 mV ( shown in Fig. 3.9.c) has also been reported in [START_REF] Chen | Correlating structural, electronic, and magnetic properties of epitaxial vse2 thin films[END_REF]. They claim that the different periodicities observed are due to the competition between frozen phonons to drive the CDW state as seen in Fig. 3.9.a. Overall, the discussion in literature are dealing with the surprising new periodicity of the VSe 2 monolayer CDW and its link with the Fermi Surface Nesting, but the STS has not been much discussed. Of course as seen in the Fig. 3.9.c below, the two V 3d peak are still there but shifted. In the following, we describe our results on monolayer VSe 2 .

√7

√3 a c b Our sample is a 1.2 ML VSe 2 on bilayer graphene on 6H-SIC(0001). It has been grown in Dr.Pai lab in CCMS in National Taiwan University in Taiwan by the molecular beam epitaxy (MBE) method. The MBE setup with a base pressure of 2 × 10 -9 Torr is home built in situ to LT-STM. The bilayer graphene was fabricated on Si-side of a n-type 6H-SiC(0001) wafer by quenched annealed method in UHV. The Vanadium and selenium flux were generated from Omicron e-beam evaporator and Knusden cell respectively. During growth the substrate temperature was maintained at about 230 o C and the vanadium to selenium flux ratio was set to ≈ 1:10. The monolayer film coverage was controlled by the deposition time while keeping the same deposition rate. For the liquid He 4K temperature studies, the sample was capped by selenium vapor and uncapped in the STM preparation's chamber. The sample coverage is about 0.6 ML, corresponding to the bright area seen in Fig. 3.10.a. The black area corresponds to the underlying bilayer graphene. The growth of a monolayer is done around a nucleation center forming hexagonal shaped domain. When two domain touch during the growth they form a grain boundary. Our atomic resolution image of VSe 2 monolayer CDW shown in Fig. 3.10.b, allows us to calculate the three in plane CDW periodicity of the monolayer ( which is a priori redundant and two of them in theory suffice, since a relation is linking the three CDW periodicity ). Thus, if we call a the VSe 2 lattice parameter, it has a periodicity of 2.01a×2.79a×1.74a which corresponds to the reported

√ 3 × √ 7 periodicity ( exactly 1.16 √ 3 × 1.06 × √ 7 × 1.01 √ 3 
). One may explain the variation with respect to the ideal periodicity with thermal drift or even lattice distortion due to the strain induced by the mismatch between the monolayer and the substrate. This is partly corroborated by the lattice parameters measured in three directions at respectively 3.27 Å, 3.30 Åand 3.38
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3.4 Na doped VSe 2 study Å, which are quite in good agreements with the 3.33 Åexpected. Such weak variations ( less than 5%) is also in the range of STM measurement incertitude. The VSe 2 monolayer STS is shown in Fig. 3.10.c. The feature at -0.23 V is the V 3d peak and is considerably shifted down as compared to the bulk. Moreover one may see that as for the case of the Na intercalated island the density of state at Fermi energy is very weak. This might be explain by the interactions of the top VSe 2 layer with bulk VSe 2 and with graphene isn't supposed to be the same. Both interactions involve Van Der Waals kind of bond but with different intensity. This might be intermediate by a kind of "inner charge transfer" as suggested in [START_REF] Hwan | Analogies between the concepts of molecular chemistry and solid-state physics concerning structural instabilities. electronic origin of the structural modulations in layered transition metal dichalcogenides[END_REF] inside the VSe 2 cell from Se atoms to V atoms stabilizing the whole system and thus having a similar effect as of n doping, triggering the observed shift in the STS. However, one may also consider that the above mentionned effect is too weak to be significantly observed and give another interpretation as implicitly suggested in [START_REF] Jolie | Charge density wave phase of VSe2 revisited[END_REF]. The peak is actually here in its entirety as in bulk VSe 2 but a pseudo gap opening in the DOS actually split this peak in two part. Thus, the shoulder at 0.3V might be the second part of this peak. The observed shift is then due to the overlap between the peak DOS and the gap during the integration on Fermi Surface. Besides the peak above Fermi level has also shifted but in the opposite direction standing now at 1.16 V. This is another similarity with the top layer Na intercalated VSe 2 STS . Since the observation of the CDW modification suggests that the intercalated VSe 2 behaves like a monolayer, we have compared the spectroscopy of intercalated VSe 2 with the aforementioned monolayer of VSe 2 . The dI/dV spectrum of the VSe 2 monolayer is shown in Fig. 3.11.a along with the previous pristine VSe 2 STS for comparison. As expected, the spectroscopy around the Fermi level of the monolayer shows the same feature as the Na intercalated VSe 2 ,i.e. a peak fully located in the occupied state region with a sharp cutoff edge at the Fermi level. This similarity confirms, as expected, that the intercalated VSe 2 behaves like a monolayer. In
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3.4 Na doped VSe 2 study order to gain more insight into this system, we have performed DFT calculations on the VSe 2 monolayer and on the Na intercalated 3 layers VSe 2 . We then calculated the corresponding DOS to compare them to the one of the pristine 3 layers VSe 2 previously calculated. The structure of the intercalated system is shown in Figure 3.8.c and its corresponding projected DOS in Figure 3.11.b. In all the cases, the DOS presents the same general features, namely a peak crossing the Fermi level, a broad peak located around 1 eV and a peak above 2 eV.

In particular, the peak crossing the Fermi level has the same single peak structure in VSe 2 monolayer and VSe 2 3ML+Na, while this peak is split for the VSe 2 3ML due to the lift of degeneracy. On the other hand, the peak above Fermi energy exhibit an opposite behavior in experimental STS and is shifted up as the coupling with bulk is suppressed ( 0.76 V in the bulk VSe 2 , 0.835 V on Na intercalated VSe 2 and 1.16 V in monolayer VSe 2 ). This trend suggests that the orbital set composing this peak, is apparently destabilized with the reduction of the interlayer interactions. More specifically, the suppression of such interactions might get the ligand orbital in closer interaction with these d orbitals raising their energy. This might be a possible explanation but such behavior isn't present in the DOS calculations. Indeed, the monolayer VSe 2 DOS and the bulk VSe 2 DOS are about at the same level at this energy and the NaVSe 2 DOS is shifted downward as expected by n doping effect from Na intercalant. The interplay between electrons from d band and p band may be more saddle than expected a priori . Overall, Na intercalation appears to decouple the VSe 2 layers and to n-type dope the VSe 2 top layer. As a consequence, the doping shifts the d z 2 down to the negative energies, below the Fermi level, and the decoupling effect is to turn the CDW from the bulk 4 × 4 to the monolayer √ 3 × √ 7 pattern. Whatever be the effect of interlayer decoupling on the d z 2 orbital, defined as it is, it has an important effect on the Fermi Surface. Indeed, we projected the DOS of Fermi Surface on the d z 2 orbitals ( see Fig. 3.11.c ) and it forms very nestable arcs at Fermi level. The ellipsoid pockets surrounding the M points allow a single k vector to link many zero energy states together, establishing a solid framework for FSN ( cf. Chapter I section 1 ). Regarding the experimental data, this seems a reasonable assumption that the nesting vector is indeed the one giving rise to the 4 × 4 CDW in VSe 2 , even though one would require some phonon band calculation to firmly assert it. In the end, by doping this orbital, one will trigger changes in the Nesting conditions, and eventually let a new CDW periodicity emerge, being the √ 3 × √ 7 pattern in case of monolayer VSe 2 on bilayer graphene on SIC and Na intercalated bulk VSe 2 . A next step would be to test the limit of such mechanism, and allow different nesting of the Fermi surface, triggering new CDW patterns. One track to follow might be to change substrate to grow monolayer VSe 2 , which is what have seemingly been achieved by [START_REF] Zhang | Strain engineering a 4ax √ 3a charge-density-wave phase in transition-metal dichalcogenide VSe2[END_REF] 

Edge States

Interestingly, at the edge of the Na island, we observe a very unexpected feature, consisting in a shift of the peak crossing the Fermi level that moves to higher energy and is pined near to the Fermi level as can be seen in Fig. 3.12.a. The edge feature stands as a very sharp peak at Fermi level. It is not fully clear whether it is a different peak from the V 3d peak or the same peak but shifted to Fermi energy in the STS. To precisely identify the evolution of the peak across the junction, a series of spectra has been taken across an island and is shown in
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4 Na doped VSe 2 study Fig. 3.12.b-c. Two bright spots can be seen at x ≈ 8nm and x ≈ 17nm corresponding to peaks located at the Fermi level and correspond to the edge states. A second feature is that while the d z 2 peak position is less shifted as it moves toward the island boundary from the island internal region, a noticeable enhancement of the d z 2 peak intensity is observed ( pointed by the two arrows in fig. 3.12.c at x ≈ 8 nm and x ≈ 17 nm) when the d z 2 peak position is at exactly the Fermi energy. Outside of these two points, the peak has the regular and constant position for undoped area around -0.06 eV. The fact that the peak at the island edge does not follow the expected trend of a monotonous shift from undoped to n-doped, but rather shift in the opposite direction suggests that a specific effect occurs at the edge of the Na island.

To obtain detailed distribution of the peak positions from a statistical analysis, in addition to the informative Fig. 3.12.c, a histogram is shown in fig3. [START_REF] Tang | Growth of polypyrrole ultrathin films on MoS2 monolayers as high-performance supercapacitor electrodes[END_REF]. In this plot, the histograms of peaks at ≈ 0 V and 0.8-1.0 V are assembled for four cases: (1) on no-Na bulk VSe 2 ;

(2) on Na-intercalated area; (3) on the frontier edge of N-intercalated area; (4) on pristine monolayer VSe 2 . The histogram reveals two interesting facts. First, ( 2) and ( 4) consist one set showing the statistical effect of Na intercalation is to downward shift (n-dope) the monolayer VSe 2 DOS. Second, ( 1) and ( 3) consist another set showing at the "edge" the DOS peak position histogram is upward shift (p-doped) with respect to the undoped VSe2 bulk. From the similarity of histograms of cases ( 1) and ( 3), we argue the case (3) histogram represents the frontier region of the undoped VSe 2 bulk near the Na islands. Together with the concave shift profile of the d z 2 peak position inside the Na island region, a specific effect near the edge of the Na island is suggested. Also, Fig. 3.12.e shows a conductance map very close to Fermi Energy of a region shown in Fig. 3.12.d. The upper right part is the unintercalated area, and the rest a Na intercalated island. The conductance is lower on the island than on the non-intercalated VSe 2 reflecting the downshift of the peak on the intercalated part which induces a lowering of the dI/dV signal at the Fermi level. However, bright lines along the edge reflect the Fermi level edge state that appears at the boundary between the pristine and the Na intercalated parts. To track down any particular effect at the junction between the two areas, the Na island intercalated between two VSe 2 layer has also been simulated in DFT by considering a bilayer 50×2 unit cell in the xy plane, with a monolayer 51×2 unit cell on top. Between this top layer and the bilayer, a partial layer of Na atoms has been intercalated. This configuration has been chosen in order to allow the top layer to have the flexibility to relax over the Na island. This configuration has been optimized and the result is represented in Figure 3.12.f .Such a bigger cell gives access to finer details about the junctions between these two zone. First, from this calculation, we have determined the charge transfer from each Na atom to each VSe 2 unit cell in the top layer, which allows to follow the profile evolution of this charge transfer along the Na island and the pristine VSe 2 . This evolution along the junction is represented in Figure 3.12.g. As a result, the Na intercalated part exhibits an excess of charge with respect to the rest of the cell, bearing out the charge transfer from the Na atoms to the top layer. This is in good agreement with the previously discussed experimental observation that indicate a n-doping of the top VSe 2 layer. Also, we can observe that, as expected, the charge transfer comes back to zero when leaving the Na island to the pristine VSe 2 along the junction profile.

As such, we recover the standard behavior in the bulk pristine VSe 2 . Nevertheless, DOS at the interface never revealed some particularly high intensity at the interface indicating the presence of an edge state, nor any charge accumulation at this particular spot. Even if the big cell was a bit unstable and distorted itself, we did not observe any special Na induced strain on the edge of the island. Thus the cause of such an edge state are more subtle than expected, and in the last paragraph, we give a piece of explanation about its possible origins. of Grimme (vdW-D3) was used [START_REF] Grimme | A consistent and accurate iab initio/i parametrization of density functional dispersion correction (DFTd) for the 94 elements h-pu[END_REF] to describe the weak dispersion forces. The energy and force converged criterion are set to 105 eV and 0.01 eV/Å, respectively. For the potential distribution plots, the ionic and Hartree potentials were included and the exchange-correlation potential was excluded since it decays rather slowly in the vacuum region.

The model is shown in Fig. 3.14.a, and has smaller unit cell (20×1) in the xy plane, and 7 Na atoms per unit cell. In contrast to Fig. 3.12.g which shows the total charge transfer to the top VSe2 layer, it examines closer the distribution of potential change before and after Na intercalation inside the VSe2 layer. In Fig. 3.14.b, the cyan and yellow color denotes regions nearer positive and negative transferred charge, respectively. One can observe that each atom in the top VSe2 layer is polarized by the Na cations and the shape around each atom is like a dipole potential distribution, except the Na atoms forming a positive charge cloud. Interestingly, the atomic dipole potential axis ( marked with arrows ) gradually tilt from the out-of-plane direction toward the in-plane direction as they move outward and across the Na island edge. Therefore, an in-plane component of the electric field appears at the edge of the island. This in-plane electric field might then induces a shift of the d z 2 state due to an Internal Stark Effect ( ISE ), that occurs only at the edge. For instance, the order of magnitude for the regular Stark effect in MoS 2 induced by external electric field is of few meV shift for an applied electric field of 10 kV per nanometer [START_REF] Scharf | Excitonic stark effect in MoS2 monolayers[END_REF] . In our case, such a value seems unrealistic, however in some systems, embedded charges regulate the electronics properties [START_REF] Vasilev | Internal stark effect of singlemolecule fluorescence[END_REF]. Thus, provided that the in plan component of the electric field drives the ISE on the d z 2 , its maxima being reached at the edge of the island, this would be the cause of its anomalous upshift we first saw. To go further, a recently published paper [START_REF] Huang | Topological phase and quantum anomalous hall effect in ferromagnetic transition-metal dichalcogenides monolayer 1t-VSe2[END_REF], suggested that quantum anomalous Hall effect occurs strongly in monolayer 1T VSe 2 . A Weyl point at M point in occupied states shows a band inversion through Spin Orbit Coupling. This allows a topologically protected edge state to arise at the layer boundary. We can't exclude totally the possibility that we do see such an edge state in our case, being given that the top VSe 2 layer on Na island share some electronic properties with the monolayer VSe 2 , one may therefore assume that such a mechanism may also be shared. This does not necessarily opposes the model developed in the previous paragraph, this might be a complementary way to explain this peculiar DOS at the edge. Beside the computational tools they use are special one, tweaked for topological effect, this may explain the absence of any edge state in our DFT calculations. However, such a topic also requires very refined physics and related experiments and remains for now beyond our reach.
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Conclusion

To summarize this whole chapter, we presented here a STM study of VSe 2 and also the systems resulting from the interaction of VSe 2 and alkali species. First, we identified the STS of VSe 2 in the light of DFT calculation realised by Y.Dappe group. We also gave a piece of analysis of the 4 × 4 CDW behavior in this compound. On one hand, when deposited onto the bulk VSe 2 surface Lithium, Potassium, Rubidium and Cesium, are forming a superlattice matching the periodicity of the CDW. In this state, the alkali adatoms are rather unlikely to influence the CDW groundstate. On the other hand, when Sodium atoms are evaporated onto the sample, it forms then a more complex structure. The N atoms intercalate in the Van Der Waals gap, thus forming intercalated area. These area have a different STS and another CDW periodicity √ 3 × √ 7, which is common with the monolayer VSe 2 . DFT calculations further confirm that the top layer in intercalated area are in a groundstate similar to the one of the monolayer due to both charge transfer and decoupling with the bulk, triggering the CDW periodicity changes. Besides, an anomalous doping behaviour has been spotted at the border of the Na island, suggesting a peculiar effect of the Na atoms there. We a priori attributed it to an electrostatic gating effect resulting from the doping by Na atoms, consequently shifting anomaly the V d orbitals DOS. Such a study is of great importance for the understanding of both the physics behind the CDW mechanism in VSe 2 and more generally in 2D materials, and also the interplay of VSe 2 with alkali atoms, as well as for nanostructure stability as for unexpected doping behaviour of such species.

