.1.2 (e)(f).

.1.3 shows the ZBR as a function of B for all junctions. For L=100nm, the ZBR oscillates with a large amplitude both for Gr/WS 2 and Gr/hBN, even near B=18000G. On the contrary, for L = 300nm, oscillations are strongly suppressed, especially for B > 5000G for Gr/hBN, while they persist for Gr/WS 2 even at higher fields. The difference is even more striking for the L = 500nm junctions. The oscillation amplitudes are considerably different already at a small field, and large oscillations
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Abstract :

Graphene is single-atom-thick layer of carbon atoms arranged in a honeycomb lattice, which has unique electronic properties caused by a linear energy dispersion. However, graphene display neither intrinsic magnetism nor spin orbit interaction (SOI). This PhD work describes attempting to induce SOI and magnetism by coupling graphene with transition metal dichalcogenides (TMDs) or specific molecules. In the first part, we found the persistence of a supercurrent induced by superconducting contacts even in high out-of-plane magnetic fields in samples coupled to TMD. We attribute this robustness to quasiballistic edge states stabilized by the strong SOIs induced in graphene by WS2. In the second part, we explored signatures of mesoscopic transport through graphene on which three different type molecules were grafted, to deduce the degree of magnetism induced by the molecules. In graphene covered by Feporphyrin molecules, magnetoresistance experiments show an important increase of phase coherence when temperature is decreased from 4K to 0.2K. This increase has the order of the T -0.5 dependence expected when phase coherence is exclusively limited by inelastic electron-electron interactions, which indicates that Fe-porphyrins do not generate large spin flip scattering on conduction electrons in graphene. The situation is different with TCNQ molecules deposited on graphene. In that case, a smaller increase of phase coherence is observed when temperature is reduced, which may suggests the spin flip scattering from induced magnetic moments. Lastly, the low temperature magnetoresistance of TbPc2 molecules grafted on graphene features universal conductance fluctuations (UCF) of a phase-coherent sample. Interestingly, these UCF display a magnetic field-dependent noise, which is highest at low temperature and low field. A noise spectrum with a 1/f dependence suggests magnetic two-level systems with a wide distribution of field-dependent relaxation times. This points to anisotropic Ising-like fluctuating magnetic moments on graphene whose characteristic energy barrier decreases with out-of-plane magnetic field.
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Nous attribuons la robustesse de ce supercourant à des états de bord quasi-balistiques, stabilisés par la forte interaction spin-orbite induite dans le graphène par le WS2. Dans la seconde partie, on étudie les signatures de transport mésoscopique à travers le graphène sur lequel trois types de molécules différentes ont été greffées pour en déduire le degré de magnétisme induite par ces molécules. Pour le graphène recouvert de molécules de Fe-porphyrins, des expériences de magnétorésistance montrent une croissance importante de la cohérence de phase quand la température est diminuée de 4K à 0.2K. Cette croissance est de l'ordre de la dépendance en T -0.5 attendue quand la cohérence de phase est seulement due aux interactions inélastiques entre électrons, nous indiquant donc que le Fe-porphyrin n'amène pas de diffusion renversant le spin aux électrons de conduction du graphène. Cette situation est différente avec les molécules TCNQ déposées sur le graphène. Dans ce cas, une croissance plus petite de la cohérence de phase est observée quand la température diminue ce qui suggère un spin flip scattering venant des moments magnétiques induits. Pour finir, la magnétorésistance à basse température des molécules de TbPc2 greffées sur le graphène montre les fluctuations de conductance universelle (UCF) d'un échantillon cohérent en phase. De façon intéressante, les UCF affichent un bruit dépendant du champ magnétique, qui est le plus élevé à basse température et à champ faible. Un spectre de bruit avec une dépendance en 1/f suggère des systèmes magnétiques à deux niveaux avec une large distribution de temps de relaxation dépendant du champ. Cela indique des moments magnétiques de type Ising, anisotropes et fluctuants, sur le graphène dont la barrière d'énergie caractéristique diminue avec le champ magnétique hors du plan.
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Chapter 1 Introduction

The natural two-dimensional material graphene has drawn much attention since its discovery in 2004. Currently, graphene is one of the most intensively studied materials. This one-atom-thick sheet of a continuous network of carbon atoms with a honeycomb pattern is thin, strong, and has high stiffness, as well as being an excellent heat and electrical conductor, which makes graphene to be considered a good candidate for many applications. Since the first experimental evidence of the electronic properties of graphene in 2004 [START_REF] Kostya S Novoselov | Twodimensional gas of massless dirac fermions in graphene[END_REF], the developed methods (exfoliation, CVD) of graphene preparation have helped the observation of many interesting properties of graphene, such as the quantum Hall effect [START_REF] Kostya S Novoselov | Unconventional quantum hall effect and berry's phase of 2π in bilayer graphene[END_REF][START_REF] Novoselov | Room-temperature quantum hall effect in graphene[END_REF], tunable carrier density and extremely high carrier mobility, etc. Graphene also exhibits other excellent electronic, mechanical, optical, and transport properties. Due to these special and superior properties, graphene has been used widely in many potential applications in capacitors, spintronic devices, fuel cells, conductive films, high-frequency devices, and flexible electronics [START_REF] Van Noorden | The trials of new carbon[END_REF][START_REF] Chandra | Water-dispersible magnetite-reduced graphene oxide composites for arsenic removal[END_REF][START_REF] Huh | Selective n-type doping of graphene by photo-patterned gold nanoparticles[END_REF][START_REF] Wi | Control of graphene field-effect transistors by interfacial hydrophobic self-assembled monolayers[END_REF].

Although there are many potential applications, graphene displays neither intrinsic magnetism nor a spin-orbit interaction (SOI). Therefore, there has been a great increase in the research on graphene's functionalization, including decorating graphene with many different methods. For example, graphene coupled with organic molecules Tetracyanoquinodimethane(TCNQ) has been proven capable of inducing magnetic moment on graphene [START_REF] Garnica | Long-range magnetic order in a purely organic 2d layer adsorbed on epitaxial graphene[END_REF], or a promising hybrid system to realize the spintronics applications by the intercalate of metallic film between graphene and substrate [START_REF] Coraux | Air-protected epitaxial graphene/ferromagnet hybrids prepared by chemical vapor deposition and intercalation[END_REF]. The graphene/transition metal dichalcogenides (TMDs) heterostructure is also an achievable method to generate a novel property in graphene [START_REF] Wang | Strong interface-induced spin-orbit interaction in graphene on ws2[END_REF][START_REF] Wakamura | Strong anisotropic spin-orbit interaction induced in graphene by monolayer ws 2[END_REF]. Thanks to the development of dry transfer techniques [START_REF] Frisenda | Recent progress in the assembly of nanodevices and van der waals heterostructures by deterministic placement of 2d materials[END_REF][START_REF] Wang | One-dimensional electrical contact to a twodimensional material[END_REF][START_REF] Dg Purdie | Cleaning interfaces in layered materials heterostructures[END_REF], it is now feasible to fabricate the desired heterostructure of graphene coupled with TMDs and the decoration of graphene through molecule beam epitaxy or drop-casting techniques. This Ph.D. work describes attempting to induce SOI and magnetism by coupling graphene with transition metal dichalcogenides (TMDs) or specific organic molecules.