Chapter 4 N Plasma doping of two TMD

Introduction

Nitrogen is a very widely used element to dope materials. The best known example of its use is on graphene to realize n doping. Experimentally wise, many techniques may allow to do such doping, like hydrothermal method, N 2 H 4 treatment, pyrolysis etc.. [START_REF] Xu | Nitrogen-doped graphene: Synthesis, characterizations and energy applications[END_REF]. Here, we will use the plasma treatment method to achieve our doping. Plasma treatment allows to create activated species that can react with material surfaces. For instance the application of that process to graphene mainly leads to the substitution of nitrogen atoms as shown in Fig. 4.1.a and c. Being one column after the carbon element, the nitrogen will induce n doping of the graphene, and shift down the Dirac cone. Beside, some defect states have also been reported in the STS spectra [START_REF] Joucken | Electronic properties of chemically doped graphene[END_REF][START_REF] Tison | Electronic interaction between nitrogen atoms in doped graphene[END_REF][START_REF] Joucken | Localized state and charge transfer in nitrogen-doped graphene[END_REF], eventually opening a new inelastic channel, and removing the phonon feature in the STS ( cf Fig. 4.1.b ). Thus nitrogen has some noticeable effect on the graphene electronic properties and one expect to see such interesting changes when applied to TMD. This sort of systems however have been quite rarely studied, except sporadically on common compounds, as WS 2 , WSe 2 and MoS 2 . In TMD, N is supposed to be able to substitute a chalcogenide atom of the top ( or even bottom ) layer due to its proximity in the periodic table, cf Fig. 4.1.c and d. Beside this, depending on the conditions, the plasma treatment can lead to the formation of some vacancies, on the metal site or on the chalcogen site [START_REF] González | Theoretical approach to point defects in a single transition metal dichalcogenide monolayer: conductance and force calculations in mos2[END_REF]. Also the N element is located one column below the chalcogenide family, thus being the pure element inducing the strongest p-type doping for the TMD [START_REF] Loh | Substitutional doping in 2d transition metal dichalcogenides[END_REF]. Further charge transfer mechanism involving the metal may also take place to balance the total electronic structure. In the same manner as for graphene, defect states may also occur, locally changing the density of states of the materials. In this chapter we study two TMD having different electronics properties. First, VSe 2 bulk showing CDW metallic groundstate as explored in the previous chapter. N plasma induced defects have the potential to disturb the CDW groundstate, at least locally as seen in TiSe 2 for instance [START_REF] Spera | Insight into the charge density wave gap from contrast inversion in topographic STM images[END_REF]. Second, we investigate the bulk MoS 2 , which is a semiconductor, with intrinsic doping as described in the chapter I. Besides, creating defect states into a semiconductor gap, ( so called deep state ) allows to create and 

Interplay between VSe 2 defect and N

As a metallic compound, VSe 2 is rather insensitive to the doping that N may induce, because of the electronic reservoir. However, defects can change the electronic structure at the local scale which may or not interact with the CDW. On one hand, we saw in the last chapter that CHAPTER IV N PLASMA DOPING OF TWO TMD 4.2 Interplay between VSe 2 and N a modification of the DOS at the Fermi level has direct consequence on the CDW groundstate and periodicity. One question arises then about the possibility for a N induced defect state near Fermi energy to drive a change of the CDW. On the other hand, the aforementioned case of TiSe 2 is intriguing [START_REF] Spera | Insight into the charge density wave gap from contrast inversion in topographic STM images[END_REF]. Indeed, there, the defect states do not have an energy close to the Fermi level, thus they are not supposed to have any influence on nested portions, and on the nesting vectors but they still shift the CDW energy in the surrounding of defects. In any case, our expectations toward this experiment are clear, and a detailed study of defects using STM, will allow us to draw further conclusion regarding the CDW in bulk VSe 2 .

Preparation of N doped VSe 2

For the experimental process, the bulk VSe 2 is cleaved a first time in air and then transfered to the preparation chamber and cleaved one more time in vacuum. The N plasma is first brought to a power of 180W and 7.10 -4 mBar. When the plasma is created, its power is then lowered to 100 W. A deflection of 1 kV is applied to remove all ionic species possibly formed in the plasma, and keep only N radical species. We then expose the cleaved surface to the N plasma for 20 seconds, at a distance of about 30 cm. STM images at 4K of the sample surface after this treatment are shown in Fig. 4.2 a -d.

Overall the 4 × 4 CDW is still present but many defects can be seen. The defects can be classified in three main types depending on their voltage-dependent contrast. The first type appears high and bright at any bias, and is very mobile and noisy under the tip. The fact that these defects can move easily indicates that they correspond to adatoms and not substitutional species. The second type is pretty flat, exhibits a clear three fold symmetry and appears dark at negative bias and bright at positive bias. The pattern eventually shows some differences from one to another. The third type appears with a bright round shape at negative bias and a dark center surrounded by bright lobes at positive bias. These defects are summarized in Fig. 4.2.e. Other features have also been observed but more rarely and not systematically enough to be exhaustively studied and may arise from more complex structures or impurities deposited during the plasma exposure. 

Type I defect -adsorbate species

As mentioned before, this defect can be identified as an adatom, eventually nitrogen. It is quite easy to spot on the VSe 2 surface as it is pretty big compared to other defect, an image is showed in Fig. 4.3.a. Its bright crown has a diameter of about 1 nm wide (see Fig. 4.3.b), and it keeps about the same topographic appearance whatever the bias. It appears also noisy on its outer side, but its center position is stable with respect to tunneling current and never get picked up by the tip. This indicates a pretty strong absorption on the VSe 2 surface. The STS data have only an acceptable level of noise when taken on the center of the defect. On one hand, the peak crossing the Fermi level does not show any significant shift. On the other hand, on the defect, we observe a prominent feature at 1.1V, new in comparison of the STS taken on the pristine area ( see Fig. 4.3.c ). At the same time a light shoulder is seen at about 0.7V, the energy at which the pristine VSe 2 peak is expected. It seems more likely then that the new feature at 1.1V is an electronic state from the adatom and might confirm whether it is a N adatoms with proper DFT calculations. It is yet to be taken cautiously, because, as seen in the previous chapter, this peak of VSe 2 has a pretty complex nature, tightly bound with the CDW, and also pretty susceptible to electronic environment changes. Beside, one also has CHAPTER IV N PLASMA DOPING OF TWO TMD 4.2 Interplay between VSe 2 and N to recall that the feature of VSe 2 has lower intensity because the tip is vertically retracted when it is above the nitrogen. Furthermore, when scanning on this defect, it appears noisy because it moves during the scanning. However, using faster scanning speed, it is possible to fully visualize the defect at a fixed position. A series of images shows that it moves between 3 specific positions as shown in Fig. 4.3.e-g. The three positions are marked by blue, red and green dots. The red-blue, red-green and blue-green distance are respectively 0.183 nm, 0.189 nm and 0.134 nm. Even though we are unable to position with certitude the N adatom with respect to the atomic lattice beneath because of its topography hiding the surrounding area, these values correspond to half the lattice parameter of VSe 2 ( 0.167 nm = 3.33 nm/2 ) and indicate that the N adatom is apparently on bridge position, i.e. siting half way between two Selenium top layer atom ( see the red cross on Fig. 4.3.d ). Upon an excitation from the tip during the scan, it can jump from one of these positions to another, creating noise in the tunneling current.

To investigate further the nature of these transitions and their relative stability, one may measure the tunneling current intensity as a function of the time. If we do so, we observe a telegraph like signal with three levels corresponding to the three positions of the N adatoms.

A program in Scilab language allows then to fit and decompose the signal in three level ( see Fig. 4.3.h), and lastly delivers, the duration, the current intensity, the number of switches, and the yield for each level. The yield represents the number of switches per electron given by η α = 1.6 × 10 -7 I α T α where I α is the tunneling current intensity associated with the level α, and T α the total duration of the level in the signal. Three parameters matter, namely the tip position, the bias and the current set point. To work properly we choose first a tip position and always acquire at this point for the rest of the measurement. This allows to properly define the down, middle and up current level. In practice, the lower the current the further the impurities stands from the tip. Then, we fix either the bias or the current set point and study the other one dependence. First, the higher the current is the higher the number of switches gets. In order to look at the process independently from the value of the current, we measured the yield as a function of the current ( in Fig. 4.3.i ). The yield appears to be nearly constant, indicating a one electron process. If many electrons at the same time were involved, the yield would increase with the set point current. The yield for the three level with respect to the bias is shown in Fig. 4.3.j. For all three levels, the curve shows a pretty similar shape with at threshold at +0.5V and -0.5V. The fact that the threshold is symmetric with respect to the Fermi level is indicative of an inelastic behaviour for the switch mechanism with a threshold of 0.5eV. In other words, the adatom sees a potential barrier of 0.5eV to switch from one position to another. Besides, we may wonder why the adatom does not move from a triangular site ( space inside three Se atoms ) to another one. The answer is not clear yet, but one possibility is that the adatom is not exactly on bridge, which, by the way, is often an unstable position for an impurity. If the adatom stands slightly on the inner side of the line between two Se atoms, we may think that there is still a potential barrier preventing the atom to jump to the neighbouring triangular site. From what we said previously, the barrier won't be below 1V high since we explored until that electron energy. Also such equilibrium positions might be later on explained by the nature of the bond formed between the impurity and the Se atoms.

But this is beyond our experimental insights and some DFT calculations would be required to confirm the first model we set up based on our experimental observations.

Type II defect -Substituted N atom

A second type of defect is observed as a point defect, and turns from a bright spot of less a nanometer diameter in positive bias ( Fig. 4.4.a ) to a dark spot less than 100 pm deep in negative bias. On fig. 4.4.b, we can see that the dark spot actually corresponds to a point defect vacancy like, neighbors atoms being pulled down. Also, three bright lobs at 120 o from each other can be seen around the defect at negative bias, exhibiting its three fold symmetry character. Beside, a faint 4 × 4 CDW is also present on both atomic resolution images. At this point it is difficult to speculate on the nature of this defect. This can be a vacancy as well as a substituted N atom on top layer or also buried on the bottom layer inducing electronic effects. The differential conductance spectrum in fig. 4.4.c gives an interesting information : First, the STS shares one similarity with the previously studied type I defect, since the peak at 1V is still present in the same overall shape, with the 0.7V peak present as a shoulder. In addition, on the side of Fermi level, new features never seen anywhere else arise, forming three rough peaks at -0.06 V, 0.06 V and 0.17 V from statistics ( done over different areas of the sample and with different tip apex ) and corresponding to the peaks at -0.05 V, 0.04 V and 0.22 V on Fig. 4.4.c . The 0.06V peak is rather large and prominent so that is merges with the neighboring peak appearing as shoulders also. However, in some defect the peak at 0.17V is pretty much enhanced around the Fermi level. Moreover the STS are pretty much homogeneous all around the defect, and even on the border with the pristine VSe2. Furthermore, when taking low energy STS some finer feature are measured. First, inside the defect, a peak at 8 mV can be seen and has a width of about 10 mV ( Fig. 4.4.d ). When the STS is taken at the frontier between the pristine area and the dark area of the defect, a dip replaces the previously seen spot. It has a width of about 20mV and is exactly centered at zero energy ( Fig. 4.4.e ). In comparison, the pristine area of VSe2 has just a regular slope at small range with no real variations as we can see in Fig. 4 Some alternative version of the defect mentionned just above are found all around the sample. First, quite commonly, a bright feature can be seen at negative bias at the very center of the defect as shown in Fig. 4.5.a. However this type of defect exhibits similar STS ( displayed in Fig. 4.5.b ) with the previous one, and the bright appearance of the defect isn't likely due to new electronic state, but to some different topography. There is a last version of the defect occurring with a difference in the STS. On one hand, when looking at it in the STM images in Fig. 4.5.c, we see that it is apparently similar to the most common defect, but the STS on the other hand shows very thin and prominent peak at exactly the Fermi level, as shown in Fig. 4.5.d, and is sharper than 20mV. However it is not to be confused with the previous large range STS feature at Fermi level, being broader. First of all from the comparison with the type I defect, which was rather clearly identified as a N adatom, one may identify the similar STS feature at 1 V, which would suggest that here again N atoms are involved. As per the STM topographic images, it is clear that the defect is point like, which restrains the possible choices. Its high density on the sample rules out too complicated structures, unless especially stable ones, which would require DFT to be identified properly. However in the same way as it is the majority in graphene or MoS 2 [START_REF] Azcatl | Covalent nitrogen doping and compressive strain in MoS2 by remote n2 plasma exposure[END_REF][START_REF] Joucken | Localized state and charge transfer in nitrogen-doped graphene[END_REF], we would assume that this defect is a simple N substituting a top or bottom selenium atom. The last question of the substituted layer is tricky even though we have two defect type with similar topographic appearance, bias behavior and identical spectroscopy to possibly attribute it. Indeed as reported in this article for instance [START_REF] Zheng | Visualization of point defects in ultrathin layered 1t-PtSe 2[END_REF], studying with STM and DFT intrinsic defects in thin layer PtSe 2 , top layer and bottom layer Se atom substitution do not have similar topography appearance at all. And in the same manner, it is not straightforward that these two defects have similar STS. We could also attribute the version of the defect with a bright protrusion to another species forming a bound with the substituted N atom. Last, this may also be two different internal reconstructions of the same defect giving birth to different electronic effects on the top layer. At the end of the day, either of these options are possible. Moreover, the nature of this peak at 1V remains dubious in both type I and type II defect. It is assumed to come from N DOS but in the pristine, a light shoulder shows up at 1V too, which may cast doubt on the origin of this feature. In fact, in a similar way as studied in the last chapter, it is possible that the 3d orbital of the V metal at this energy undergo a lift of degeneracy, induced by the deformation of the octahedral environment. The later would split the orbital in two distinct peak in the DOS and increase the DOS on the 1V peak rather than the 0.7V peak, still present, more as a shoulder this time, in the opposite manner as for the bulk VSe 2 STS. Another possible explanation can be made when comparing the monolayer VSe 2 STS in Fig. 3.10.c, where a strong peak at 1V is also present. This suggests that in a constrained environment, the overlap between the Se ligands and the metal are stabilizing the d orbitals at around 0.7V, but when the constraint is lifted either by removing bulk constraint or substituting it with an atom with a smaller ionic radius, the d orbital gets higher energy reaching about 1 V. As for the DOS around Fermi energy, the apparition of the two other peak at 0.04V and 0.17V is more difficult to explain and would need detailed DFT calculations. Nevertheless, it looks rather improbable that these features come from V d orbitals. One may however note that the distance between the 0.17V peak and the original -0.06V peak, and the distance between the 1V peak and the original 0.7V peak, is rather similar ( a bit less than 0.3V ) so that one may think of a shift of the whole to explain the new features. Beside the shift is in the expected direction, toward higher energy, as N compared with Se is supposed to empty bands. And due to some screening of the surrounding metallic area, the pristine VSe 2 features remain lightly visible in the STS. These are just speculative. At small energy range, we observe some inhomogeneous features across the defect. The DOS being visibly enhanced at the very center and on the contrary depleted on the outside. Such an uncommon characteristics is also not trivial to attribute. Surprisingly, such heavy changes in the Fermi level DOS do not trigger much effects on the CDW state and periodicity. In fact, one may expect from such a STS, that new segments on the Fermi surface would be created, allowing a new Nesting vector to enter into competition CHAPTER IV N PLASMA DOPING OF TWO TMD 4.2 Interplay between VSe 2 and N with the already existing 4×4 one, at least locally. But we can clearly see that this is not happening and the 4 × 4 periodicity is pretty robust toward such changes.

Type III defect

The last defect type proliferating at the surface of N doped VSe 2 is a bright point like circle with exactly opposite behaviour as the previous studied defect, as seen in the Fig. 4.6.a-b.

They have a rather high density as compared with the two previously studied defect, and do not seem to interfere much with the VSe 2 CDW. The STS (Fig. 4.6.c) is similar to the pristine VSe 2 regions. The positive energy peak does not shift significantly and the other peak has a mean energy at -0.08 V, which is slightly down shifted. Such light features in the STS is roughly what is expected from simple vacancies without much new states as in the two previous defect. Even though we were not able to spot it in the pure VSe 2 compound, their large number here might be due to the harshness of plasma treatment, creating such defect. Assuming this is indeed a vacancy, the zone is supposed to get an excess of electron, since the selenium takes 2 electrons from the metal when present. The trend is coherent with the light noticed shift of the peak below Fermi energy toward low energy. We can imagine that not all the electron will return in the metal orbital, the remaining will classically form dangling bond on the surface or be shared to neighboring cells. Nevertheless we do not have up to date further calculations to confirm our hypothesis. 

Conclusion

We doped the metallic compound 1T phase VSe 2 bulk with N atoms using a plasma source.

Through our STM and STS study of the sample we isolated and identified three kind of defect, a priori not being native to VSe 2 . The first kind defect is a simple N atom adsorbed on the surface, the second kind being a substituted N atom, and the third kind a simple vacancy created by the plasma treatment, which turns out in fact to be a native defect. The intercalated N atoms ( second kind defect ) indeed adds some state at and around the Fermi level. The nitrogen doping appears to induce point defects in VSe 2 while preserving the charge density wave.

CHAPTER IV N PLASMA DOPING OF TWO TMD 4.3 P doping of MoS 2 by N substitution

P doping of MoS 2 by N substitution

MoS 2 has been doped with Nitrogen to include it in nanodevice, but rarely for properties characterization purpose. At a large scale, an experimental XPS characterization has been published [START_REF] Azcatl | Covalent nitrogen doping and compressive strain in MoS2 by remote n2 plasma exposure[END_REF]. They confirm after an exposure of 2 min to the N plasma, the presence of N energy signature, and also Mo-N chemical bonding. This is coherent with the expected substitution of the sulfur. Besides a clear energy shift, standing for the p-type doping from N2 exposure of the MoS 2 has been observed, but it is difficult to tell the extent to which it is due to the charge transfer or to the induced band bending. The experimental data give a gap of ∆ = 1.23 eV, unchanged in the process, and a total shift of E F from the doping by N species of 0.53 eV. Last, it is to be noted that we cannot compare directly two plasma sources parameters, mainly because plasma is a very unstable phase and its properties are sensitive to many parameters including the geometry of the chamber which is for sure different. However, we can estimate the coverage rate induced by their plasma on MoS 2 since they measured the coverage from XPS data. They give a coverage of 0.1 ML for 2 min exposure with 1 ML being 1.16 × 10 15 atoms.cm -2 , which yields T d = 5.8 × 10 13 atoms.min -1 .cm -2 . This will be useful later for comparison purpose. However before trying to find back such properties of N plasma doped MoS 2 , we will first review the pure bulk MoS 2 properties. In a second time we will report the characteristics of N doped MoS 2 , and lastly our attempt to create p -n junctions in there.

Pure MoS 2 STM study

MoS 2 is a well known TMD that has focused a huge amount of studies. However, there are only few STM studies on this material. One STM paper exhaustively discusses the electronic properties of defects in MoS 2 [START_REF] Addou | Surface defects on natural MoS2[END_REF]. They report different kind of defects such as foreign species adsorption, top layer and sub layer S vacancies ( see resp. Fig. 4.7.i, g and h ), and measure by the way a lattice parameter of about 0.34 nm. Whereas the adsorbed impurities are inducing band bending locally, due to Coulomb interaction between the lattice electron and the impurities; S vacancies create a bright surrounding due to the excess of electron creating dangling bound. More interestingly, analyzing STS spectra over different area of the sample, they find great differences. On a defect free area, they measured a gap of ∆ = 1.3 ± 0.1eV . As expected, the MoS 2 is already intrinsically n doped since the Fermi level is closer from the conduction band ( Fig. We introduce the MoS 2 bulk crystal, purchased from HQ graphene company, under a screwed steel plate to hold the crystal onto the sample plate with an aperture to cleave and approach the STM tip to the surface. The sample was cleaved first in vacuum under a pressure of about 5.10 -10 Torr. Then it was annealed for 30 minutes at 500 o C to remove possible contamination on the surface. Finally, we transfer the sample to the STM stage and cool it down to nitrogen temperature for study. As expected the MoS 2 surface exhibits quite a wide variety of defect. An atomic resolution of a clear area as shown in Fig. 4.8.a gives a lattice parameter of around 0.33nm, but with some differences ( ranging from 0.345 nm to 0.31 nm ) according to the direction due to thermal drift at 77 K. The STS spectrum ( Fig. 4.8.c ) taken away from defect shows a large gap, and also a peak at -2.49 eV. The statistics shown in Fig. 4.8.b, report a gap of 1.48 eV, ending just above the Fermi energy at about 0.06 V. This suggests that our sample is intrinsically highly n-doped as compared to what has been observed in the reported literature ( cf. previous paragraph ). At this point, it is important now to explain how the gap have been measured on the dI/dV spectra. We first define coarsely the gap on the STS and spot the highest level on the noise relatively in the middle of it. At this highest point we trace a line parallel to the gap base line and crossing the two portions of the spectrum going upward. The intersection at the lowest energy, respectively highest, is defined as the valence band ( VB ) maximum , respectively the conductance band ( CB ) minimum. Our method exaggerates the gap when the spectrum is a bit too noisy. This is the reason why we work mostly on averaged spectra, and discard noisy STS. However this might explain the slightly larger gap we obtained. For comparison, [START_REF] Ugeda | Giant bandgap renormalization and excitonic effects in a monolayer transition metal dichalcogenide semiconductor[END_REF] takes the logarithm of the STS to better visualizes the changes. For the sake of clarity, we confirmed the result by treating the data with a second method, based on the intersection of the slope of the DOS right outside the gap and the baseline of the gap. The results turn to be similar below 0.1V difference, thus confirming the robustness of our data. Beside, the flat DOS in negative bias has also been seen in some areas, but without better clues of its origin. If we further investigate some more defective areas, we end up finding some different signatures in the spectroscopy, retrieving some of the behaviours discussed above. First, we wanted to make sure that no defect gets created during the heating of MoS 2 , so we did several annealing on this sample, at different temperatures for different time, and looked at the surface after each process. We didn't find an obvious proof that the annealing causes new defect in our sample. As seen in Fig. 4.8.d, the trend is mostly to p-dope. In such area, we spotted two type of defect with distinct bias behaviour. We distinguish them by their appearance at 1.5 V : One does look bright ( bright defect ), the other dark ( dark defect ). They constitute the majority and the most recurrent defect on the surface (see Fig. 4.9.a). At different bias on atomic resolution images ( Fig. 4.9.b-g ), these defects turn out to be point defect, with three fold symmetry, S vacancy like. These two kind of defect 106 CHAPTER IV N PLASMA DOPING OF TWO TMD 4.3 P doping of MoS 2 by N substitution have actually already been reported [START_REF] Dubey | Weakly trapped, charged, and free excitons in single-layer MoS2 in the presence of defects, strain, and charged impurities[END_REF], with a density of about 1.10 12 per cm -2 , which is in the same range as for our sample based on Fig. 4.9.a ( 19 defect for 50 × 50 nm 2 ). Besides they identified the dark defect at every bias as a sulfur vacancy in the top or bottom layer. Also, some in gap defect state have been expected from the DFT calculations of [START_REF] Dubey | Weakly trapped, charged, and free excitons in single-layer MoS2 in the presence of defects, strain, and charged impurities[END_REF], but none have been found in the STS here. In fact, compared with our dI/dV measurement, their spectra are pretty similar as expected since the doping effect is rather non local and apply uniformly to the whole area even out of the defect, and in term does not help to differentiate them either. These STS both correspond to a bulk MoS 2 STS exhibiting different degree of p-type doping. Some area have an extremely high doping rate such as the STS shown in Fig. 4.9.i, where the Fermi level is pushed more than 1 eV away from the conduction band minimum which is the same kind of the one in Fig. 4.7.b. The gap may also appear a bit large but in these area the foot of the valence band is quite broad, some energies having very weak DOS, and one may not clearly state that it got enlarged. In the end, it is difficult to determine whether any element has been substituted with the missing S atoms, but the fact that they are very common on the surface suggests that their structure is rather simple or even that the substituting element is common. Besides, the fact that the defect areas are highly p-doped, is incompatible with a sulfur vacancy. Indeed, in the formal picture, sulfur is supposed to take charges in its environment to a formal charge of about 2-. Thus, a sulfur vacancy leaves an excess of 2 electrons in its environment, leading in principle to a n-type doping. This suggests that the two observed defect are either acceptor species with respect to the chalcogen family or Mo vacancies. In the opposite trend as previously, the molybdenum has a positive charge, meaning that once in the lattice he gives some electrons to its surrounding chalcogene. Therefore, a Mo vacancy will result in a p-type doping and locally an electron depletion. The fact that the spot looks like a hole may be due to the shift inward of the surface sulfur atom. Nevertheless, only DFT calculation could shed lights on their nature, which remains to be done. As a conclusion, our pristine MoS 2 revealed to be p-doped and contains native defects that we have characterized. This will then allow us to identify more clearly N signatures in MoS 2 as well on the image side as on the spectroscopy side. 

N doped MoS 2

Even though, the Nitrogen doping of MoS 2 has never been the subject of a STM study before to the best of our knowledge, some very similar studies have been done on VI th column TMD. Weber-Bargioni et al. [START_REF] Barja | Identifying substitutional oxygen as a prolific point defect in monolayer transition metal dichalcogenides[END_REF] gives a STM study of Oxygen doping of MoSe 2 and WS 2 . Oxygen in these two semiconducting TMD has a pretty similar signature. In MoSe 2 , O substitution of a Selenium top atom gives a deep state at about 0.2V from the maximum of valence band. On the other hand, on WS 2 , substituted oxygen makes a resonance on the upper edge of the valence band. It is to be emphasized that the oxygen has an isoeletronic configuration with respect to the chalcogenides, so that coherently no doping is observed. Such studies are interesting to put in perspective to our doping of MoS 2 and more generally, the behaviour of CHAPTER IV N PLASMA DOPING OF TWO TMD 4.3 P doping of MoS 2 by N substitution the doped VI th column TMD. After checking the UHV cleaved surface of our MoS 2 sample as described in the previous section, we expose it to the plasma source. The nitrogen plasma is created in the chamber at a pressure of P = 8.0×10 -4 mB at room temperature. A deflection at 1000 V was used to remove ionic species, and we pushed the power to around 300W to create the plasma in a first time, and then lower it to 200W for the doping. The MoS 2 is exposed for a duration of 5 s. This treatment induces a slight surface contamination. This is why we first proceed to an annealing of the freshly doped sample at 400 o C for about one hour and half, allowing the surface to be cleaner. The sample is then normally cooled down to liquid nitrogen temperature for STM study.

When looking at a large scale STM image of the doped surface, as shown in Fig. 4.10.a , the difference is straightforward. Mainly three type of defects can be seen. First ( type I ), one big bright defect can be seen at about the center, and another one of the same kind at the top right corner, but noisier. In the same way as for the previous N doped VSe 2 sample, these are remaining adsorbed atoms on the MoS 2 surface and moving between certain positions. Likewise, they do not have a strong influence on the electronic band structure, and we will not focus on them. Second ( type II ), on may notice that the faint bright dot all around the surface. After closer looks, they appear similar to the intrinsic defects presented earlier for pristine MoS 2 . However, their number suggests that they have been formed in the nitrogen plasma process. This may be coherent with the Mo vacancy scenario. Last but not least ( type III ), there are the dark hexagonal shape defect, with for most of them a bright central spot. These were not seen in the pristine MoS 2 and are likely to be the direct result of nitrogen doping. They are uniformly scattered on the surface although, some agglomerate together forming dark clusters. Assuming that one defect corresponds to a single N intercalated, we counted 306 N atoms exactly in this 100×100 nm 2 leading to 2.6 N atoms shared for 1000 MoS 2 unit cell. Since this piece of MoS 2 has been exposed during 5 sec to the nitrogen plasma, we get a doping rate of 3.7 × 10 -13 atom.min -1 .cm -2 which is fairly close to the doping rate reported by reference [START_REF] Azcatl | Covalent nitrogen doping and compressive strain in MoS2 by remote n2 plasma exposure[END_REF] of 5.8 × 10 -13 atom.min -1 .cm -2 , thus expecting coherent results with respect to theirs. When zooming on the defect, it does have a nice hexagonal shape reflecting the symmetry of point defect having a six fold environment as seen in the Fig. 4.10.e . There is no obvious features on the image but we can spot a darker area probably being centered around the N atom. It is not possible to say whether the N atom is on the top layer or at the bottom one. Furthermore, in STS data, the defect and the area away from defect show different features but similar background STS shape. First, as seen in Fig. 4.10.b, the pristine area has a Fermi level pretty close to the conduction band, as would be expected for a pristine crystal. As seen before, the doping of the bulk depends on the electronic environment ( defect density, strain, ... ), it is thus difficult to evaluate the strength of the p-doping induced by N atoms, unless it is significantly high. Here the conduction band, being in pretty close to the Fermi level as for an intrinsic n-type doping, we cannot conclude about the doping. Differences appear when the STS is taken atop the defect (as in Fig. 4.10.f, with the corresponding STS in Fig. 4.10.b-c ). On the valence band side, its energy seems rather similar when compared with the STS outside of the defect, However at its foot, we can detect a clear small peak with an average energy of -1.36 V. In this chosen STS spectrum, it stands 

C 60 deposition on MoS 2

Our previous study of N doped MoS 2 did not allow us to conclude about the actual doping of the MoS 2 by nitrogen impurities, because of the large natural variation of the doping level on the surface. However, one idea to overcome this obstacle is to protect some area of the pristine MoS 2 bulk from the N plasma treatment, so that one may see the Fermi level shift between the N doped areas and the preserved areas. This is possible by creating some (atomically) thin layer on some part of the surface before the plasma treatment. For that purpose we have investigated the assembly of C 60 molecules, the final goal being to use it as a mask for CHAPTER IV N PLASMA DOPING OF TWO TMD 4.3 P doping of MoS 2 by N substitution N plasma as done by Lagoute et al. [START_REF] Bouatou | Visualizing in-plane junctions in nitrogen-doped graphene[END_REF]. First, they form 2D island when evaporated on most of substrate such as HOPG [START_REF] Szuba | Observation of c60 film formation on a highly oriented pyrolitic graphite substrate via scanning tunnelling microscopy[END_REF]. Second, the covalent carbon bonds make them strong enough to recent the harshness of N plasma treatment and thus correctly protecting the area they cover. Finally it is a priori possible to remove this mask easily without destroying the N doping. As said before, the evaporation temperature is about 400 o C, and this is the annealing temperature used after simple N plasma doping procedure. The full procedure is depicted in Fig. 4.12.a. As usual, we first cleave in vacuum the MoS 2 bulk sample, and then insert onto the STM stage. The deposition is directly made there at 77K. We first slowly raise the C 60 evaporator at 400 o C and then when it is thermally stable, we open the shutter and deposit the molecules on the surface for 1 min 30 s, the LT chamber pressure being at 3.10 -10 mBar which corresponds to a normal C 60 flux. If we take image right away, the deposited molecules appear to be cluster like and form 3D structures as see in the Fig. 4.12.b. At this temperature they do not have the energy to spread and form islands. This is the reason why, we give it some time to rest at room temperature, typically few hours, to let the islands grow. If we take another look using STM after this operation, we get some well organised 2D island, pretty much homogeneous, except at some points where a hole or even a second layer can be found, being vestiges of the initial 3D structure. Their density is also correct as seen in the Fig. 4.12.c, since they are separated enough to allow to observe both doped and protected areas once treated with N plasma. Finally, a closer look on one of these islands, allows to roughly estimate its dimension. The one in Fig. 4.12.d has a typical hexagonal shape, being about 70 nm large from edge to edge and its height is about 0.6 nm. As one may see from the FFT shown in Fig. 4.12.e, the lattice parameter inside the island is about 0.95 nm ( it is directly plot in 1/x units ), which is about what has been reported for this molecules lattice deposited on Au(111) (11 Å) [START_REF] Zhao | STM study of gold-overlayer formation on c60 monolayers[END_REF] .This parameters all together point toward a monolayer of C 60 [START_REF] Sakurai | Van der waals epitaxial growth of c60 film on a cleaved face of MoS2[END_REF]. As mentioned previously, some vacancies are present in the island, exposing then directly the MoS 2 in the protected zone but, they are generally small enough ( less than 10 nm diameter ) so that the N atoms are not expected to overlap much the total covered zone. After this confirmation of the good deposition of the C 60 masks, we can proceed to the doping in normal conditions. After removing the masks, a significant contrast is supposed to be observed between the pristine zones protected by the C 60 island, having an intrinsic n-type doping electronic structure and the Nitrogen doped zones, undergoing a p-type behaviour induced by the defects. Unfortunately the data obtained after the N plasma treatment and the C 60 removal, weren't able to confirm the creation of such junction. First of all, when scanning on the surface, we get hinted that it became very rough during the process and we can also notice the presence of some dirt and clusters, which were not as frequent beforehand. Fig. 4.12.f. is a topographic image of the surface after the N plasma treatment and the removal of the C 60 masks. From this image, one may see that the N defects show some non uniformity in the distribution, with observable defect free small area. However it is not of the expected size, which was as the size of the C 60 islands suggested it before plasma exposure, of few tens of nanometer wide with a rough circular shape. We mainly see two reasons potentially explaining that result. The first one might be that we overestimated the protection efficiency of the C 60 toward N radicals, so that sulfur atoms can get substituted below the C 60 surface. 4.3 P doping of MoS 2 by N substitution

The second reason, more tricky might be that the N substituted defects are able to move during the removal of the C 60 mask under the effect of higher temperature ( around 400 o C ), and thus destroying the junctions. Without knowing it for sure, the best solution in both case would be to choose different molecules for the mask and preferably with low evaporation temperature to avoid potential N defects move. In any case, further experiments in that direction remain to be done to achieve such junctions in MoS 2 .