Outline of the thesis

This thesis is written in 6 chapters. In the introduction, Chapter 1, we show only the main results from each work. The further experimental details are described in Chapters 4, 5, and 6. Chapter 2 explains the important theoretical concepts and physics in the thesis. Chapter 3 is related to the methods and techniques for fabricating 2D materials, TMDs, and heterostructure. Chapter 4 presents our work on spin-orbit interaction (SOI) enhanced robustness of supercurrent in Graphene/WS 2 Josephson Junctions. For Chapters 5 and 6, we explored signatures of mesoscopic transport through graphene on which three different types of molecules were grafted to deduce the degree of magnetism induced by the molecules. Last, in the Appendix, we address the TbPc 2 molecules preparation process, and the phase coherence of TbPc 2 grafted graphene using the same method as in chapter 5.

SOI Enhanced Robustness of Supercurrent in Graphene/ WS 2 Josephson Junctions

In this work, we demonstrate that SOIs can enhance the superconducting proximity effect in high out-of-plane magnetic fields in graphene-on-tungsten disulfide-based Josephson junctions. These junctions consist of graphene encapsulated between hexagonal boron nitride (hBN) and tungsten disulfide (WS 2 ), which induces strong SOIs in graphene via the proximity effect [START_REF] Ando | Berry's phase and absence of back scattering in carbon nanotubes[END_REF][START_REF] Wang | Strong interface-induced spin-orbit interaction in graphene on ws2[END_REF][START_REF] Wakamura | Strong anisotropic spin-orbit interaction induced in graphene by monolayer ws 2[END_REF][START_REF] Zihlmann | Large spin relaxation anisotropy and valley-zeeman spin-orbit coupling in wse 2/graphene/h-bn heterostructures[END_REF][START_REF] Wakamura | Spin-orbit interaction induced in graphene by transition metal dichalcogenides[END_REF]. The structure of the samples is shown in Figure 1.1.1. These junctions are in the diffusive limit. The junction lengths (L) range between 100 and 500nm from the short-to long-junction regimes. Although the junctions are diffusive, surprisingly, we find clear signatures of induced superconductivity with manifestations of a supercurrent even in magnetic fields in the Tesla range for the graphene-on-WS 2 junctions. By contrast, this behavior is not observed for graphene-on-hBN junctions outside the short ballistic regime, i.e., for lengths greater than L=200nm. We argue that this robustly induced superconductivity arises from quasi-ballistic trajectories along the sample edges, stabilized by strong SOIs induced in graphene by WS 2 .

Characterization in high field

To investigate the induced superconductivity at high fields, we increased B around 1T (10000G) and similarly measured dV/dI as a function of Idc and B. and Gr/hBN junctions, respectively. The suppressed dV/dI at low Idc, signature of an induced superconducting proximity effect, is clearly visible for the Gr/W S 2 junctions of every length but only for the shortest Gr/hBN junction. In (g), the peak (or bump) of dV/dI for Gr/hBN is located out of the range of Idc in the measurement, and in (h) [(i)], the dV/dI for Gr/hBN (Gr/WS 2 ) is vertically shifted to compare to that for Gr/WS 2 (Gr/hBN). The residual resistance around 50 at Idc = 0 for (a)-(i) arises from the measurement wires. The dashed line in (g) represents the value of Idc, which defines Ic. Recently, the utilization of magnetic molecular junctions as spin transport channels is a novel research field for molecular spintronics [START_REF] Liu | Magnetic proximity, magnetoresistance and spin filtering effect in a binuclear ferric phthalocyanine from first principles[END_REF][START_REF] Zhang | Perfect dual spin filtering effect and large magnetoresistance in all-carbon devices based on c18 cyclo molecule from first principles[END_REF]. A lot of experimental and theoretical research results proposed that organic materials provide great performance in spintronic devices [START_REF] Szulczewski | A spin of their own[END_REF][START_REF] Sanvito | Molecular spintronics[END_REF]. One of the potential candidates among the organic materials is magnetic porphyrin, such as iron-porphyrin (FeTPP) or platinum-porphyrin (PtTPP). The metal complexes of porphyrins offer a wide range of valuable properties, such as conjugated bond structure, well-ordered geometry, and chemical stability [START_REF] Uck | The role of aromaticity and the π-conjugated framework in multiporphyrinic systems as single-molecule switches[END_REF]. The relatively high spin filtering behavior has been proven in previous theoretical studies in FeN 4 complexes grafted to graphene nanoribbons or carbon nanotubes [START_REF] Huang | A theoretical study of spin-polarized transport properties of planar four-coordinate fe complexes[END_REF][START_REF] Huang | Efficient spin filter based on fen4 complexes between carbon nanotube electrodes[END_REF]. The FeTPP was also used in gas sensing devices due to the controllable electronic current by changing the chemical composition of molecular junctions [START_REF] Toyoda | Theoretical investigation of chemical spin doping into single porphyrin junctions toward ultrahigh-sensitive nitric oxide sensor[END_REF].

For the TCNQ/Graphene/Ru(0001) system, a study found that the molecules adsorbed on the lower parts of the ripples are charged, but those adsorbed on the upper part of the ripples are not [START_REF] Maccariello | Spatially resolved, site-dependent charge transfer and induced magnetic moment in tcnq adsorbed on graphene[END_REF]. In addition, the TCNQ molecules are not magnetic when adsorbed on the lightly p-doped graphene/Ir [START_REF] Hj Suominen | Anomalous fraunhofer interference in epitaxial superconductor-semiconductor josephson junctions[END_REF] substrate. The charge transfer process from gr/Ru(0001) substrate has been proven important to form the intermolecular bands in order to achieve long-range magnetic order in these purely organic 2D materials [START_REF] Maccariello | Spatially resolved, site-dependent charge transfer and induced magnetic moment in tcnq adsorbed on graphene[END_REF]. In a nutshell, TCNQ/Graphene/Ru(0001) system is proven to induce magnetic moments and develop long-range magnetic order on TCNQ molecular layer. Here, we're interested in whether the TCNQ also induces magnetic moments on gated graphene.

Scheme of devices

The structure of the device is in Figure 1.2.1 (a). We measured the gate dependence for all samples at room temperature before and after the deposition of the molecules. In Figure 1.2.1 (b), the Dirac point is close to gate voltage 7V (black curve) before the deposition of FeTPP molecular layers, and it shifted 4V to 5V gate voltage after the deposition. This implies that charge transfer occurs between graphene and FeTPP, and molecules are the electron donors for graphene. Based on the previous study of Platinum porphyrins [START_REF] Li | Signature of gate-tunable magnetism in graphene grafted with pt-porphyrins[END_REF], we knew porphyrins could behave both as electron donors or acceptors, depending on the initial doping degree of the graphene sheet. Independently of this initial doping, the Dirac point of graphene is brought towards zero gate voltage: graphene has become neutral. The gate dependence measured in FeTPP grafted graphene at room temperature is similar to what was observed in the case of Pt porphyrins [START_REF] Li | Signature of gate-tunable magnetism in graphene grafted with pt-porphyrins[END_REF].

The TCNQ grafted graphene sample also shows a charge transfer from graphene to TCNQ and reveals that the TCNQ molecules are electron acceptors. before the TCNQ deposition, the Dirac point is located near 4V in gate dependence measurement, which means the graphene is naturally p-type doped. After the deposition of TCNQ layers on graphene, the Dirac point of the graphene has shifted further to the righ (+9V).. See in 1.2.1 (c) red curve. Contrary to FeTPP molecules, TCNQ is the electron acceptor to graphene, and graphene gains more holes as the majority after TCNQ deposition. From the study in scanning tunneling microscopy (STM) [START_REF] Garnica | Long-range magnetic order in a purely organic 2d layer adsorbed on epitaxial graphene[END_REF], TCNQ deposited on the epitaxy-grown graphene indicates TCNQ is the strong electron acceptor. The gate dependence measurement is the other evidence to confirm that the TCNQ molecules are electron acceptors from graphene. 

Phase coherence from Magneto-conductance data

In the applied out-of-plane field, the FeTPP grafted on the graphene sample has a back gate leaking problem. Thus we cannot apply gate voltage on this sample. Figure 1.2.2 (a) is the gate dependence before the leaking problem occurred, just to point out the 0V gate voltage in the hole doping area, still far from the Dirac point. In Figure 1.2.2 (b), the weak localization is clearly seen in 200mK, but it is suppressed when we increase the temperature to 4K. When we increase temperature, the dephasing time τ φ is deceased, which leads to the suppression of weak localization. Meanwhile, the phase coherence length is also decreased when we heat up the temperature. The graphene coated with FeTPP magnetoconductance experiments shows a significant increase in the phase coherence length determined from the analysis of weak localization expected when phase coherence is exclusively limited by inelastic electron-electron interactions, which indicates that FeTPP is not generating an important spin-flip scattering on conduction electrons in graphene. This absence of magnetic scattering is confirmed by the presence of conductance fluctuations of the order of 0.7 e 2 /h at 200mK.

In the TCNQ sample, we can also compare the weak localization and phase coherence in electron and hole doping regions by applied gate voltage 30V, in which the result shows the weak localization at 200mK is suppressed and the phase coherence length L φ just slightly increased when we increase the temperature. The result suggests the induced magnetic moments destroy and suppress the weak localization in the low field. Compared with the applied 30V gate voltage, the weak localization at -30V gate voltage is clearer, and the phase coherence length at 200mK is two times larger than the higher temperature at 4K. The effect of induced magnetic impurity is gate dependent and looks stronger in applied positive gate voltage. This result may indicate the presence of magnetic scattering, which also affects the amplitude of conductance fluctuations. 

Single-molecule magnet TbPC 2 grafted on graphene

The lanthanide single-molecule magnet (SMM) bis-phthalocyanine terbium(III) (TbPc 2 ) has been studied in the graphene nanoconstriction [START_REF] Candini | Graphene spintronic devices with molecular nanomagnets[END_REF] and carbon nanotube [START_REF] Urdampilleta | Supramolecular spin valves[END_REF] as a spin valve device. These devices showed strongly anisotropic hysteresis loops of the magnetoconductance when the easy axis of molecules is aligned along with the applying magnetic field. Anisotropic magnetoconductance signals have been found in other TbPc 2 molecular spin valve devices. [START_REF] Thiele | Electrically driven nuclear spin resonance in single-molecule magnets[END_REF][START_REF] Godfrin | Microwave-assisted reversal of a single electron spin[END_REF]. The sign and magnitude exchange interaction between terbium ion and delocalized conduction electrons over the phthalocyanine ligands of the molecule has been proven and probed in spintronic configuration [START_REF] Vincent | Electronic read-out of a single nuclear spin using a molecular spin transistor[END_REF].

Here, we prepare two different kinds of samples for measurement. The first sample is a pure graphene sample, and the second sample is replaced on a monolayer WS 2 flake as a substrate for the graphene (WS 2 /Graphene) in order to induce strong SOI on graphene for comparison. On each sample, we deposited Ti/Au (5/100nm) metal as contacts on graphene sheets and patterned the device with the several desired two wires geometry. Then, we deposited TbPc 2 SMMs on the prepared graphene samples by drop-casting.

In Figure 1.3.1 (a), the Dirac point of the Graphene/TbPc2 sample is clearly located near 8V in gate dependence of resistance measurement, which means the graphene is naturally p-type doped before grated /TbPc 2 in the ambient environment. At the Dirac point, the majority of graphene can be turned to be electrons or holes, which means the majority of the carrier are electrons on the right side of the Dirac point, and the majority of carriers are holes on the left side of the Dirac point. After grafting graphene with TbPc 2 by drop casting, the Dirac point of the gate dependence of resistance has shifted further to the right, as seen in Figure 1. 3.1 (b). This result shows that TbPc 2 is a strong electron acceptor for graphene, and graphene gains more holes as the majority after grafting. Second, the clear hysteresis in Figure 1.3.1 (b) shows up after TbPc 2 deposition at room temperature. This result can probably be related to the slow relaxation of the hopping processes between neighboring molecules [START_REF] Sedghi | Long-range electron tunnelling in oligo-porphyrin molecular wires[END_REF][START_REF] Checcoli | Tetra-phenyl porphyrin based thin film transistors[END_REF]. 