Conclusion

Thus, after analyzing the pristine MoS 2 electronic properties and deducing that the doping is highly governed by native defects, we doped it using N plasma treatment. The defects engendered this way are assumed to be substituted nitrogen atoms. First, they do not dope significantly their area which is assumed to be the results of the large doping of intrinsic defect. Second, an in-gap defect state is visible around -1.36 eV at the very location of the defect. Third, the CB minimum get non homogeneously pulled up, thus enlarging the gap atop these defect to about 2V. Beyond the idea of checking the doping engendered by N atoms in MoS 2 , this previously cited technique would build p -n junction in MoS 2 . Even if for now, the process described previously didn't allow to get neat junctions, the characterization work done so far constitutes a solid base to explore solutions like other molecules for masks. Chapter 5

Manipulation of CDW phase in VTe 2 monolayer

Introduction

The monolayer of VTe 2 has been first grown in end of 2018 -beginning of 2019 [START_REF] Sugawara | Monolayer VTe2: Incommensurate fermi surface nesting and suppression of charge density waves[END_REF][START_REF] Li | Synthesis of ultrathin metallic MTe2 (m = v, nb, ta) single-crystalline nanoplates[END_REF]. It's thus a pretty new system for experimentalists but it has been dragging a bit more interest recently. Three papers show STM results on this sample. The first paper to begin preliminary work on the subject is [START_REF] Mariel Coelho | Monolayer modification of VTe2 and its charge density wave[END_REF]. Their main point is the interlayer mechanism filling or emptying the V d band inducing thus a change in both the crystal structure and the CDW. Such a mechanism could in fact explain the different structural transition that VTe 2 undergoes when reducing thickness. From the 1T" phase showing 3 × 1 CDW to the 1T phase( 4 × 4 and 4 × 1 CDW ), the suppression of the Te -Te interlayer interactions causes a charge transfer from the 5p Te orbital back to the 3d V orbitals. As a consequence the Te -V bonds is shorter, they measure in STM a lattice parameter of VTe 2 monolayer on MoS 2 of about 0.36 nm. These structural transitions are expected to induce some changes in the CDW as well. For the new T phase they calculated the phonon band and found indeed some negative modes corresponding to the 4 × 4 CDW as shown in Fig. 5.2.a . They reported then the first STM image of this CDW ( Fig. 5.2.b ). However the monolayer is not that simple and actually exhibit some variations of the 4 × 4 CDW due to several factors as shown by [START_REF] Liu | Multimorphism and gap opening of charge-density-wave phases in monolayer VTe2[END_REF]. First, when the coverage is below one monolayer, only 4 × 4 CDW exists and sporadically, fewer insulating phase showing a 2 √ 3 × 2 √ 3 CDW shown by the STM image in Fig. 5.2.c . These two phases correspond to 2 different growth mechanism, where the one leading to 4 × 4 is energetically favored. Second, when the coverage reaches the full monolayer, nucleated domain start to merge forming grain boundary. Somehow in the process the insulating phase got destroyed because it is nowhere to be found at this coverage. Also, two new CDW have been spotted, namely 4 × 1 and in less number 5 × 1 coexisting with the remaining 4 × 4. These two new CDW have been suggested to be strain induced because of imperfect lattices nearby grain boundaries. They also report a STS data (see Fig. a peak slightly below the Fermi energy but with a pretty pronounced shoulder crossing the Fermi level, giving therefore to VTe 2 its metallic behaviour. They did not however identify the origin of this peak. Finally, [START_REF] Miao | Real-space investigation of the charge density wave in vte2monolayer with broken rotational and mirror symmetries[END_REF] performed a CITS from -0.2V to 0.2V at 74K on the 4 × 4 area. This shows a contrast inversion from negative to positive bias within this range of energy suggested to be characteristic of the Fermi surface Nesting behaviour. Also, their STS taken at 4K this time, displays an overall metallic sample with the same feature with shoulder below Fermi energy than previously reported but shifted to lower energy by about 0.1-0.2V. On top of that they find a pseudo-gap they estimated around 12 meV. Last but not least, they started to investigate the symmetry breaking occurring in the 4 × 4 phase.

Using an atomic resolution STM image they shed light on a favored direction in the CDW corrugation ( see both Fig. 5.2.e -f ). This is a first step to understand the different nesting vector at stakes controlling the CDW periodicity and so the link between the 4 × 4 and the 4 × 1 CDW.

Electronic properties of VTe 2 monolayer

Sample preparation

The sample we studied is a 1.25 ML VTe2 on bilayer graphene on 6H SIC (0001). It has been grown by MBE in Dr.Pai lab in CCMS in National Taiwan University in Taiwan. It has been set in a vacuum suitcase from Taiwan laboratory to Paris laboratory, whose vacuum is below 1.10 -7 mBar. Then we transferred it to the preparation chamber so that it never gets exposed to air. We quickly degas it for one hour at 250 o C and transfer it to the STM to be studied at 4K.

Results and discussion

Overall the surface has numerous impurities as shown in Fig. 5.2.a, which are more likely residue of the growth process since we can observe them in the Taiwan STM right after growth.

From the growth process, also remains some grain boundaries delimiting domains which are few hundreds of nanometer large. On a smaller scale, we can distinguish the different CDW domains as shown in Fig. At the same time, the STS reveals a pretty rich DOS. Nevertheless, we were not able to check several sample as the transfer process is a bit laborious. In spite of that, we cross checked the data with the literature, and data remain coherent, despite pretty dissimilar surface morphology. Thus, the VTe 2 STS is shown in the Fig. 5.3.a taken on respectively the 4×1 (red) and 4×4 (black) CDW. It exhibits a lot of peaks in the DOS at both positive and negative bias. First of all, statistics made across different areas of the sample and also different tip states show that there is a difference in the STS between the 4×1 and the 4×4 CDW domain but it is rather subtle. This change is the presence of a small feature in the STS of the 4×1 STS at about 300 meV, which is not visible in the 4×4 CDW STS. This has been reported and discussed already by [START_REF] Wu | Orbitalcollaborative charge density waves in monolayer VTe2[END_REF]. Their STS spectra are in excellent agreement with ours, however, we do not report an overall shift of 30 mV between the two different CDW STS. Beside, we didn't see any change in the spectrum between the bright and the dark features of both domain, as we reported for instance for the bulk 1T -VSe 2 CDW. Based on the reproducibility of the data, we are able to report 9 peaks with different shapes. The first one lies at about -1 V and is rather a broad feature. Next we get two small peaks at -0.63 V and -0.44 V. The stronger feature of the STS is the quite narrow peak just below the Fermi energy at about -40 mV. This peak has a shoulder showing up at +20 mV, which is actually another narrow peak extremely close to the Fermi level. A detailed zoom can be seen in the small range STS in Fig. 5.3.b. Another discreet peak can be seen at about 0.18V. Another small peak is seen at 0.39V. And finally, two broad peaks and most of the time overlapping each other at 0.83 V and 1.13 V. These are resumed in the statistics shown in Fig. 5.3.c. The majority of the peak statistic plot shows pretty nice Gaussian shape except the two adjacent 0.18V and 0.39V peaks, whose statistic law apparently is formed by two Gaussian functions. In any case, among all of these peaks most of them have rather dubious nature. To clarify the origin of the peak origins, we get the calculated DOS for VTe 2 monolayer, and the projected DOS on V d orbitals, respectively shown in Fig. 5.3.d-e. The total calculated DOS allows us to match with some of the few peak we described earlier. At first glance, the duo of peak around 1 V fits pretty well the two strong one in that region. But the small peak in the calculated DOS, does not appear in the STS, perhaps because of the very wide DOS of these two peaks in the STS. This makes them also sometimes impossible to distinguish between each other. The sharp peak just below Fermi energy in the STS is also present in the calculated DOS, however its shoulder is not. This might hint that it stems from a peculiar effect occurring at Fermi energy. Then eventually one may attribute the two small peak at -0.63V and -0.44V in the STS to the two edges of the depletion around -0.5V in the calculation. The three remaining peaks are for now out of reach for identification. The fact that this three peaks have in the statistics, imperfect Gaussian distribution may support the fact that they do not originate from the V band structure. For the projected DOS on the d Vanadium orbitals, we chose an orbital set with a z axis oriented in the out-of-plane direction. In that configuration, we find the same structure as for the 1H phase TMD, similarly as for the VSe 2 . We can see that the d xz with d yz , and the d x 2 -y 2 with d xy are degenerated and the d z 2 works alone. The peak just below the Fermi level has contribution from the three set of orbitals. The same goes for the two small peak around -0.5V. On the other hand, the peak at 0.83 V in the STS seems to be almost totally made of the d xy and d x 2 -y 2 orbitals. And the peak at 1.13 V has major contribution from the d z 2 orbitals and a smaller one from d xy and d x 2 -y 2 orbitals. Besides, a Conductance Imaging Tunneling Spectroscopy ( CITS ) has been taken on the 4×1 CDW to have further insight of the bias behaviour of its pattern. The Fig. 5.4.a is the STM topographic image of the zone on which the CITS was performed. On the right side, some impurities can be seen with different bias behaviour. Some slices of the CITS area shown in Fig. 5.4.b-d, at respectively a bias of -0.17V, 0.29V and 0.84V. The blue and red lines on all these pictures are at the same xy coordinates. We can thus spot three shifts of the CDW pattern here. The first one classically occurs around the Fermi level. However, we do not have a total Contrast Inversion here, but rather a shift of the CDW. Indeed, as shown by the blue line in the first two slices, when we start on a maximum of the 4×1 CDW at negative bias, we end up at an intermediate position between a maximum and a minimum of the CDW in the 0.29V slice. On the other hand, a contrast inversion seems to take place around 0.4V bias. The red line is onto a CDW maximum in the 0.29V slice but ends in a minimum in the 0.84V slice. In the same way, the blue line goes from one intermediate position to the opposite intermediate position. This corresponds to a 180 o CDW phase shift. First the fact that at the Fermi level the phase shift of the CDW is not of 180 o is not surprising. Indeed in many metallic CDW TMD, one does not observe a perfect contrast inversion for the CDW state [START_REF] Dai | Microscopic evidence for strong periodic lattice distortion in two-dimensional charge-density wave systems[END_REF] at Fermi Energy, which is predicted to happen in the case of FSN driven systems. Beside, recent ARPES study [START_REF] Wang | Evidence of charge density wave with anisotropic gap in a monolayer vte2 film[END_REF] actually found a gap at Fermi level on the Fermi surface. The unperfect contrast inversion on each side of the CDW gap can be explained by the fact that the periodic lattice distortion induced by the CDW also influences the DOS seen in CITS, even if pure electronic effect are having a perfect contrast inversion. The problem of the contribution of the lattice in the CDW is often tricky and can't be avoided to explain STM images. But ultimately, no pure electronic CDW has been reported up to date [START_REF] Johannes | Fermi surface nesting and the origin of charge density waves in metals[END_REF]. As for the second transition describing a perfect contrast inversion. In the DFT calculated DOS of Fig. 5.3.d and e, no particular features at 0.4 V can be spotted. However in the STS, this is about the energy at which some differences arise in the two different CDW. This has been discussed by [START_REF] Wu | Orbitalcollaborative charge density waves in monolayer VTe2[END_REF]. Based on contrast comparison between two CITS energy slice, they compared the CDW pattern behaviour with a calculated electronic band structure. They deduced a zone about 350 meV above Fermi energy where the degeneracy of the 4p and 3d hybridized state is lifted. Above this threshold energy, the 4×1 stems from non hybridized states, and thus the electron get reorganised giving the CDW a new appearance. Further experiments might be planned to try to tune the interplay between that lift of degeneracy and the CDW electronic distortion. 

Switching the CDW domains

During the scanning process, all over the sample, some areas appear noisy. And surprisingly, if we scan at the right bias range, from one image to another, the CDW periodicity of the area changes, evidencing a switching of the CDW between two different phases. An example of a simple switch is shown in Fig. 5.5.a-c. Here the two patterns involved are a 4×1 and a 4×4 pattern. They have been displayed by chronological order of their acquisition, so that the first switch allows the transition from the 4×1 in (a) to the 4×4 in (b). The second switch allows to get back to the 4×4 in (c). Foremost, the central area is switching and on each side of the domain we can see that the CDW is respectively in a 4×1 pattern and a 4×4 pattern. They remain unaffected by the switch. However the direction of the 4×1 pattern on the left side is rotated 120 o . Second, a spectrum acquisition may also trigger the switch with more or less efficiency according to the bias applied, the current set point and the tip location. Indeed one may find that the location of the tip appears to be crucial to induce the changes between two phases. In the aforementioned example, we can see that the optimum tip position is located at the edge of the domain and not at the center, as one may expect. More precisely, here the unstable ( noisy ) area is rather around the impurity, which suggests that they play a certain role. Another switch sequence is displayed in Fig. 5.5.d-g. We have here a broader view of the phenomenon and it doesn't look always as simple as in the previous example. Here as one may see, not only one but many domains are switching and they reveals themselves to be able to show many different CDW patterns. For instance the area contingent on the top right corner of the big impurity at the bottom of the image ( circles in dark blue ) adopts several patterns, such as 4×4 ( in (d) ), 4×1 ( in (e) ), 4×1 turned 120 o clockwise ( in (f) ) and also a 4×1 similar as of in (f) but slightly shifted of less than half a CDW period ( in (g) ). Indeed in the last case, in Fig. 5.5.f, the mismatch line in this area stands for a switch in the middle of the scan acquisition, but only applies to this particular area, so that we know it is indeed a phase switch. By the way, the switch is really fast and it lies beyond the STM reach to measure its time duration. Another remark stems from the fact that the domain are not fixed, and each switch creates its own new domains shape overlapping the previous one. First the CDW domains are obviously not following the underlying domain boundaries created by the growth as one may expect, but instead, probably get influenced by the VTe 2 monolayer defects. Then, this also suggests that the underneath monolayer lattice is not quite homogeneous, and has different sensitivity and thus different response to the instability created by the tip. In a perfect picture, the instability would affect the whole CDW domain and switches it all. However the reason behind these irregular shapes of these domain is still not clear. Finally, here again the presence of impurity seems rather important. As described above, some area rather look fuzzy when scanning it at random bias. It hints that the area is in an unstable potential and might potentially switch from a CDW pattern to another one. To go into deeper investigation of the switch mechanism we perform some tunneling current analysis as a function of time. In Fig. 5.6.a, the tunneling current ( in red ) recorded at the red cross on the fuzzy area of Fig. 5.6.b is displayed. This signal has two level alternating which correspond to the two observed phases in the domain which are a 4×1 and seemingly a 4×4. In this case, the high level arises when the tip is above the 4×1 CDW and the minimum when it is in the 4×4 phase. This is because as seen in the topographic image, in the 4×1 phase, as the tip is on the bright maximum of the wave, the tip-sample distance is shorter than in the other case, and thus the DOS and the tunneling current is increased. Beside the typical time the system stays in its state before switching is of few seconds as one may see in the plot. We use a Scilab program similar as the one used for the type I defect in N doped VSe 2 study to fit the signal ( in blue in Fig. 5.6.a ). From that fit we can extract the mean yield of the process, which is the average number of switch triggered by one electron sent by the tip at a fixed bias. We then calculate this yield for all interesting bias, being those for which we see some noise appearing in the area of interest. In Fig. 5.6.c, we plot the Mean yield as a function of the bias for the low and upper level. It has the typical shape we saw in the previous chapter, being the same for low and high level, and symmetric around Fermi level, and starting to dip below ( or above ) a certain threshold bias, which is here about 1V. Outside of it the yield remains constant. This reveals that the switch is actually an inelastic process, where the system encounters a potential barrier with a certain height ( 1V here ), and electrons may or may not bring enough energy to overcome it. Last in Fig. 5.6.d, we display the yield as a function of the current in the low state of the CDW. We change the current by varying the tip sample position, a higher current stands for a closer tip sample distance, and vice versa. In here, the values stay in the same range when the current changes from few picoampers to almost one nanoamper. This would indicate that we have here a one electron process for the switching. Such CDW switching is not commonly found in the literature, but one paper [START_REF] Song | Atomic-scale visualization of chiral charge density wave superlattices and their reversible switching[END_REF] about a chiral CDW switching domain in NbSe 2 monolayer on epitaxial graphene on 4H-SiC(0001), also found standing for the potential barrier to overcome between two domain. The authors describes a similar one electron process ruling the transition from one chirality to another. Many other similarities are also in this paper, such as the existence of threshold bias she sample, we do have similar behavior but all the energies involved are not the same. From our measurement, there are no clear tendency of the threshold bias with respect to the other known parameter such as domain size or nature of the transition. Sometime, many transitions are involved in the switching process ( 4×1 and its rotations, 4×4 ... ). If the threshold bias are not close, with increasing bias the signal is a succession of two level signals. In other case, when the threshold bias are close, at some bias the tunneling current have many level all together, making the different yield and threshold difficult to extract. Besides, in some other cases, the CDW domain stop switching after few pulses because it reaches a more stable CDW configuration. To explain the mechanism of the switch we need in a first time to raise some thoughts about the nature of the CDW observed in STM. First the nature of the CDW involved is from a Nesting point of view, a simple competition of Nesting vectors. In fact, only few vectors are actually competing,including the three vectors corresponding to the three orientation of the 4 × 1 CDW, coherently with what has been found in DFT and plot in Fig. 5.7.a and b. Indeed one may see two huge dips in the calculated phonon band which are about at half the Γ-M and the Γ-K segment. The first one, when projected along the Γ-K direction ( atomic lattice directions ) corresponds to the 2 √ 3 × 2 √ 3 CDW periodicity ( actually a 4×4 rotated of 30 o with respect to the crystal lattice ). This CDW has been reported on sub monolayer sample as said in the intro of this chapter. The other dip onto the Γ-K segment straightforwardly gives a nesting vector of 1 2a where a is the lattice parameter. That is, a CDW periodicity of 4×4. These vectors are actually the one stabilizing the Nesting of the Fermi Surface, whose calculated DOS has been plotted in Fig. 5.7.a. This simple model predicts the existence of the 4×4, which is what numerical simulations usually find [START_REF] Mariel Coelho | Charge density wave state suppresses ferromagnetic ordering in VSe2 monolayers[END_REF], but in real system, the Fermi Surface isn't as perfect and might be slightly anisotropic, so that Nesting defects might appear. According to [START_REF] Johannes | Fermi surface nesting and the origin of charge density waves in metals[END_REF], only 5% mismatch leads to a reduction by a factor 3 of the Lindhart response function divergence. If such thing happens, the Nesting is no more strong enough to stabilize the perturbation of the CDW in one direction, and the normal phase periodicity ( i.e. a periodicity of 1a ) comes back along that direction. A CDW, in a first approximation, can be considered as the superimposition of three 1D CDWs. This results in the creation of a (4×)4×1 CDW periodicity, which is what we observe most of the time in our STM studies in many domains. This is one possibility to explain the formation of such pattern, coherently with [START_REF] Liu | Multimorphism and gap opening of charge-density-wave phases in monolayer VTe2[END_REF], who attributed the existence of the 4×1 to the strain induced by the grain boundaries. However our previous analysis of the topography of the sample showed that the CDW domains are not likely to follow grain boundaries formed by MBE growth. In addition, Gao et. al [START_REF] Wu | Orbitalcollaborative charge density waves in monolayer VTe2[END_REF] noticed that the defect free areas in monolayer VTe 2 only exhibit 4×4 CDW pattern, which suggests that defects are the origin of a local perturbation changing the CDW pattern to a 4×1 pattern. Coherently with these observations, the defects in VTe 2 monolayer could induce pinning of the CDW. Moreover they attributed the occurence of the 4×1 CDW to a possible destabilization of the p-d hybridized state, leading to a lift of degeneracy as explained earlier.