Magnetoresistance in out-of-plane field

Both samples were measured at the same time between ±3000 Gauss(G) at 12mK at applying gate voltage 20V, the magneto-resistance in the out-of-plane field for both samples exhibit irreproducible magneto-resistance in forward sweep and backward sweep because the TbPc 2 induced magnetic moments on graphene that changed the interferences between the coherent trajectories across the samples, as seen in the Figure 1.3.2. And also, all curves are asymmetric functions of a magnetic field, as expected in the two probes' measurements in the presence of the time-reversal symmetry breaking due to the induced magnetic moment on graphene [START_REF] Li | Signature of gate-tunable magnetism in graphene grafted with pt-porphyrins[END_REF]. The most intriguing feature is that the higher degree of noise shows up when the applied field is close to zero for both samples. We related this higher degree of noise close to the zero field due to the spin-flip of long spin relaxation time with events at the time scale of the experiment. There are due to TbPc 2 -induced magnetic moment on graphene. However, we find that the excess noise observed at the low field is absent at 3000G. Fig. 1.3.2 Graphene/TbPc 2 and WS 2 /Graphene/TbPc 2 samples in out-of-plane field between ±3000G with applying a 20V gate voltage at 12mK. A higher degree of noise shows up when the applied field is close to zero in both samples.

Introduction

Low frequency 1/f noise

The magneto-resistance results display a magnetic field-dependent noise, which is highest at low temperatures and low fields. In order to quantize the magnitude of noise, we acquire the output signal fluctuations from Lock-In Amplifiers in time and compute the noise spectrum by Fourier transform [START_REF] Dutta | Low-frequency fluctuations in solids: 1 f noise[END_REF]. A noise spectrum with a 1/f dependence suggests the existence of a broad distribution of two-level systems with a wide distribution of field-dependent relaxation times, as seen in Figure 1.3.3. In TbPc 2 grafting graphene sample, the two-level system represents the spin-flip state in TbPc 2 induced magnetic moment on graphene. 3 Magnetic two-level system at zero fields and 3000 Gauss. E B is the anisotropy magnetic barrier energy, and the barrier decreases with an applied magnetic field.

We measured the noise spectrum in both samples at the applied 55V gate voltage, which is the Dirac point for the sample WS 2 /Graphene/TbPc 2 . This sample exhibits the largest resistance variance of fluctuation, as shown in Figure 6.3.6 (b). In the beginning, we performed the 1/f fitting of the experimental results of the noise spectral density at different temperatures from 10 mK to 300 mK; see Figure 1.3.4 (a) and (b). First and foremost, almost all data can be fitted with a 1/f curve. We attribute this 1/f noise to the presence of a large distribution of magnetic molecular clusters behaving as a two-level system with a magnetic anisotropy barrier due to the anisotropy field aligning with the molecular Tb spin perpendicular to the graphene layer. However, when the temperature reaches 300mK in the Graphene/TbPc 2 sample, the noise spectral density starts to deviate from the 1/f behavior. Besides, the noise magnitude increases at low temperatures, which is due to the increase of universal conductance fluctuations at low temperatures. In this chapter, the main idea is to introduce the quantum transport in graphene, such as the superconducting Proximity effect or how it behaves when a magnetic field is applied. The other important part will be to present a comprehensive understanding of the magnetoresistance of monolayer graphene and also the most studied phenomenon of 1/f noise.

Graphene

In 1947, P. R. Wallace first wrote and published the band structure of graphene using the "tight binding" calculation, and revealed the unusual semi-metallic behavior [START_REF] Richard | The band theory of graphite[END_REF], bbut It was initially assumed that two-dimensional material structure could not naturally exist because it would be unstable to exist thermodynamically. Until A. Geim and K. Novoselov reported the first isolated graphene using mechanical exfoliation in 2004 [START_REF] Andre | The rise of graphene[END_REF]. Unexpectedly, it generated high-quality graphene simply with 3M scotch tape, and the result was reproduced by many researchers. Such breakthrough in graphene has excited a huge amount of research on graphene materials due to the outstanding features of the graphene monolayer. Because of their achievement in graphene, they have awarded the Nobel Prize in Physics in 2010. They also first experimentally illustrated many superb physical properties of graphene, like massless Dirac fermions and high mobility [START_REF] Kostya S Novoselov | Twodimensional gas of massless dirac fermions in graphene[END_REF]. Due to the special band structure of graphene, the density of carriers can be adjusted through electrostatic gating and vary the sign of charge when the applied gate voltage approaches the Dirac point (electron-hole symmetry point).

Band structure of graphene

Monolayer graphene consists of a planar honeycomb lattice of carbon atoms, see Figure 2.1.1. The in-plane bonds in the graphene structure comprised 2 px and 2 py orbitals hybridized in a sp 2 configuration. In the meantime, the 2 pz orbital perpendicular to the layer formed covalent bonds. The σ bonds offer rigidity to the structure, and the π bonds bring about the valence and conduction bands, see Figure 2.1.1. These highly mobile electrons are called π electrons. These π orbitals overlap and can enhance the carbon bonds in graphene. Basically, the electronic properties of graphene are affected by these π orbitals.

The structure of graphene is a basis of two atoms per unit cell and can be seen as a triangular lattice, shown in Figure 2.1.2 (a). The lattice vectors are

a 1 = a 2 (3, √ 3), a 2 = a 2 (3, - √ 3) (2.1.1)
Where the carbon A and carbon B distance a = 1.42Å. The reciprocal-lattice can now be written as

b 1 = 2π 3a (1, √ 3), b 2 = 2π 3a (1, - √ 3) (2.1.2)
Brillouin zone of the graphene with the high-symmetry points K, Γ and M , as seen in Figure 2.1.2 (b). The two points K and K' at the corners of the graphene Brillouin zone are 

K = ( 2π 3a , 2π 3 √ 3a ), K ′ = ( 2π 3a , - 2π 3 √ 3a ) (2.1.3)
Then, the three nearest-neighbor vectors in real space are given by

δ 1 = a 2 (1, √ 3), δ 2 = a 2 (1, - √ 3), δ 3 = -a(1, 0) (2.1.4)
Considering the interaction of π electrons in nearest-neighbor hopping, the eigenvalue E(k x ,k y ) of graphene through tight-binding approximation can be written

E(kx, ky) = ±γ 0 1 + 4 cos √ 3k x a 2 cos k y a 2 + 4cos 2 k y a 2 (2.1.5)
In the equation (2.1.5), γ 0 represents the hopping energy between π electron in the nearest-neighbor. E+ and E-are the π electron in higher energy state (π * ) and the lower energy (π), respectively.

The graphene π band has been calculated from the original tight-binding approximation [START_REF] Richard | The band theory of graphite[END_REF] as a three-dimensional representation in Figure 2.1.3. The lower π (valence) band is fully occupied in intrinsic graphene; the upper (conduction) π * band is empty. Near these, in the low energy range (ka«1), the equation (2.1.5) can be simplified by the tailor expansion 

E(K) = ± √ 3 2 γ 0 ak = ±v F ℏ |k| (2.1.6)
Where the wave vector k is measured from the Dirac points, and E is the energy relative to the Dirac point. The Fermi velocity v F ≈ 10 8 cm/s is a material parameter. The linear dispersion is different from the normal parabolic dispersion relation with a mass dependence (E= ℏ 2 k 2 2m ) that demonstrates the charge carriers moving with a velocity is independent of the energy, therefore acting as massless particles with velocity v F . This property is the most intriguing feature of graphene, making it the object of large scientific research globally. The carrier density n as E F = ℏv f √ πn represents the Fermi energy and implies that it is possible to tune the Fermi energy by changing the carrier density, electrons or holes through the graphene field effect transistor bias gate. The density of state D(E) of graphene can be written as

D(E) = 2E πℏ 2 v 2 F
. The density of states of usual two dimensional electron gases with parabolic energy dispersion are energy independent. But the density of the state D(E) of graphene vanishes linearly at the Dirac point. Graphene has electrons and holes as a carrier, and intrinsic carrier concentration n i are At room temperature with v F ≈ 10 8 cm/s, n i ≃ 8.2 * 10 10 cm -2 , and the The electron (hole) concentration in graphene can be obtained

n i = n = p = π 6 kT 2 ℏ 2 v 2 F (2.1.7)
n = ∞ 0 2 |E| πℏ 2 v 2 F f (E))dE p = 0 -∞ 2 |E| πℏ 2 v 2 F (1 -f (E))dE (2.1.8)
Where

f (E) = (1 + e E-E F kT ) -1 .
Based on the level of Fermi energy with regard to the Dirac point, the majority of graphene can be turned to be electrons or holes, see in 2.1.4. The control of the Fermi level is able to change the doping from n-dominated transport to p-dominated transport (and vice versa). In this case, the carrier density is zero at T=0K. On the other hand, for the T > 0K, there is always a non-zero carrier density. The low-energy physics of graphene near the Dirac point has been well investigated with respect to twocomponent wavefunctions according to the particle density of the two sublattices A and B:

ψ ±,k ( ⃗ k) = 1 √ 2 e -iθ ⃗ k/2 ±e iθ ⃗ k/2
(2.1.9)

Here θ ⃗ k = arctan k x k y and the signs corresponding to the π * (+) and π bands. This wavefunction play an crucial role in completing rotation of 2π of the momentum when constant energy close to Dirac point. In fact, in place of expected 0 or 2π phase, the wavefunction goes through a phase change of Berry's phase π [START_REF] Mi Katsnelson | Chiral tunnelling and the klein paradox in graphene[END_REF]. The relevance of Berry's phase has been known as highly related to magneto-transport phenomena, such as the unusual quantum Hall effect with applying an external magnetic field [START_REF] Zhang | Experimental observation of the quantum hall effect and berry's phase in graphene[END_REF], leading to the formation of a Landau Level at zero energy. The two-component wavefunction can also illustrate the sublattice A or B of graphene has a pseudospin instead of the real spin of the electrons. The pseudospin implies that backscattering in graphene is forbidden, which leads to some fascinating phenomena like Klein tunneling [START_REF] Ando | Berry's phase and absence of back scattering in carbon nanotubes[END_REF]. The pseudospin of graphene enables the introduction of a chirality [START_REF] Duncan | Model for a quantum hall effect without landau levels: Condensed-matter realization of the" parity anomaly[END_REF]. Here θ ⃗ k = arctan k x k y and the signs corresponding to the π * (+) and π bands. This wavefunction play an crucial role in completing rotation of 2π of the momentum when constant energy close to Dirac point. In fact, in place of expected 0 or 2π phase, the wavefunction goes through a phase change of Berry's phase π [START_REF] Mi Katsnelson | Chiral tunnelling and the klein paradox in graphene[END_REF]. The relevance of Berry's phase has been known as highly related to magneto-transport phenomena, such as the unusual quantum Hall effect with applying an external magnetic field [START_REF] Zhang | Experimental observation of the quantum hall effect and berry's phase in graphene[END_REF], leading to the formation of a Landau Level at zero energy. The two-component wavefunction can also illustrate the sublattice A or B of graphene has a pseudospin instead of the real spin of the electrons. The pseudospin implies that backscattering in graphene is forbidden, which leads to some fascinating phenomena like Klein tunneling [START_REF] Ando | Berry's phase and absence of back scattering in carbon nanotubes[END_REF]. The pseudospin of graphene enables the introduction of a chirality [START_REF] Duncan | Model for a quantum hall effect without landau levels: Condensed-matter realization of the" parity anomaly[END_REF] as the projection of pseudospin on the direction of movement. The chirality of the electrons in graphene within one valley has important implications on the electronic transport property. In particular, a non-trivial Berry phase is related with the rotation of the 1/2-pseudo spinor, that plays a important role to comprehend the unique charge transport. And many of the fascinating physical phenomena revealing in graphene are controlled by the unique chiral nature of the charge carriers in graphene due to their quasi relativistic quasiparticle dynamics described by the effective massless Dirac equation.