They also suggested that a mean of doing this would be Coulomb energy. Moreover, according to our previous experimental observations then, the current run by the tip is able to either stabilize or stagger the CDW state which corresponds to a switch between a 4×4 and a 4×1, or change the anisotropy of the nesting which corresponds to a switch between two 4×1 CDW periodicity rotated of 60 o with respect to each other. We argue that this can be interpreted as the introduction of the Coulomb energy by the tip in the Fermi surface states leading to the lift of degeneracy of the p and d states and allowing 4×1 CDW order to emerge. Such argument is coherent with the fact that the switches are triggered above a certain threshold, corresponding to the necessary amount of Coulomb energy to be brought to realize such a dehybridization and in term trigger DOS reorganization onto the Fermi Surface. A consistent theoretical calculation is still to be done to confirm such a reasoning. 

Conclusion

The 1T-VTe 2 monolayer is a pretty recent system, and not much has been yet released in the literature about its groundstate properties. For the time being, the main discussion on this system is about the interplay between its different CDW groundstate and its entanglement with potential ferromagnetism. In our STM study, we focus on the competition taking place at the monolayer scale between two close CDW pattern, namely the 4×1 and the 4×4 pattern. In a first STM topography study, we reveal a complex surface showing 4 different CDW patterns coexisting on few nanometer large domains. On the other hand, the spectroscopic study did not exhibit any differences in the DOS around Fermi level between these four phases. However, we identified few peak like features in the DOS and attributed some of them to the d band of the V atoms, giving us some insight about the possible interplay between orbitals in this material. Last, we also found that a transition, that we called a switch, is possible between these two phases according to the geometry of the domain. Thanks to tunneling current analysis, we identified it as a one electron process with energy threshold, standing for a potential barrier to cross for the system to change from one pattern to another. We proposed that the current run in the right conditions, brings enough Coulomb energy to the surface state to partially unbuilds the Nesting for one of the nesting vector of the Fermi surface. Thus interchanging two or more CDW for a short period of time. From that point, some more quantitative study of the switch remain to be done to get a more stable configuration with fixed parameters. This system thus offered interesting insight of the CDW groundstate manipulation in TMD compounds but also in 2D systems in general; and raises VTe 2 1T-monolayer as a potential candidate for CDW based oscillators applications.

Conclusions and Perspectives

In this thesis, we have investigated various TMDs using STM. We explored their properties beyond their pristine state by the inclusion of point defects or intercalation of foreign elements. The major part of this study was focused on the local manipulation of CDW phase and its properties investigation. In the same way, semiconducting properties were also locally engineered by defect generation. We sum up here our main results and lastly give some perspectives for future works.

First, we investigated the electronic properties of pure bulk 1T-VSe 2 and elucidated the orbital decomposition of its density of states. The surface of the crystal exhibit the expected 4×4 CDW known in the bulk material. In order to tune this groundstate, we have intercalated Na atoms that formed compact islands below the top layer of VSe 2 . Interestingly we found that, on the intercalated part, the CDW changes to the √ 3 × √ 7 phase that corresponds to the CDW of the monolayer. This arises from the weakening of interlayer interactions. We compared the results with STM measurements that we performed on VSe 2 monolayer on bilayer graphene. In addition, we observed an edge state appearing at the interface of the two CDW phases. In order to have a complete understanding of alkali interactions with TMDs, we also deposited other alkali species (namely Li, K, Rb and Cs). Interestingly, we observed that these alkali did not intercalate, but instead stay as single adatoms on the surface organized in a lattice that follows exactly the CDW. These results evidence that the CDW drives the organization of the adatoms. This work sheds light on the alkali behaviour in VSe 2 at nanoscale with has implication for battery purpose, but also toward its electronic properties understanding by challenging its CDW. From the understanding of the aforementioned VSe 2 electronic properties study, we induced another type of doping in VSe 2 , with electron acceptors species, namely Nitrogen atoms. Using a plasma source we doped the top bulk VSe 2 layer. Our experimental investigations allow us to identify three types of defects resulting from the N plasma doping with rich electronics properties. First an adsorbed species on the VSe 2 surface has been identified and its equilibrium position analysed by mean of tunneling current. A second type of defect shows particular topography in its surrounding, and peculiar local DOS around its Fermi level, suggesting interesting electronic effects happening locally. Our deduction let us identify it as a substituted N atoms in the first place. And last, we described a more discreet but also more recurrent defect with few change in its DOS. Here again our understanding tends to attribute it to a selenium vacancy but only consistent DFT study could finalize a stable identification. Following the same strategy, we applied the same type of doping to MoS 2 which is a semiconductor. A preliminary study of its intrinsic properties was performed to get an overview of its electronic properties and its intrinsic defects. The gap measured in STS measurement was unexpectedly non homogeneous across the sample, which in turn made the detection of an eventual global doping from N species difficult to detect. Nevertheless, an induced defect engendered in gap state, which is a crucial finding regarding the quantity of applications N doped MoS 2 is involved in. Finally, we investigated the 1T-VTe 2 monolayer system, which is a CDW system for which 2 phases can coexist in a monolayer with a periodicity of 4 × 1 or 4 × 4. Combining DFT simulations, and STS we identified the precise electronic structure of the system. We showed that the CDW can be manipulated by external excitation with the STM tip. A reversible transition between the two CDW phases was observed as revealed by a telegraph signal in the tunneling current during the tip induced excitation. We finally proposed a mechanism to chart the experimental observation in accordance with extensive DFT calculations and also the current understanding of the VTe 2 CDW physics. Thus our work on this system contributed to the understanding of the different CDW pattern origin in VTe 2 monolayer as well as to the unveiling of its potential for CDW based oscillator applications.

In summary, the works presented here has been realized within the framework of a more general trend to the understanding of low dimension materials physics and the exploration of new routes to control these properties as so many research worked have aimed to in the past two decades. The work on intercalated Na atoms in VSe 2 rises some new question to answer. Why only Na intercalates in this compound ? The identification of the determinant parameter responsible for the intercalation might then allow to reproduce the experiment in other bulk TMD, thus expecting similar 3D to 2D CDW transition. Numerical simulations can beside be brought further to first retrieve the √ 3 × √ 7 CDW and then examine closer the DOS difference between the maximum and minimum of the bulk 4 × 4 CDW. For the N doped VSe 2 , DFT calculations are also necessary to increase our comprehension of the doping and its effect. For the MoS 2 work, an obvious improvement would be to achieve a sharp junction by repeating the experiment with different molecules as masks. Also, it would be interesting to compare the effect of N doping in other semiconducting TMD compounds such as WS 2 or WSe 2 for instance, and see if the N atoms similarly creates some defect with in gap states. Last, after manipulating the VTe 2 monolayer CDW using the tip, we would investigate the manipulation of this CDW state using gate voltage. As a final remark, one may notice that such kind of STM study of doping can be carried on the huge variety of TMD compounds aiming to excavate their intimate properties. Fermi Surface nesting vectors (q 1 , q 2 & q 3 ). (a) and (j) come from [START_REF] Wang | Controllable phase transitions between multiple charge density waves in monolayer 1t-VSe2 via charge doping[END_REF], (b) from [START_REF] Jolie | Charge density wave phase of VSe2 revisited[END_REF], (c) has been extracted from [START_REF] Yang | Thickness dependence of the charge-density-wave transition temperature in VSe2[END_REF], (d) from [START_REF] Duvjir | Multiple charge density wave phases of monolayer VSesub2/sub manifested by graphene substrates[END_REF], (e) from [START_REF] Zhang | Strain engineering a 4ax √ 3a charge-density-wave phase in transition-metal dichalcogenide VSe2[END_REF], (f ) from [START_REF] Mariel Coelho | Charge density wave state suppresses ferromagnetic ordering in VSe2 monolayers[END_REF], (g) from [START_REF] Sumida | Short-range magnetic interaction in a monolayer 1t-VSe2 film revealed by element-specific x-ray magnetic circular dichroism[END_REF] and finally (h), (i) from [START_REF] Chen | Unique gap structure and symmetry of the charge density wave in single-layer vse2[END_REF] (i) ARPES measurement of the momentum surface at Fermi energy, -50meV and -100meV for monolayer VTe 2 . (j) The corresponding surface of (i) from first-principles calculations.
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 11 Figure 1.1: Simplified picture of the Peierl's transition happening in a 1D chain.
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 12 Figure1.2: Plot of the Lindhard function for different system dimension with respect to x, defined above as the ration of the reciprocal lattice vector and the Fermi vector on the Fermi Surface. Here the Fermi Surface Nesting is taken at q CDW = 2k F , hence the divergence is located at x = 2
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 13 Figure 1.3: (a) View of the two unit cell corresponding to two of the phases of TMD, the metal atom is blue ( respectively green ) for the 1T phase ( resp. 2h phase ), and the chalcogen layer is orange; (b) Side view and top view of the fewlayer TMD compound of the 1T phase and the 2H phase (c) Picture of the distribution of valence electrons between bonds in an octohedral TMD unit cell. These pictures were taken from [62].
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 14 Figure 1.4: Comparative energy splitting of the T ( resp. T antiprismatic ) phase with the e g and t 2g orbitals ( resp. e g ant and t 2g ant ) on one side and the H phase with a 1 , e and e orbitals; and their associated field splitting ∆ T ( same as for T antiprismatic ) and ∆ H respectively.
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 12 Figure 1.5: a) Energy bands of 1T-TaS 2 , using a 5 bands model, and orbital basis oriented along the metal-ligand axis, which is conventional basis. The two upper band are (almost) purely made of d x 2 -y 2 and d z 2 ( e g in blue ) and the three lower bands are made of the triplet d xy , d yz and d xz (t 2g in red ). b) Energy bands of 1T-TaS 2 , using a 5 bands model, and orbital basis oriented as for the 1H phase compound. Strong hybridization between the set of bands occurs. Taken from[START_REF] Pasquier | Crystal field, ligand field, and interorbital effects in two-dimensional transition metal dichalcogenides across the periodic table[END_REF] 
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 162 Figure 1.6: Upper Panel : Isovalue plots of the five d orbitals using Wannier functions of 1T-TaS 2 in a 13 bands spd model (a), 11 bands pd model (b) and 5 bands d model (c). Lower Panel : Isovalue plots of the five d orbitals using Wannier functions of 1H-TaS 2 in a 13 bands spd model (a), 11 bands pd model (b) and 5 bands d model (c).Taken from[START_REF] Pasquier | Crystal field, ligand field, and interorbital effects in two-dimensional transition metal dichalcogenides across the periodic table[END_REF] 
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 1733 Figure 1.7: (a) Representation of the 1T phase lattice structure corresponding to VSe 2 and its the monolayer structure , (b) STM topography image of 4 × 4 CDW in the bulk VSe 2 ( V = -0.2V, I = 0.2nA, T= 5K ) the dashed line represent the CDW unit cell, (c) R-T (black line: left axis) and dR/dT-T (red line: right axis) curves of VSe 2 bulk crystal. (d) and (e) STM topography image of respectively √ 3 × √ 7 and 4 × √ 3 CDW domain in monolayer VSe 2 on bilayer graphene and on c-sapphire respectively ( V = 0.5V, I = 30pA, T = 79K ; Z = 6.25 MΩ, I = 4nA, T = 4K), (f ) Schematic representation of the √ 3 × √ 7 CDW pattern of monolayer VSe 2 . (g) XAS spectra of VSe 2 confirming the absence of long range ferromagnetic order. (h) and (i) ARPES measured Fermi surface at 10K of respectively Bulk VSe 2 and monolayer VSe 2 on bilayer graphene. One can see the hexagonal electron pockets centered around the M point. (j) Schematic representation of the Fermi surface for bulk VSe 2 , exhibiting hole pockets for the M points, which are the support for 4 × 4 CDW Fermi Surface nesting vectors (q 1,q 2 & q 3 ). (a) and (j) come from[START_REF] Wang | Controllable phase transitions between multiple charge density waves in monolayer 1t-VSe2 via charge doping[END_REF], (b) from[START_REF] Jolie | Charge density wave phase of VSe2 revisited[END_REF], (c) has been extracted from[START_REF] Yang | Thickness dependence of the charge-density-wave transition temperature in VSe2[END_REF], (d) from[START_REF] Duvjir | Multiple charge density wave phases of monolayer VSesub2/sub manifested by graphene substrates[END_REF], (e) from[START_REF] Zhang | Strain engineering a 4ax √ 3a charge-density-wave phase in transition-metal dichalcogenide VSe2[END_REF], (f ) from[START_REF] Mariel Coelho | Charge density wave state suppresses ferromagnetic ordering in VSe2 monolayers[END_REF], (g) from[START_REF] Sumida | Short-range magnetic interaction in a monolayer 1t-VSe2 film revealed by element-specific x-ray magnetic circular dichroism[END_REF] and finally (h), (i) from[START_REF] Chen | Unique gap structure and symmetry of the charge density wave in single-layer vse2[END_REF].
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 18323 Figure 1.8: (a) STM topography image of 2 × 1 lattice distortion in the few layer VTe 2 ( V = 0.5V, I = 1.4nA, T= 300K ) , (b) STM topography image of different 2 × 1 domain in few layer VTe 2 ( V = 0.4V, I = 1.1nA, T = 300K ), (c) representation of the 1T phase for corresponding to the monolayer VTe 2 and the 1T' distorted phase corresponding to the few layer VTe 2 compound. (d) STM topography image of a grain boundary with 4 × 1 and 4 × 4 CDW domain in the monolayer VTe 2 ( V = -0.1V, I = 1.2nA, T = 78 K), (e), (f ), (g) STM topography image of respectively 5 × 1, 4 × 4 and 2 √ 3 × 2 √ 3 CDW domain in the monolayer VTe 2 at 78 K ( respectively V = -10mV, I = 2.0nA ; V = -10mV, I = 2.8nA ; V = -0.1V, I = 1.2nA ), (h) XAS and XMCD spectra of VTe 2 . No appreciable XMCD was detected in applied magnetic fields of either 3 or 5 T, suggesting no intrinsic magnetism of the VTe 2 monolayer. (i) ARPES measurement of the momentum surface at Fermi energy, -50meV and -100meV for monolayer VTe 2 . (j) The corresponding surface of (i) from first-principles calculations. (k) Schematic representation of the Fermi surface for monolayer VTe 2 , exhibiting triangle arcs around the K points, which are the support for 4 × 4 CDW Fermi Surface nesting vectors (q 1 ) (a), (b), (c) and (h) extracted from[START_REF] Mariel Coelho | Monolayer modification of VTe2 and its charge density wave[END_REF], (d), (e), (f ), (g) from[START_REF] Liu | Multimorphism and gap opening of charge-density-wave phases in monolayer VTe2[END_REF] and (i), (j), (k) from[START_REF] Wang | Evidence of charge density wave with anisotropic gap in a monolayer vte2 film[END_REF] 
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 19 Figure 1.9: (a)Structure of a trilayer 2H MoS 2 compound, (b) Band calculation of the 1T' MoS 2 phase being metallic at the Γ point and on the left panel, the distorted structure of 1T' MoS 2 , (c) Representation of the Nb substitution in 2H MoS 2 phase and below, gate voltage (Vg) dependence of a channel current of multilayer MoS 2 Nb and undoped MoS 2 devices at a bias voltage (Vds) of 1 V. Ti/Au was used for the source (s) and drain (d) contacts. Pure MoS 2 has a higher resistance due to the n shift of the gap. (d) Calculated structure for MoS 2 compounds of different thickness, solid arrow indicates the lowest energy transition. One may see the indirect bulk bandgap going to direct gap in monolayer. (e) Left panel : STM image of the unoccupied states (V = +1.9 V) with the atomic configuration superimposed (yellow/blue spheres represent S/Mo atoms) for a Mo vacancy. The corresponding projected electronic DOS are represented below ; Right panel : STM images of the corresponding unoccupied states, calculated at V = +1 V for a sulfur vacancy in a MoS 2 monolayer and the orbital contributions to the atomic DOS in the Mo atoms around the vacancy is shown below, The gap ( from 0V to 2V ) contains deep states in both cases. (f ) Optical micrograph of large-scale chip of MoS 2 devices and circuits using CVD graphene as electrodes and interconnects (white dashed box) as well as control devices and circuits using Ti/Au electrodes in adjacent (red dashed box). Metal pads (gold color) are fabricated on the sample for convenient measurement. The scale bar is 500 m. (g)Electrostatic force microscopy phase image of a monolayer MoS 2 showing the difference between locally patterned 2H (bright colour) and 1T (dark colour) phases. Scale bars is 1 µm. (h) Representation of a MoS 2 monolayer channel for photo-detector application. (a) is from [137] (b) from[START_REF] Nourbakhsh | MoS2 field-effect transistor with sub-10 nm channel length[END_REF], (c) from[START_REF] Suh | Doping against the native propensity of MoS2: Degenerate hole doping by cation substitution[END_REF], (d) from[START_REF] Splendiani | Emerging photoluminescence in monolayer MoS2[END_REF], (e) from[START_REF] González | Theoretical characterisation of point defects on a MoS2 monolayer by scanning tunnelling microscopy[END_REF], (f ) from[START_REF] Yu | Graphene/MoS2 hybrid technology for large-scale two-dimensional electronics[END_REF], (g) from[START_REF] Kappera | Phase-engineered low-resistance contacts for ultrathin MoS2 transistors[END_REF] and (h) from[START_REF] Kufer | Highly sensitive, encapsulated MoS2 photodetector with gate controllable gain and speed[END_REF] 
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 022 Thomas Fermi screening wave number and a 0 = and finally the coefficient A = β γ 1 e -unif C /(γφ 3 e 2 /a 0 ) -1 . As for, β, γ they are weak function of ζ and are most of the time replaced by their value at ζ = 0, β ≈ 0.066725 and γ ≈ 0.031091. Then for the Exchange energy, the function F X (s) yields :