Spin-orbit interaction in graphene

It has been known for a long time that graphene exhibits many exciting and novel properties. Nevertheless, graphene has rather weak spin-orbit interaction(SOI) in condensed matter physics due to the small atomic number of carbon. The density functional theory(DFT) calculation shows the intrinsic SOI of graphene is only 24µeV [START_REF] Gmitra | Band-structure topologies of graphene: Spin-orbit coupling effects from first principles[END_REF]. SOIs play an important role either in the electrical manipulation of spins in the field of spintronics [START_REF] Žutić | Spintronics: Fundamentals and applications[END_REF] or in driving novel topological phenomena [START_REF] Hasa | Topological insulators[END_REF]. The electronic transport of graphene is easily influenced because of the interaction of the exposed 2D electrons with the substrate. The electronic transport of graphene is easily influenced because of the interaction of the exposed 2D electrons with the substrate. Since the magnetism of graphene has been proven successfully induced by a yttrium iron garnet (YIG, Y3Fe5O12) substrate [START_REF] Wang | Proximityinduced ferromagnetism in graphene revealed by the anomalous hall effect[END_REF], it may be a promising way to induce strong SOIs in graphene by choosing a proper substrate.

Transition-metal dichalcogenides (TMDs) are a highly promising class of materials within high spin-orbit materials. TMDs are composed of three atomic planes and often two atomic species with MX 2 composition: a transition metal M and two chalcogens X. Some common 2D TMDs are composed with M, either Mo or W, and X, either S or Se, where the heavy element (Mo or W) is sitting on the hexagonal lattice in the trigonal-prismatic (2H-) structure. In the monolayer TMDs framework, it's similar to graphene in that the bottom of the conduction bands and the top of the valence bands are located at inequivalent K and K ′ valleys. Yet a larger band gap between 1 and 2 eV between bands results in the semiconductors property of TMDs and higher resistance than graphene. In the TMDs, thanks to the heavy elements, the intrinsic SOI is up to 1 to a few meV for the conduction bands and 100 -400 meV for the valence bands [START_REF] Xiao | Coupled spin and valley physics in monolayers of mos 2 and other group-vi dichalcogenides[END_REF].

Depending on the theoretical prediction from first-principles calculations, there are three different types of SOIs that can be induced in graphene by TMDs, Kane-Mele (KM, or intrinsic), Rashba, and Valley-Zeeman (VZ) SOI, shown in equation (2.2.1). The Kane-Mele is an intrinsic SOI that is present in the pristine graphene. In the 2D materials, the linear dependence of the Rashba SOC with the electronic wave vector k results in the splitting into an inner and outer branches, thus Rashba SOI in the system is broken the z → -z symmetry.

Intrinsic type SOI :

H I = λ I kσ 2 s 2 (z → -z symmetric) Rashaba SOI : H R = λ R (kσ x s y -σ y s x ) (z → -z asymmetric) Valley -Zeeman(V Z) SOI : H V Z = λ V Z ks z (z → -z symmetric) (2.2.1)
Where k is the valley component, and λ is the sublattice component. In the Valley-Zeeman (VZ) SOI, the sublattices A, and B of graphene generally have different spinorbit potential from TMDs caused by the lattice mismatch between graphene and TMD. The VZ SOI turns out to be significant when heavy elements break the sublattice symmetry [START_REF] Morpurgo | designer"spin-orbit interaction in graphene on semiconducting transition metal dichalcogenides[END_REF].

H I A/B = 1 2 λ A I (λ z + λ 0 + λ B I (λ z + λ 0 kS z λ I = (λ A I + λ B I )/2, λ V Z = (λ A I + λ B I )/2 (2.2.2)
The λ A I (λ B I ) is the induced spin-orbit potential at the sublattice A(B). However, the first principle calculations predict the existence of the induced SOI is 'valley-Zeeman' type SOC in graphene by TMD [START_REF] Yang | Tunable spin-orbit coupling and symmetryprotected edge states in graphene/ws2[END_REF].

Superconducting proximity effect in graphene

Many metals can become superconductors when the temperature is below a critical temperature T c [START_REF] Kittel | Introduction to solid state physics[END_REF]. Below this temperature, the Cooper pairs have been formed when electrons close to E F , which comprises two electrons with opposite wave vectors and opposite spins. The Cooper pairs form a collective state ψ(r) = |ψ(r)| e iφ r at E F , where φ (r) is the phase of the superconducting state. The normal density of states disappears in the range, giving rise to a gap at E F whose amplitude is ∝ T c of the N/S interface that generates an energy gap at E F . The electric current carried by the Cooper pairs remarkably turns to be dissipationless, leading to the zero resistance of a superconductor when the temperature is below its critical temperature.

Andreev Reflection

At the Fermi level, metal has a continuous density of states, and the superconductor has an energy gap. An electron passes through a metal at the

E F + ε interface, if ε < △, see Figure 2.3.1.
In that case, the electron has to form a Cooper pair with another electron in order to enter the superconductor, which results in the extraction of a second electron with opposite momentum and spin from the metal. The process leaves a hole in the metal due to the charge conservation. The process in which the incident electron forms a Cooper pair in the superconductor with the reflection of a hole with opposite spin in the metal is called Andreev reflection [START_REF] Tinkham | Introduction to superconductivity[END_REF]. The first electron wavevector K 1 e and the second electron with opposite wavevector K 2 e = -K 1 e form a Cooper pair. The wavevector of the hole left in the metal

K h = -K 2 e = K 1 e .
The velocities of the initial electron and the reflected hole are opposite but equal in momentum because the velocity and wavevector are parallel (antiparallel) for electrons (holes). Then, the reflected hole retraces the path of the incident electron , which is called retro-reflection. After the Cooper pair formed in the superconductor, the incident electron reflected as a hole.

Andreev Bound state (ABS)

The Andreev reflection appears at the interface of two NS boundaries in the SNS junction, and these reflections generate phase-dependent boundary conditions in the N area, which are the coherent superposition of electron and hole wavefunctions. Meanwhile, the formation of standing waves leads to the quantization of excitation energy levels. These standing waves are known as the Andreev bound state (ABS). To start with a simple case of a ballistic junction, we presume a ballistic region of length L N [START_REF] Van Houten | Andreev reflection and the josephson effect in a quantum point contact: An analogy with phase-conjugating resonators[END_REF]:

∆(r) =          ∆ 0 e iφ 1 , i f z < 0 0, i f 0 < z < L N ∆ 0 e iφ 2 , i f z > L N (2.3.1)
Through the equation of the phase shift acquired from a round trip to an integer multiple of 2π, the bound states of ε < ∆ 0 can be found. The condition is:

2εL N ℏv F cos θ -2 arccos ε ∆ 0 ± ∆ ϕ = 2πm, m = 1, 2, ..... (2.3.2)
The ∆ ϕ = ϕ 1ϕ 2 ∈ (-π, ), θ is the angle with the normal to the N/S interface. The two-direction motion of the electron or hole is presented by the ±. Due to the ε = [(2m + 1)π ∓ ∆ϕ]ℏv F cos θ /(2L N ), the spectrum is based on δ ϕ linearly for the ε ≪ ∆ 0 , see in the [START_REF] Pillet | Andreev bound states in supercurrent-carrying carbon nanotubes revealed[END_REF]. An Andreev pair is formed by an electron and a hole, which requires constructive interference between the electron and the hole and confined between the energy ±∆.

In the long junction limit: For L N ≫ ξ 0 , the energy spectrum of the SNS junction is based on L N . The Josephson current is a linear function of ∆ϕ. The critical current can be written as:

I c = aGℏv F /eL N (2.3.3)
where a is a numerical coefficient of order unity based on the dimension of the system, and G is the conductance of the normal state in the SNS junction. In the long junction limit, if the SNS junction carries a constriction of the normal region, the I c on the L N junction geometry is persisted [START_REF] Furusaki | Theory of quantum conduction of supercurrent through a constriction[END_REF].

In the short junction limit: On the contrary, for the L N ≪ ξ 0 , there is only a single bound state remains for each of the N transverse modes when the energy ε = ∆ 0 cos(∆ ϕ /2) is independent of L N . The supercurrent can be written by the sum of the contribution of the energy levels:

I(δ ϕ ) = N e ℏ ∆ 0 sin(δ ϕ /2), -π < δ ϕ < π (2.3.4)
And critical current is given by:

I c = N e∆ 0 ℏ (2.3.5)
Both equations are independent of L N .

Supercurrent and Andreev Reflection in Graphene

In normal metals, Andreev reflection is intraband proceeded, which means the electron and the Andreev reflected hole both are in the conduction band. Meanwhile, Interband Andreev reflection cannot take place in normal metals. However, both intraband and interband Andreev reflections happen in graphene, that depends on the position of the Fermi level. Two different regimes in graphene can be distinguished [START_REF] Beenakker | Colloquium: Andreev reflection and klein tunneling in graphene[END_REF].

Suppose an electron with wave vector k traveling in a graphene monolayer toward a superconductor. When an electron reaches the interface, it forms a Cooper pair with a second electron with wave vector -k. Both electrons have opposite wave vectors and originated from two different graphene valleys ±k. Therefore, Andreev reflection proceeds the connection of both graphene valleys, as in Figure 2.3.3.

When the initial electron with energy E F + ε and ε < E F is in the conduction band, the Andreev reflected hole with energy E Fε also stays in the conduction band, see Figure 2.3.4(a). In this circumstance, the initial electron travels toward the interface. Meanwhile, the hole moves in the opposite direction, away from the interface. Thus, the value of velocity in X direction v x has to change the sign to -v x . In addition, the wave vector k y should be conserved after reflection. The In consequence, the reflected hole can retrace the path of the initial electron, which shows that intraband Andreev reflection in graphene leads to retro-reflection in normal metals. On the other hand, if the original electron has an energy E F + ε and E F < ε with both E F and ε smaller than the superconducting gap △, the reflected hole with energy E Fε will move to the valence band, see in Figure 2. 3.4(b). The Andreev reflection will occur when the v x change sign and k y have been conserved. As the velocity of the electron in the valence band is parallel to its wave vector, the velocity won't change the sign. Therefore, interband Andreev reflection results in the specular reflection that is a unique property of graphene [START_REF] Beenakker | Colloquium: Andreev reflection and klein tunneling in graphene[END_REF]. In addition to the Andreev reflection, Josephson supercurrent also shows the difference when it's close to the Dirac point. In short ballistic graphene Josephson junctions L > ξ , if the the Fermi wave length λ F < L, the critical current is [START_REF] Beenakker | Colloquium: Andreev reflection and klein tunneling in graphene[END_REF][START_REF] Titov | Josephson effect in ballistic graphene[END_REF]. This result indicates that the critical current is length independent at a high-density regime. Yet its length is dependent close to the Dirac point. [START_REF] Beenakker | Colloquium: Andreev reflection and klein tunneling in graphene[END_REF]. An extra illustration of k x and k y of the incident electron with the reflected hole is displayed in both processes.

I c = e△ ℏ W λ F , where is the high doping regime E F > ℏv F L . On the other hand, if λ F > L, the critical current is I c = e△ ℏ W L , which is in the vicinity of the Dirac point E F < ℏv F L

Phase coherent electron transport

In mesoscopic systems, electron transport can be described by two important characteristic length scales at low temperatures, as the Figure 2.4.2. First, the mean free path (l m ) illustrates the average distance of electron crossing through the conductor that experience no scattering processes. When the dimensions of a conductor are smaller than the mean free path, no scattering process happens during the electron propagation, and motion is considered to be ballistic transport. On the contrary, when the (l m ) is much lower than the dimensions of the conductor, electrons scatter several times during the propagation process, the direction of motion varying each time. In this regime, the electron motion change to be diffusive. The other crucial length scale is the phase coherence (L φ ) that illustrates the electron propagation without losing the phase information within a certain length. When L φ is long enough, quantum phenomena because of the wave character of electrons turn visible in the experiment. The weak localization correction and universal conductance fluctuations can be good examples. Fig. 2.4.1 Graphic illustration of electron propagation in a conductor. In this case, the mean-free path l m is much shorter than the phase coherence length L φ . Wiggled lines behave in electron motion, green circles elastic collisions, and blue squares inelastic collisions [START_REF] Washburn | Quantum transport in small disordered samples from the diffusive to the ballistic regime[END_REF].

The coherence length relies upon the nature of the impurity scattering. The Elastic scattering does not vary the electron energy, and the phase coherence is preserved normally. On the other hand, inelastic scattering processes ruin phase coherence. The main reasons why the inelastic processes that result in the shortening of L φ are electron-electron interaction and electron-phonon interactions. By decreasing the temperature below 1K, the rate of the inelastic processes is lowered. Therefore L φ increases and the quantum interference effects become more pronounced [START_REF] Pm Echternach | Nyquist phase relaxation in one-dimensional metal films[END_REF][START_REF] Mohanty | Intrinsic decoherence in mesoscopic systems[END_REF].