Figure 2 . 1 :

 21 Figure 2.1: (a) Quantum Corral representation, first made by Meyer from [172] (b) Spin polarized 3D rendered topographic image (200nmx200nm) of Fe nanostripes taken with a Tungstene Gd-coated tip. Taken from[START_REF] Wiesendanger | Spin mapping at the nanoscale and atomic scale[END_REF] 

Figure 2 . 2 :

 22 Figure 2.2: Picture of bare STM and its main component taken out of vacuum, which is kind of scary.

Figure 2 . 3 :

 23 Figure 2.3: Simplified drawing of the interaction between the user command and the STM elements.

Figure 2 .

 2 Figure 2.4: (a) STM in Surface Science lab in Taiwan. At the front one can see both the STM and MBE chamber connected by vacuum sections. The preparation chamber and load lock are behind. (b) STM in STM lab in MPQ. The two main chamber are also connected with vacucum. Here we can see the filling of the Dewar with Helium on one side and Nitrogen on the other side.

Figure 2 . 5 :

 25 Figure 2.5: Simplified view of the tunnel junction of thickness L and at a potential V bias between two metal M and N. Φ M being the work function of the metal M

Figure 2 . 6 :

 26 Figure 2.6: Tersoff and Hamann approximation for the Tip Sample Tunneling model

Figure 2 . 7 :

 27 Figure 2.7: (a) Tip etching setup. The coil (cathode) is floating on the surface of the NaOH solution and surrounding the future apex of the tip (anode). (b) Schematic of the surface tension inside the coil. (c) Tip freshly etched and watched.

Figure 2 . 8 :

 28 Figure 2.8: Plot of a surface state amplitude along z direction in metal such as Au[START_REF] Bronsema | The crystal structure of vanadium ditelluride, v1+xTe2[END_REF] 

Figure 2 . 9 :

 29 Figure 2.9: (a) Approaching tip on the gold sample on STM stage in Paris. (b) DOS of Au(111) with Schokley state, the step at -0.5V.(c) Au(111) surface. One can see different terraces with small waves on it, which are surface reconstruction, so called herringbones ( V = 1V, I=100pA, 80nm x 80nm )
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 210211 Figure 2.10: Description of a single alkali rod as on the SAES brochure

Figure 2 .

 2 Figure 2.12: (a) Plasma source with Nitrogen gas flow set above the preparation chamber in Paris. (b) C60 single molecule view. Ref : www.pourlascience.fr/tags/c60 (c) C60 crucible before inserting it in the STM chamber in Paris. The evaporation occurs upward.

Figure 2 .

 2 Figure 2.13: STM teaching time in Taiwan

  .1.d) such as a shoulder at -0.6V and attribute a p-like character to it. It also confirms the d nature of the previously observed peak in unoccupied states. However they found a dubious gap and extract the value of 2∆ = 24meV . To summarize, whereas all STM experiments so far unambiguously give a 4 × 4 periodicity for the CDW below ≈ 120K, the gap found in STS data remains unclear. However the d orbital like nature of the two peak observed around the Fermi level seems well established by DFT. Our study of pure VSe 2 aims to bring the analysis one step further.

Figure 3 . 1 :

 31 Figure 3.1: (a) STM topography image of the 4 × 4 CDW of bulk VSe 2 ( V = -0.2V, I = 0.5nA, 5.3 × 5.3nm 2 , T = 5K ) (b) High resolution contours of constant z-deflection of bulk VSe 2 at 4.2 K ( scale and parameters unknown ) (c) Comparison of the tight binding calculated DOS ( decomposed in p-like orbital in dark blue and d-like orbital in yellow ) and the STS spectrum (d) Normalized STS spectrum ( dI/dV / I/V ) (V = -1 V, I = 1nA, T=5K ), the CDW gap is supposed to be the dip at 0V. (e) Narrow range dI/dV STS of bulk VSe 2 and measurement of the CDW gap. (a), (c) and (d) taken from [99] ; (b) from[START_REF] Kim | A study of charge-density-waves associated with the periodic lattice distortion in 1t-vse2 using a low temperature scanning tunneling microscope[END_REF] and (e) from[START_REF] Wang | Spectroscopy of dichalcogenides and trichalcogenides using scanning tunneling microscopy[END_REF].

Figure 3 . 3 :

 33 Figure 3.3: (a) Calculated PDOS of 3 monolayer VSe 2 and using conventional d orbital axis orientation for 1T phase, i.e. along the metal-ligand bond, pictured on the top right. (b) Calculated PDOS of 3 monolayer VSe 2 and using 1H phase convention d orbital axis orientation, i.e. perpendicular to the lattice plane, pictured on the bottom right. Calculations made by Y.Dappe group in SPEC CEA Saclay.
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 18034323 Figure 3.4: (a) Constant current CITS slice of the charge density wave in bulk 1T VSe 2 ( V = 0.5 V , T = 4K ), (b) Voltage dependent corrugations of the conductance signal. The bright areas indicate a higher DOS compared to dark areas. White arrows indicate the maxima of the two different CDW modulation around 0.7 V. (c) Profil line in three region of (b) as indicated. Taken at 24mV ( black ), 0.22 V ( red ), 0.66V ( purple ) and 0.825V ( green ). (d) The top spectrum consists of two STS taken on the top ( black ) and at the bottom ( red ) of the CDW in bulk VSe 2 at 4K. CITS slices whose energy correspond to the position of the peaks are displayed below ( at respectively from left to right, -47 mV, 612 mV and 824 mV )linked with an arrow to its position in the STS . The blue dots are superimposed to the CDW maximum at -47mV.
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 354 Figure 3.5: (a) STM topography image of the VSe 2 surface after Rubidium deposition with a high density ( V = -1V, I = 100pA, 100×100 nm 2 , T = 4K ) (b) STM topography image of Lithium adatom pattern on the VSe 2 with superimposed mesh fitting the 4×4 CDW ( V = -0.1V, I = 100pA, 20×20 nm 2 , T = 4K ). (c) STM topography image of Rubidium adatom pattern on the VSe 2 surface, with a low density ( V = -1V, I = 50pA, 20×20 nm 2 , T = 4K ). (d) Line scan of the red line in (c). (e-g) STM topography images of deposited potassium adatoms on VSe 2 surface. The images are taken one after the other so that we may see the move of the adatoms. (V = 2V, I=5pA, 10×10 nm 2 , T=4K )
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 364 Figure 3.6: (a) The structure of the Na-induced CDW. The periodicities found in the STM image are indicated by thin dashed lines. This structure can also be considered as an octahedral structure (λ 1 ≈ 0.99 nm, λ 2 ≈ 0.68 nm and ≈ 70 o , rotated 20 o counterclockwise with respect to the atomic lattice. (b) Overview STM image ( 46 × 46 nm 2 , V = -366 mV, and I = 0.473 nA ) of a Na island with the 4 × 4 CDW out of the island ( 7 × 7 nm 2 , V = 189 mV and I = 0.789 nA ) , and the Na induced CDW ( 7 × 7 nm 2 , V = -161 mV and I = 1.933 nA ). The cut have been done along the white bars on their respective CDW image. (c) Spectra taken at 60 K, A is pure VSe 2 with energy gap of 80 meV, B is the Na intercalated region STS (gap of 230 meV) and C is the STS in non intercalated areas of VSe 2 . Images have been taken from[START_REF] Ekvall | Locally modified charge-density waves in na intercalated VSe2 studied by scanning tunneling microscopy and spectroscopy[END_REF] 

  3.7b) in the non intercalated part. These two periodic features can be clearly seen in the Fourrier transform (Fig. 3.7.c). This 4×4 pattern corresponds to the known CDW pattern of bulk VSe 2 . On the intercalated part, a new CDW order appears with a unit cell of 5.85 Å × 8.28 Å with a small tilt angle of 16 • with respect to the atomic lattice. Considering the VSe 2 lattice parameter of 3.3 Å, this periodicity corresponds to a √ 3 × √ 7 pattern (1.015 √ 3 × 0.95 √ 7 exactly, respectively a and b vector on Figure 3.7d.
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 374 Figure 3.7: (a) Constant current image of an Na island on VSe 2 (V=1V, I=20 pA) ; (b) Constant current image of the 4 × 4 VSe 2 CDW (V=0.6mV, I=2.7nA) and (c) its Fourier Transform ; (d) Constant current image of the √ 3 × √ 7 CDW on top of the island (V=1V, I=50pA ), processed with threshold filtering and (e) its Fourier Transform.

Figure 3 . 8 :

 38 Figure 3.8: (a) Constant current image of Na island (bright area ), (V=1V, I=100pA). (b) STS spectra between -1V and 1.5V on ( resp. out of ) the Na island, indicated by black (resp. red ) cross on (a). (c) Na intercalated 3 monolayer 1T VSe 2 cell used for Löwdin charge calculation and NaVSe 2 bulk DOS. Cell made by Y.Dappe group in CEA Saclay.
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 4 CHAPTER III PROPERTIES OF NA INTERCALATED VSE23.Na doped VSe 2 study

Figure 3 . 9 :

 39 Figure 3.9: (a) Calculated phonon dispersion relations for monolayer 1T VSe 2 grown on Bilayer graphene on 6H-SIC(0001). The potential nesting vector are the one noted on the figure. (b) STM image of the √ 3 × √ 7 CDW pattern on VSe 2 monolayer ( V and I unknown, 5 × 5 nm 2 ), (c) STS of the 1T VSe 2 monolayer. A gap of 52mV is reported. (a) and (c) are taken from [206]. (b) from [90].

Figure 3 . 10 :

 310 Figure 3.10: (a) Large view of single monolayer sample on bilayer graphene on SiC. ( V = 1 V I = 100 pA, 100 nm × 100 nm), (b) VSe 2 monolayer √ 3 × √ 7 CDW pattern (V=-0.1V, I=200pA, 8 nm × 8 nm). The green rectangle shows the atomic unit cell and the red rectangle stands for CDW cell (c) STS spectrum of 1T VSe 2 monolayer.

Figure 3 . 11 :

 311 Figure 3.11: (a) STS spectrum between -1V and 1.5V on ( resp. out of ) the Na island, indicated by black (resp. red ) cross on the inset. Inset : Constant current image of Na island (V=1V, I=100pA). The monolayer spectrum is also displayed for comparison. The Na island STS first peak shifts below Ef as would the one for the monolayer. (b) Total DOS of the Na VSe 2 cell (green) compared with the previous total DOS of pure T phase VSe 2 3 monolayers (red) and the pure 1T-VSe 2 monolayer (black). (c) Calculated DOS at Fermi level for bulk VSe 2 projected on the d z 2 orbital. Color scale represents the DOS. (b-c) have been made by Y.Dappe group in SPEC CEA, Saclay.
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 3124 Figure 3.12: (a) Edge state STS taken on the Na island edge point indicated by the green cross in the inset (V=1V, I=100pA) (b -c) Constant current image of an Na island (V=1V, I=400pA) and (c) the 1D conductance map along the corresponding line on (b), (d -e) Constant current image of a Na island (V=1V, I=200pA) and its corresponding conductance map at 0 energy on the same area. (f ) 2 × 50 trilayer intercalated NaVSe 2 unit cell. (g) Charge difference with respect to the undopped VSe 2 lattice across the junction displayed in (f ). (f-g) have been made by Y.Dappe group in SPEC, CEA Saclay.

Figure 3 . 14 :

 314 Figure 3.14: (a) Unit cell used for the Na intercalated VSe 2 ( 20×1 ) model (b) Distribution of the potential difference between intercalated cell and pristine cell. The blue, red, and green regions indicate the Na-island part, Na-island edge part, and pristine part of VSe 2 layers, respectively. The cyan and yellow lobes represent the positive and negative value of potentials. the black arrows stand for the dipoles axis of the top Se layer. These calculations have been done by Pr.Chou in Tsing Hua University in Hsinchu, Taiwan.
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 241 Figure 4.1: (a) STM image of a nitrogen dopant in graphene on SiC ( V = 0.5V, I = 0.7 nA ) (b) STS spectrum of different combination of substituted N on graphene. One may see the induced defect state, corresponding to the peaks below the pictures of the corresponding system. (c) Schematic of the covalent nitrogen doping in TMD compound upon N 2 plasma treatment. (d) Possible elements for substitution in the case of group VI TMDs. Element shaded in blue, green and pink are p-type, isoelectronic and n-type dopants respectively.Nitrogen has been surrounded in red. (a) is taken from[START_REF] Joucken | Electronic properties of chemically doped graphene[END_REF], (b) is taken from[START_REF] Tison | Electronic interaction between nitrogen atoms in doped graphene[END_REF], (c) from[START_REF] Azcatl | Covalent nitrogen doping and compressive strain in MoS2 by remote n2 plasma exposure[END_REF], (d) from[START_REF] Loh | Substitutional doping in 2d transition metal dichalcogenides[END_REF] 
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 42 Figure 4.2: (a -d) STM images of a nitrogen treated bulk VSe 2 surface at respectively -0.4 V, -0.1 V, 0.1 V and 0.5V ( I = 100 pA, 17 × 17nm 2 T = 4K ), the circle are marking the corresponding defect according to the color legend in (e) . (e) STM image containing the three defect type together, being linked to their description ( V = -1V, I = 10pA, T = 4K, 10×10 nm 2 ).
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Figure 4 . 3 : 2

 432 Figure 4.3: (a) STM topographic image of the type I defect ( V= -0.1V, I=200pA, 5×5 nm 2 , T = 4K) (b) profile line along the blue line in (a), (c) STS spectra taken on the pristine VSe 2 area and on the type I defect. (d) Representative scheme of the adatoms positions with respect to the underlying Se atoms ( in blue ) , and the associated theoretical length. (e-g) STM topographic image of the adatom with fast acquisition to avoid thermal drift. The three different positions of the defect can then be spotted on respectively red, blue and green dots. ( V = -50mV, I = 10 pA, 1.5×1.5 nm 2 , T = 4K ), (h) Tunneling current acquired at 0.2V bias as a function of time ( black ) and its fit signal ( blue ). (i) Mean yield as a function of set point current for the low level. (j) Mean yield as a function of bias for different level
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 2442 Figure 4.4: (a -b) STM topography image of the type II defect, respectively positive and negative bias. ( V = 0.2V, I = 2.5nA, 3x3 nm 2 , T = 4K and V = -0.1V, I = 200pA, 3x3nm 2 , T = 4K ) (c), STS spectrum of the type II defect (red) plotted with pristine VSe 2 (black) for comparison.The red arrows at respectively from left to right -0.05 V, 0.04V and 0.22 V indicate the three peaks around Fermi level. (d-f ) Small range STS of the type II defect respectively at the center of the dark ring (blue), on the edge of the dark ring (orange) and on the pure VSe 2 area (purple) (g) STM topography image of the type II defect with tip positions of the STS in (d-f ) ( V = -0.5V, I = 500pA, 3x3nm 2 , T = 4K)
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 452 Figure 4.5: (a) STM topographic image of the Type II defect showing at strong peak in its DOS around Fermi energy ( V = -1V, I = 50 pA, 4x4nm 2 , T = 4K ). (b) STS spectrum of the type II defect variation with a sharp peak at zero energy. (c) STM image of two defects with bright feature inside the dark ring ( V = -1V, I = 100 pA, 4x4nm 2 , T = 4K ), (d) STS spectrum of the Type II defect with a guest species.
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 462 Figure 4.6: (a -b) STM topography image of the type III defect ( circled in red ), respectively negative and positive bias. ( V = -1V, I = 200 pA, 11x11 nm 2 , T = 4K and V = 1V, I = 200pA, 11x11nm 2 , T = 4K ). The central defect ( circled in blue ) is a type II defect for behavior comparison. (c) STS spectrum of the type III defect.

  4.7.a ). Highly defective area show in general p-type doping of the spectrum ( Fig.4.7.b ), shifting the Fermi energy closer to the valence band. The opposite behavior ( n-type doping ) is also seen ( Fig.4.7.d,e and f ), bringing down the conduction band start to 0V but is also accompanied with some low DOS at negative bias, which suggests that Tip Induced Band Bending (TIBB) occurs. Last, some area show simply no DOS at negative bias and a Fermi level strongly downshifted ( Fig.4.7.c). The reason of this remains unclear but may be the results of some charge trapping mechanism. Overall these observations are very close to what we found in our experiment and demonstrate that the electronic properties of MoS 2 at the nanoscale are governed by the defects.
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 47 Figure 4.7: (a -f ) Bulk 2H MoS 2 STS spectra and their associated STM image ( conditions are unknown ) exhibiting intrinsic n-type doping behaviour (a), p-type induced doping (b) flat valence band (c), various n-type doping (d-f ). (g) STM image of the top layer S vacancies defect ( V = -150mV, I = 1.5 nA, T = 300K ), (h) STM image of the subsurface layer S vacancies defect ( V = 150mV, I = 1.5 nA, T = 300K ) and (i) STM image of some adsorbed impurities ( V = -200mV, I = 0.5 nA, T = 300K ). Figures taken from[START_REF] Addou | Surface defects on natural MoS2[END_REF] 
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 48 Figure 4.8: (a) STM image of an atomic resolution of the MoS 2 ( V = 0.4V, I = 130pA, 13×13 nm 2 , T = 77K ) . Lattice parameters in the three crystal directions have been measured by FFT. (b) Statistics of 40 STS spectra taken on defect free area of bulk MoS 2 . The measured average for the VB maximum and CB minimum and the gap have been shown. (c) dI/dV spectrum taken in the defect free region, with black bars indicating the gap edges. (d) Evolution of the position of the VB maximum, CB minimum and the gap width in different areas.

Figure 4 . 9 :

 49 Figure 4.9: (a) STM image of an area of MoS 2 with defect ( V = 2V, I = 100pA, T = 77K ). (b -g) Atomic resolution of two different kind of defect at different bias ( successively V = 1.5V, 0.6V, 0.45V, -1.5V, -1V and -0.9V, I = 100 pA, T = 77K ) (h) dI/dV spectrum taken in a first defect region corresponding to the zone in (a). (i) dI/dV spectrum taken in a second defect region, the conduction band is there highly shifted.

Figure 4 . 11 :

 411 Figure 4.11: (a) Electronic DOS for a N atom substituting a sulfur atom in single layer MoS 2 and for defect-freee MoS 2 (red). The arrow points to the position of a very sharp defect state. (b) Corresponding simulated STM image with the Fermi level located at the bottom of the conduction band and a 2 V tip sample bias, with the STM tip 4 Åfrom the surface with (right) and without (left) the atomic structure overlaid. (c) STM topography image of a N defect in MoS 2 with atomic structure overlaid ( V = 2V, I = 50pA, T = 77K, 7×7 nm 2 ) (a) and (b) are extracted from [223].

Figure 4 . 12 :

 412 Figure 4.12: (a) Schematic representation of the C 60 masks process for creation of a P-N junction in MoS 2 . The brown hexagon represents a C 60 island whereas the blue dots stands for nitrogen impurities. (b) STM topography image of a 3D like cluster of freshly deposited C 60 at 77K. ( V = 2.5V, I = 10 pA, 100×100 nm 2 , T = 77K ) (c) STM topography image of an area with reconstructed C 60 island ( masks ) after few hour rest at RT ( V = 2.5V, I = 10pA, 200×200 nm 2 , T = 77K ) . (d) STM topography image zooming on a single C 60 island ( V = 2.5V, I = 10 pA, 100×100 nm 2 , T = 77K ), (e) Fast Fourier Transform of (d), the smallest hexagonal pattern corresponds to the C 60 lattice periodicity. (f ) STM topographic image of the surface after exposure to N plasma with C 60 masks on it ( V = 2.5V, I = 20pA, T = 77K, 100×100 nm 2 )
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 5152 Figure 5.1: (a) Calculated phonon dispersion for 1T phase monolayer VTe 2 . In red are the band with frozen phonon (b) STM image of the 4 × 4 CDW phase in monolayer VTe 2 ( unknown conditions T = 20K ) (c) STM image of sub monolayer coverage VTe 2 sample with two different phases.(V = -2.6V, I = 0.01 nA, T = 78K ) (d) dI/dV spectra taken between -0.6V and 0.6V on the 4 × 4 CDW phase. (e) Fast Fourier transform of (f ). Dashed circle are showing the missing spot to respect the 3 fold rotational symmetry. (f ) STM image of the 4 × 4 CDW of monolayer VTe 2 ( V = 50mV, I = 0.5 nA, T = 78K ). The white arrows are showing the atomic line with surprisingly high corrugation, favoring a particular direction. (a) and (b) are taken from [107]. (c) and (d) are taken from [108]. (e) and (f ) are taken from [230].
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 532 Figure 5.3: (a) dI/dV spectrum of the VTe 2 monolayer on bilayer graphene on SiC similar on both 4×4 or 4×1 CDW phase. (b) Small range dI/dV spectrum of VTe 2 monolayer (c) Statistical anaysis of the 9 peaks observed in (a). (d) Calculated total DOS of VTe 2 monolayer cell. (e) Projected DOS of (d) on the d orbitals of the vanadium atom with a z axis set along the out-of-plan direction. (d) and (e) are made by Y.Dappe team in SPEC, CEA, Saclay.
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 54 Figure 5.4: (a) STM topographic image of the area used for the CITS. ( V = 0.5 V, I = 100 pA, T = 4K, 10×10 nm 2 ). (b -d) CITS slices at respectively -0.17 V, 0.29 V and 0.84 V. The blue and red lines are at the same xy positions in each CITS image.
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 553 Figure 5.5: (a-c) STM topographic images of VTe 2 monolayer with two different CDW pattern, (a) has a 4×1 CDW, (b) has a 4×4 CDW after a first switch, (c) is after switching back to the 4×1 CDW. The tip position to do STS which optimally triggers switch has been marked by a red cross. The blue arrow shows a nearby impurity as a benchmark. ( V = 0.5V, I = 100pA, T = 4K, 15×5 nm 2 ) (d-g) STM topographic images of VTe 2 monolayer, showing another switching sequence. ( V = 0.5V, I = 100pA, T = 4K, 30×20 nm 2 ). The dark blue circle indicates the area mentionned in the main text.
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 563 Figure 5.6: (a) Tunneling current with two level of current at (red) and its numerical fit (blue) taken at the red cross in (b). (b) STM topographic image of the fuzzy area with a defect nearby ( V = 0.8V, I = 200pA, 10×3 nm 2 , T = 4K ). (c) Plot of the Mean yield as a function of the bias performed with the tip position at the red cross in (b). (d) Plot of the Mean yield of the switch as a function of the current of the low state.
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 5357 Figure 5.7: (a) Numerical calculation of the total density of state on the Fermi surface of 1T VTe 2 monolayer with scale in the colorbar. (b) Numerical calculation of the phonon band energy plotted along the Γ-M-K-Γ segment of the Fermi Surface. These calculations have been made by Y.Dappe team in SPEC, CEA, Saclay.

1. 1 1 . 6 × √ 7 and 4 × √ 3

 1163 Simplified picture of the Peierl's transition happening in a 1D chain. . . . . . . 1.2 Plot of the Lindhard function for different system dimension with respect to x, defined above as the ration of the reciprocal lattice vector and the Fermi vector on the Fermi Surface. Here the Fermi Surface Nesting is taken at q CDW = 2k F , hence the divergence is located at x = 2 . . . . . . . . . . . . . . . . . . . . . 1.3 (a) View of the two unit cell corresponding to two of the phases of TMD, the metal atom is blue ( respectively green ) for the 1T phase ( resp. 2h phase ), and the chalcogen layer is orange; (b) Side view and top view of the fewlayer TMD compound of the 1T phase and the 2H phase (c) Picture of the distribution of valence electrons between bonds in an octohedral TMD unit cell. These pictures were taken from [62]. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.4 Comparative energy splitting of the T ( resp. T antiprismatic ) phase with the e g and t 2g orbitals ( resp. e g ant and t 2g ant ) on one side and the H phase with a 1 , e and e orbitals; and their associated field splitting ∆ T ( same as for T antiprismatic ) and ∆ H respectively. . . . . . . . . . . . . . . . . . . . . . . . 1.5 a) Energy bands of 1T-TaS 2 , using a 5 bands model, and orbital basis oriented along the metal-ligand axis, which is conventional basis. The two upper band are (almost) purely made of d x 2 -y 2 and d z 2 ( e g in blue ) and the three lower bands are made of the triplet d xy , d yz and d xz (t 2g in red ). b) Energy bands of 1T-TaS 2 , using a 5 bands model, and orbital basis oriented as for the 1H phase compound. Strong hybridization between the set of bands occurs. Taken from [63] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Upper Panel : Isovalue plots of the five d orbitals using Wannier functions of 1T-TaS 2 in a 13 bands spd model (a), 11 bands pd model (b) and 5 bands d model (c). Lower Panel : Isovalue plots of the five d orbitals using Wannier functions of 1H-TaS 2 in a 13 bands spd model (a), 11 bands pd model (b) and 5 bands d model (c). Taken from [63] . . . . . . . . . . . . . . . . . . . . . . . LIST OF FIGURES 1.7 (a) Representation of the 1T phase lattice structure corresponding to VSe 2 and its the monolayer structure , (b) STM topography image of 4 × 4 CDW in the bulk VSe 2 ( V = -0.2V, I = 0.2nA, T= 5K ) the dashed line represent the CDW unit cell, (c) R-T (black line: left axis) and dR/dT-T (red line: right axis) curves of VSe 2 bulk crystal. (d) and (e) STM topography image of respectively √ 3 CDW domain in monolayer VSe 2 on bilayer graphene and on c-sapphire respectively ( V = 0.5V, I = 30pA, T = 79K ; Z = 6.25 MΩ, I = 4nA, T = 4K), (f ) Schematic representation of the √ 3 × √ 7 CDW pattern of monolayer VSe 2 . (g) XAS spectra of VSe 2 confirming the absence of long range ferromagnetic order. (h) and (i) ARPES measured Fermi surface at 10K of respectively Bulk VSe 2 and monolayer VSe 2 on bilayer graphene. One can see the hexagonal electron pockets centered around the M point. (j) Schematic representation of the Fermi surface for bulk VSe 2 , exhibiting hole pockets for the M points, which are the support for 4 × 4 CDW
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 323 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 1.8 (a) STM topography image of 2 × 1 lattice distortion in the few layer VTe 2 ( V = 0.5V, I = 1.4nA, T= 300K ) , (b) STM topography image of different 2 × 1 domain in few layer VTe 2 ( V = 0.4V, I = 1.1nA, T = 300K ), (c) representation of the 1T phase for corresponding to the monolayer VTe 2 and the 1T' distorted phase corresponding to the few layer VTe 2 compound. (d) STM topography image of a grain boundary with 4 × 1 and 4 × 4 CDW domain in the monolayer VTe 2 ( V = -0.1V, I = 1.2nA, T = 78 K), (e), (f ), (g) STM topography image of respectively 5 × 1, 4 × 4 and 2 √ CDW domain in the monolayer VTe 2 at 78 K ( respectively V = -10mV, I = 2.0nA ; V = -10mV, I = 2.8nA ; V = -0.1V, I = 1.2nA ), (h) XAS and XMCD spectra of VTe 2 . No appreciable XMCD was detected in applied magnetic fields of either 3 or 5 T, suggesting no intrinsic magnetism of the VTe 2 monolayer.

  (j), (k) from [110] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 1.9 (a)Structure of a trilayer 2H MoS 2 compound, (b) Band calculation of the 1T' MoS 2 phase being metallic at the Γ point and on the left panel, the distorted structure of 1T' MoS 2 , (c) Representation of the Nb substitution in 2H MoS 2 phase and below, gate voltage (Vg) dependence of a channel current of multilayer MoS 2 Nb and undoped MoS 2 devices at a bias voltage (Vds) of 1 V. Ti/Au was used for the source (s) and drain (d) contacts. Pure MoS 2 has a higher resistance due to the n shift of the gap. (d) Calculated structure for MoS 2 compounds of different thickness, solid arrow indicates the lowest energy transition. One may see the indirect bulk bandgap going to direct gap in monolayer. (e) Left panel : STM image of the unoccupied states (V = +1.9 V) with the atomic configuration superimposed (yellow/blue spheres represent S/Mo atoms) for a Mo vacancy. The corresponding projected electronic DOS are represented below ; Right panel : STM images of the corresponding unoccupied states, calculated at V = +1 V for a sulfur vacancy in a MoS 2 monolayer and the orbital contributions to the atomic DOS in the Mo atoms around the vacancy is shown below, The gap ( from 0V to 2V ) contains deep states in both cases. (f ) Optical micrograph of largescale chip of MoS 2 devices and circuits using CVD graphene as electrodes and interconnects (white dashed box) as well as control devices and circuits using Ti/Au electrodes in adjacent (red dashed box). Metal pads (gold color) are fabricated on the sample for convenient measurement. The scale bar is 500 m. (g)Electrostatic force microscopy phase image of a monolayer MoS 2 showing the difference between locally patterned 2H (bright colour) and 1T (dark colour) phases. Scale bars is 1 µm. (h) Representation of a MoS 2 monolayer channel for photo-detector application. (a) is from [137] (b) from
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 1 (a) Quantum Corral representation, first made by Meyer from [172] (b) Spin polarized 3D rendered topographic image (200nmx200nm) of Fe nanostripes taken with a Tungstene Gd-coated tip. Taken from [173] . . . . . . . . . . . . 2.2 Picture of bare STM and its main component taken out of vacuum, which is kind of scary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.3 Simplified drawing of the interaction between the user command and the STM elements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.4 (a) STM in Surface Science lab in Taiwan. At the front one can see both the STM and MBE chamber connected by vacuum sections. The preparation chamber and load lock are behind. (b) STM in STM lab in MPQ. The two main chamber are also connected with vacucum. Here we can see the filling of the Dewar with Helium on one side and Nitrogen on the other side. . . . . . . 2.5 Simplified view of the tunnel junction of thickness L and at a potential V bias between two metal M and N. Φ M being the work function of the metal M . . 2.6 Tersoff and Hamann approximation for the Tip Sample Tunneling model . . . 3.4 (a) Constant current CITS slice of the charge density wave in bulk 1T VSe 2 ( V = 0.5 V , T = 4K ), (b) Voltage dependent corrugations of the conductance signal. The bright areas indicate a higher DOS compared to dark areas. White arrows indicate the maxima of the two different CDW modulation around 0.7 V. (c) Profil line in three region of (b) as indicated. Taken at 24mV ( black ), 0.22 V ( red ), 0.66V ( purple ) and 0.825V ( green ). (d) The top spectrum consists of two STS taken on the top ( black ) and at the bottom ( red ) of the CDW in bulk VSe 2 at 4K. CITS slices whose energy correspond to the position of the peaks are displayed below ( at respectively from left to right, -47 mV, 612 mV and 824 mV )linked with an arrow to its position in the STS . The blue dots are superimposed to the CDW maximum at -47mV. . . . . . . . . . 3.5 (a) STM topography image of the VSe 2 surface after Rubidium deposition with a high density ( V = -1V, I = 100pA, 100×100 nm 2 , T = 4K ) (b) STM topography image of Lithium adatom pattern on the VSe 2 with superimposed mesh fitting the 4×4 CDW ( V = -0.1V, I = 100pA, 20×20 nm 2 , T = 4K ). (c) STM topography image of Rubidium adatom pattern on the VSe 2 surface, with a low density ( V = -1V, I = 50pA, 20×20 nm 2 , T = 4K ). (d) Line scan of the red line in (c). (e-g) STM topography images of deposited potassium adatoms on VSe 2 surface. The images are taken one after the other so that we may see the move of the adatoms. (V = 2V, I=5pA, 10×10 nm 2 , T=4K ) . . 3.6 (a) The structure of the Na-induced CDW. The periodicities found in the STM image are indicated by thin dashed lines. This structure can also be considered as an octahedral structure (λ 1 ≈ 0.99 nm, λ 2 ≈ 0.68 nm and ≈ 70 o , rotated 20 o counterclockwise with respect to the atomic lattice. (b) Overview STM image ( 46 × 46 nm 2 , V = -366 mV, and I = 0.473 nA ) of a Na island with the 4 × 4 CDW out of the island ( 7 × 7 nm 2 , V = 189 mV and I = 0.789 nA ) , and the Na induced CDW ( 7 × 7 nm 2 , V = -161 mV and I = 1.933 nA ). The cut have been done along the white bars on their respective CDW image. (c) Spectra taken at 60 K, A is pure VSe 2 with energy gap of 80 meV, B is the Na intercalated region STS (gap of 230 meV) and C is the STS in non intercalated areas of VSe 2 . Images have been taken from [82] . . . . . . . . . . . . . . . . 3.7 (a) Constant current image of an Na island on VSe 2 (V=1V, I=20 pA) ; (b) Constant current image of the 4 × 4 VSe 2 CDW (V=0.6mV, I=2.7nA) and (c) its Fourier Transform ; (d) Constant current image of the √ 3 × √ 7 CDW on top of the island (V=1V, I=50pA ), processed with threshold filtering and (e) its Fourier Transform. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.8 (a) Constant current image of Na island (bright area ), (V=1V, I=100pA). (b) STS spectra between -1V and 1.5V on ( resp. out of ) the Na island, indicated by black (resp. red ) cross on (a). (c) Na intercalated 3 monolayer 1T VSe 2 cell used for Löwdin charge calculation and NaVSe 2 bulk DOS. Cell made by Y.Dappe group in CEA Saclay. . . . . . . . . . . . . . . . . . . . . . . . . . . 4.1 (a) STM image of a nitrogen dopant in graphene on SiC ( V = 0.5V, I = 0.7 nA ) (b) STS spectrum of different combination of substituted N on graphene. One may see the induced defect state, corresponding to the peaks below the pictures of the corresponding system. (c) Schematic of the covalent nitrogen doping in TMD compound upon N 2 plasma treatment. (d) Possible elements for substitution in the case of group VI TMDs. Element shaded in blue, green and pink are p-type, isoelectronic and n-type dopants respectively. Nitrogen has been surrounded in red. (a) is taken from [214], (b) is taken from [215], (c) from [219], (d) from [218] . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.2 (a -d) STM images of a nitrogen treated bulk VSe 2 surface at respectively -0.4 V, -0.1 V, 0.1 V and 0.5V ( I = 100 pA, 17 × 17nm 2 T = 4K ), the circle are marking the corresponding defect according to the color legend in (e) . (e) STM image containing the three defect type together, being linked to their description ( V = -1V, I = 10pA, T = 4K, 10×10 nm 2 ). . . . . . . . . . . . . 4.3 (a) STM topographic image of the type I defect ( V= -0.1V, I=200pA, 5×5 nm 2 , T = 4K) (b) profile line along the blue line in (a), (c) STS spectra taken on the pristine VSe 2 area and on the type I defect. (d) Representative scheme of the adatoms positions with respect to the underlying Se atoms ( in blue ) , and the associated theoretical length. (e-g) STM topographic image of the adatom with fast acquisition to avoid thermal drift. The three different positions of the defect can then be spotted on respectively red, blue and green dots. ( V = -50mV, I = 10 pA, 1.5×1.5 nm 2 , T = 4K ), (h) Tunneling current acquired at 0.2V bias as a function of time ( black ) and its fit signal ( blue ). (i) Mean yield as a function of set point current for the low level. (j) Mean yield as a function of bias for different level . . . . . . . . . . . . . . . . . . . 4.4 (a -b) STM topography image of the type II defect, respectively positive and negative bias. ( V = 0.2V, I = 2.5nA, 3x3 nm 2 , T = 4K and V = -0.1V, I = 200pA, 3x3nm 2 , T = 4K ) (c), STS spectrum of the type II defect (red) plotted with pristine VSe 2 (black) for comparison.The red arrows at respectively from left to right -0.05 V, 0.04V and 0.22 V indicate the three peaks around Fermi level. (d-f ) Small range STS of the type II defect respectively at the center of the dark ring (blue), on the edge of the dark ring (orange) and on the pure VSe 2 area (purple) (g) STM topography image of the type II defect with tip positions of the STS in (d-f ) ( V = -0.5V, I = 500pA, 3x3nm 2 , T = 4K) . . . 4.5 (a) STM topographic image of the Type II defect showing at strong peak in its DOS around Fermi energy ( V = -1V, I = 50 pA, 4x4nm 2 , T = 4K ). (b) STS spectrum of the type II defect variation with a sharp peak at zero energy. (c) STM image of two defects with bright feature inside the dark ring ( V = -1V, I = 100 pA, 4x4nm 2 , T = 4K ), (d) STS spectrum of the Type II defect with a guest species. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.11 (a) Electronic DOS for a N atom substituting a sulfur atom in single layer MoS 2 and for defect-freee MoS 2 (red). The arrow points to the position of a very sharp defect state. (b) Corresponding simulated STM image with the Fermi level located at the bottom of the conduction band and a 2 V tip sample bias, with the STM tip 4 Åfrom the surface with (right) and without (left) the atomic structure overlaid. (c) STM topography image of a N defect in MoS 2 with atomic structure overlaid ( V = 2V, I = 50pA, T = 77K, 7×7 nm 2 ) (a) and (b) are extracted from [223]. . . . . . . . . . . . . . . . . . . . . . . . . . 4.12 (a) Schematic representation of the C 60 masks process for creation of a P-N junction in MoS 2 . The brown hexagon represents a C 60 island whereas the blue dots stands for nitrogen impurities. (b) STM topography image of a 3D like cluster of freshly deposited C 60 at 77K. ( V = 2.5V, I = 10 pA, 100×100 nm 2 , T = 77K ) (c) STM topography image of an area with reconstructed C 60 island ( masks ) after few hour rest at RT ( V = 2.5V, I = 10pA, 200×200 nm 2 , T = 77K ) . (d) STM topography image zooming on a single C 60 island ( V = 2.5V, I = 10 pA, 100×100 nm 2 , T = 77K ), (e) Fast Fourier Transform of (d), the smallest hexagonal pattern corresponds to the C 60 lattice periodicity. (f ) STM topographic image of the surface after exposure to N plasma with C 60 masks on it ( V = 2.5V, I = 20pA, T = 77K, 100×100 nm 2 ) . . . . . . . . . 5.1 (a) Calculated phonon dispersion for 1T phase monolayer VTe 2 . In red are the band with frozen phonon (b) STM image of the 4 × 4 CDW phase in monolayer VTe 2 ( unknown conditions T = 20K ) (c) STM image of sub monolayer coverage VTe 2 sample with two different phases.(V = -2.6V, I = 0.01 nA, T = 78K ) (d) dI/dV spectra taken between -0.6V and 0.6V on the 4×4 CDW phase. (e) Fast Fourier transform of (f ). Dashed circle are showing the missing spot to respect the 3 fold rotational symmetry. (f ) STM image of the 4 × 4 CDW of monolayer VTe 2 ( V = 50mV, I = 0.5 nA, T = 78K ). The white arrows are showing the atomic line with surprisingly high corrugation, favoring a particular direction. (a) and (b) are taken from [107]. (c) and (d) are taken from [108]. (e) and (f ) are taken from [230]. . . . . . . . . . . . . . 5.2 (a) STM topography image of the VTe 2 monolayer ( V = 0.5V, I = 100pA, 100×100nm 2 ) (b) STM topography image of different VTe 2 CDW domain ( V = 0.5V, I = 100pA, 50×50nm 2 ) (c) STM topography image of two different domain together ( V = 0.15V, I = 20pA, 15×15nm 2 ) (d) STM topography atom resolved image of the 4×1 CDW pattern ( V = 0.5V, I = 50pA, 10×10nm 2
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  et al. found a different CDW on intercalated VSe 2 with a periodicity of 6.8 Å× 9.9 Å nearly corresponding to a 2×3 superstructure, considering a lattice parameter of 3.3 Å for VSe 2 . Recent progress in the preparation of atomically thin TMD layers allowed to obtain a monolayer VSe 2 , where a new CDW was measured with a √ 3 × √ 7 periodicity [94], which is notably different from the bulk phase. The link between intercalated bulk VSe 2 and monolayer VSe 2 is currently still lacking. CHAPTER III PROPERTIES OF NA INTERCALATED VSE2 3.2 Pure VSe 2 Study

  PROPERTIES OF NA INTERCALATED VSE2 3.2 Pure VSe 2 Study Vanadium 3d orbital. The degeneracy is respected with d xz , d yz and d x 2 -y 2 corresponding to the low t 2g and the remaining d z 2 and d xy , forming the high e g set 1

  .3.b. According to crystal field theory, a splitting of the d states is induced by the coordination of the metal atom with the surrounded chalcogen ligands. In the T-phase, an ideal octahedral environment should lead to a low energy three-fold degenerate t 2g state and a high energy two-fold degenerate e g state . However, in our chosen coordinates, the split orbitals are more similar to the conventional crystal field splitting in a 1H-type TMD monolayer. This is because VSe 2 is known to show a larger ratio ≈ 1.827 than the ideal c/a ratio of 1.633 (c: interlayer spacing, a: in-plane lattice constant)[START_REF] Wiegers | The characterisation of VSe2: A study of the thermal expansion[END_REF]. The local environment of V atom is thus trigonal antiprismatic like, and the splittings for trigonal prismatic (1H) and trigonal antiprismatic (1T) are similar. As a consequence, the orbital decomposition shows that the peak crossing the Fermi level is mainly composed of the vanadium d z 2 state, but also with some contributions of other orbital sets. The second peak around 1 eV has a d z 2 , d xy and d x 2 -y 2 character, while the third peak above 2 eV is made of d xz and d yz orbitals. This result is noticeably different from the expectation based on crystal field theory. The PDOS reported reveals 2 two-fold degenerate bands and one non degenerate band. This is due to a splitting of the t 2g state into a two-fold degenerate band (d xy , d x 2 -y 2 ) and a d z 2 band. Due to the orientation of this orbital, the d z 2 band crossing the Fermi level is expected to be quite sensitive to interlayer interactions. Therefore, the intercalation of foreign elements is expected to allow the realization of band engineering in this material, and more specifically to have an important effect on the peak crossing the Fermi level, as explored in the next section.

CHAPTER III PROPERTIES OF NA INTERCALATED VSE2 3.2 Pure VSe 2 Study

sometime misused in literature but these very good papers sort it out.

This approximation in the framework of charge density is quite fair, since no electron-electron interaction are included in the standard model of CDW, so that regular CDW is approximately a good electron gas. However, for some specific materials, such as TaS 2 in its monolayer form, being a Mott insulator, we must include some electron electron interaction in the Lindhard function and the upcoming simplification are no longer valid

For comparison purpose, graphene monolayer has an areal capacitance of 21µF/cm 2 , and RuO2 anchored on graphene reached the value of 1.1 F/cm 2[START_REF] Wang | Hydrous ruthenium oxide nanoparticles anchored to graphene and carbon nanotube hybrid foam for supercapacitors[END_REF], and polymer based supercapacitors have a lifetime of 10 000 cycles

This paper claimed a "large" magnetic moment for VSe 2 monolayer creating a hot topic around VSe 2 monolayer. However few weeks later, they published an erratum, saying that the SQUID had bad calibration. But the trend still remains.

This means iterating the process, by injecting again the final DOS in the external potential v s and solving again the one electron Schrodinger equation, until it converges to a set value of the density of states

HF functional is originally not, and is calculated from a fixed potential, determined by a fixed input DOS.

The original Sankey-Niklewski approach takes the atomic orbital wave function as a weighting function, causing some trouble in special cases with weird overlapping. However with such a definition, the expression of the expansion get greatly simplified and the exchange correlation potential matrix element are just the element of the potential evaluated at the average density plus some minor corrections.

Notice that there is an energy exchange between d xy and d x

-y 2 , due to a 45 o rotation of the orbitals in the plane perpendicular to the d z 2 orbital.

nm -1 e f

In order to reach a more detailed identification of this spectroscopic feature, DFT calculations have been performed by Yannick Dappe at CEA Saclay, of the total DOS and of the DOS projected on the bands derived from the five vanadium d orbitals on a three monolayer VSe 2 (4 × 4) unit cell accounting for the bulk VSe 2 . Density Functional Theory (DFT) calculations have been performed using the the very efficient DFT localized-orbital molecular-dynamics code as implemented in Fireball [START_REF] Lewis | Advances and applications in the fireball ab initio tight-binding molecular-dynamics formalism[END_REF][START_REF] Jelínek | Multicenter approach to the exchange-correlation interactions in ab initio tight-binding methods[END_REF][START_REF] Otto | Ab initio multicenter tight-binding model for molecular-dynamics simulations and other applications in covalent systems[END_REF][START_REF] Basanta | Optimized atomic-like orbitals for first-principles tight-binding molecular dynamics[END_REF]. In particular, it has been used to optimize the three-monolayer VSe 2 (4x4) structure, with or without sodium intercalation, and to determine the corresponding electronic structure. To this end, the structure has been optimized (keeping the bottom VSe 2 layer fixed in order to simulate the bulk below the three monolayers) until the forces went below 0.1 eV/Å. A set of 8 × 8× 1 k-points has been used for both structural optimization and Density of States (DOS) or charge transfer calculations. The conventional axis used for 1T-phase TMD [START_REF] Pasquier | Crystal field, ligand field, and interorbital effects in two-dimensional transition metal dichalcogenides across the periodic table[END_REF] along the metal-ligand bonding as shown in Fig. 3 The upward shift of LDOS indicates an apparent "p-doping" at the edge. It is anomalous since Na donates charge to VSe2. We argue as a possible explanation that the underlying cause of the aforementioned specific edge effect is due to near-field electrostatic gating that happens at the Na island edge. At this location, the (4 × 4) VSe 2 near the edge is adjacent to the ( √ 3 × √ 7) monolayer VSe 2 layer in which V atoms receive excess negative charge. To explore this effect, we construct a Na-intercalated trilayer model similar to Fig. 3.12.f. The DFT calculations of Fig. 3.14 were performed by using plane-wave based software Vienna ab-initio simulation package (VASP) [START_REF] Kresse | Ab initio molecular dynamics for liquid metals[END_REF][START_REF] Kresse | Efficient iterative schemes for ab initio total-energy calculations using a plane-wave basis set[END_REF]. A 20×1 VSe 2 supercell with three VSe 2 layers was used. The bottom VSe 2 layer was fixed to its bulk geometric and the rest atoms were allowed to relax. The energy cutoff of 520 eV for the plane-wave basis and 1×7×1 MonkhorstPack [START_REF] Monkhorst | Special points for brillouin-zone integrations[END_REF] gamma-centered k-point meshes for the Brillouin zone were used for the geometric and electronic calculations. The exchange-correlation functional was treated in the generalized gradient approximation with the Perdew-Burke-Ernzerhof (PBE) functional [START_REF] Perdew | Generalized gradient approximation made simple[END_REF]. The electronic configuration of Na, V, and Se in the VASP pseudopotentials are 2s 2 2p 6 3s 1 , 3d 4 4s 1 , and 4s 2 4p 4 , respectively. The semi-empirical van der Waal correction apart from the VB, but it can sometimes be present as a shoulder in the VB. Most of the measured defect exhibit it, but in a small fraction of them, we were unable to see it. One possible explanation is that the defect state is shifted inside the VB and its signature in STS is merged with the VB. On the other hand, for the CB, the determination of the position is more complex. As shown in the statistics in Fig. 4.10.g, whereas the VB maximum exhibits a Gaussian distribution centered at -1.41 V, the CB varies a lot from defect to defect, forming more likely a constant distribution. It ranges from about Fermi level to more than 1.5 V above Fermi energy with an average at exactly 0.7V. Besides, the measured minimum of CB is made difficult because the DOS is very weak at this point of the spectrum and raises with a weak slope too. One cannot attribute it to the intrinsic doping depending from the area, because the VB do not have such trend. This also rules out the reading error coming from the STS analysis. The graphic shown in Fig. 4.10.d is a chronology of the CB minimum position acquired STS. We see that the positions are coherent within a group of defect for a same zone, still with an amplitude of 0.3V.

In [START_REF] Dubey | Weakly trapped, charged, and free excitons in single-layer MoS2 in the presence of defects, strain, and charged impurities[END_REF], the author did some DFT calculations simulating a N substitution of the sulfur atom.

They predicted an in-gap state at 1. possibility might be to attribute it to surrounding defects that may affect the stability of the CDW. Also, the fact that the CDW domains have no regular shape might support the idea that it is indeed linked with a "random" defect distribution. In our aforementioned STM images as well as in the STM article images of the introduction, the visible defect density looks too small but it is difficult to estimate the lattice in plan defect both their density and their nature. To the best of our knowledge, we are not aware of any published work aiming to disclose the nature and the local electronic properties of the defect in VTe 2 monolayer, but it would be of great help in that regard. Besides, this sample contains also few bilayer regions. All of them exhibits 4×1 CDW only. This indicates that the Van der Waals bound between VTe 2 layers tend to favors this CDW. But we won't explore further such area as it is not our target in this study.
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