In order to explain the physics related to the effects of electronic interference on transport, a semi-classical approach describes the electron motion in terms of partial waves or trajectories related to the quantum amplitude of probability. In a diffusive conductor system, there are various possible trajectories that connect two different points. For the purpose of calculating the probability of an electron propagating from r 1 to r 2 during a given time t, P(r 1 ; r 2 ; t), it needs to take all trajectories into account. The propagation probability is given by the absolute value of the amplitude squared of the sum of all individual probability amplitudes A i associated with the different trajectories [START_REF] Datta | Electronic transport in mesoscopic systems[END_REF][START_REF] Beenakker | Quantum transport in semiconductor nanostructures[END_REF].

P(r 1 , r 2 ,t) = ∑ i A i 2 (2.4.1)
This equation can be rewritten as

P(r 1 , r 2 ,t) = ∑ j A j 2 + ∑ j, j ′ ̸ =k A j A k e i(φ j -φ k ) (2.4.2)
The phases corresponding to trajectories j and k aree φ j and φ k . The first term is the classical diffusion probability, which means the sum of the modulus square of the probability amplitudes in individual trajectories. The second term is caused by quantum interference in the different trajectories. If the effect of interference can be neglected, then the second term is omitted. The equation can be written as a classical result (i.e., sum over probabilities)

P(r 1 , r 2 ,t) = ∑ j A j 2 (2.4.3)

Weak localization

Weak localization has been primarily observed in electronic systems and reported as quantum interference between electronic waves that constructively scatter through the impurities in conductors. Weak localization has brought a lot of interest as a particular case where the quantum mechanical behavior of electrons is an observable consequence in the macroscopic systems. The scattering result from the defects in the bulk in the transport systems. The multiple scattered waves form the statistical distribution of the impurities in a random pattern. The weak localization(WL) correction of the conductivity is caused by the interference of timereversed paths. For instance, the corresponding scattering process in k-space for a pair of paths has shown in Fig. 2.4.2. The scenario of the general reflection path of an electron: After the time τ 0 , the electron ( ⃗ k) has scattered in a state ⃗ k ′ 1 , then 2τ 0 into the state ⃗ k ′ 2 . After n times scattering, the electron has scattered into the state ⃗ k. The scattering sequence can be written as follows:

⃗ k ⇒ ⃗ k ′ 1 ⇒ ⃗ k ′ 2 . . . ⃗ k ′ n = -⃗ k (2.4.1.1)
The scattering sequence is drawn in Fig 2 .4.2, where⃗ g 1 ,⃗ g 2 , • • •⃗ g n represent the momentum transfer, and the probability of the electron k is equally scattered after n steps from the state ⃗ k into ⃗ k through another sequence

⃗ k ⇒ ⃗ k ′′ 1 ⇒ ⃗ k ′′ 2 . . . ⃗ k ′′ n = -⃗ k (2.4.1.2)
where the momentum transfer is

⃗ g n ,⃗ g n-1 , • • •⃗ g 1 .
The complementary scattering series has the same variation of momentum in the opposite sequence. The intermediate states stay symmetrical to the origin for both scattering paths. The most crucial point is that the amplitude of the final state ⃗ k is the same for both scattering paths, along with the same energy of the corresponding intermediate states. The probability amplitudes A ′ and A ′′ are phase coherent, and they will be equal. A 1 = A 1 = A, so that the total intensity given by

A ′ + A ′′ 2 = A ′ 2 + A ′′ 2 + A ′ A ′′ * + A ′ * A ′′ = 4 |A| (2.4.1.3)
Eq. (2.4.1.5) shows an increased resistance can be observed due to the quantum interference effects, as the probability of an electron to be found in its original state and thus no propagation through the conductors. This increased resistance occurs due to a quantum interference phenomenon called weak localization. However, in the presence of time-reversal symmetry 2.4.2 (right panel), trajectories in which an electron goes back to the beginning point offer a non disappeared contribution to interference. The trajectories can be opposed in a clockwise and counterclockwise direction, with exactly the same amplitude due to the time-reversal symmetry in Fig. 2.4.2. To briefly sum up, when there is no applied magnetic field, interference leads to an enhanced probability for electrons to go back to the original position where they started from.

When we remove time-reversal symmetry, the weak localization can be suppressed between counter-propagating trajectories around the loop. This can be done by applying a magnetic field. The probability amplitudes of clockwise (A j ) and counterclockwise (A j ′ ) propagation gain different phase shifts through the following equations

△φ j = k F L - e ℏ r 2 r 1 Adr j △φ j ′ = k F L - e ℏ r 2 r 1 Adr j (2.4.1.4)
where φ j is the phases corresponding to trajectories j as in equation (2.4.2). dr j ′ is expressed -dr j . The first terms in the equations indicate a standard dynamical phase, and the second terms correspond to Aharonov-Bohm phases resulting from the vector potential A, which is related to the applied magnetic field. When the magnetic field is non-zero, the phase difference develops between two trajectories, which means breaking of time-reversal symmetry. The total phase difference between the two interfered paths becomes

△φ j ′ -△φ j = 2e ℏ r 2 r 1 Adr j = 2e ℏ S ▽ × AdS = 2e ℏ Φ (2.4.1.5)
where Φ is the magnetic flux closed by the trajectory. The different counter-propagating trajectories enclose different areas, and the phases accumulated in a magnetic field are random. Thus the interference term giving rise to weak localization averages out. At magnetic fields higher then ∼ ℏ/2eL 2 φ , weak localization is completely suppressed [START_REF] Beenakker | Quantum transport in semiconductor nanostructures[END_REF]. The development of weak localization in applying a magnetic field is a useful method to determine the average coherence length of electrons, scattering of charge carriers, and affecting transport properties of samples.

Weak anti-localization

In normal metals, the probability of electrons moving in closed loops can be increased by constructive electron interference along time-reversal trajectories. As a consequence, the conductance will be smaller compared to the classical Drude case, which is called weak localization (WL), as we mentioned before. On the other hand, in the case of the presence of strong SOI, the spin precession of electrons results in a phase shift, which causes destructive interference and a positive correction to the Drude conductance. This phenomenon is weak anti-localization (WAL) [START_REF] Hikami | Spin-orbit interaction and magnetoresistance in the two dimensional random system[END_REF]. WAL in the two-dimensional system with SOI has been theoretically studied [START_REF] Hikami | Spin-orbit interaction and magnetoresistance in the two dimensional random system[END_REF], which states the WAL correction to the Drude conductivity.

The band structure of the Dirac materials, such as graphene and TMDs, are characterized by a non-trivial Berry phase that develops a phase shift to the electron interference

φ B = π(1 -E g /u)
, where E g is the band gap or Dirac mass, and u is the chemical potential. In the massless limit case, such as graphene, the phase shift φ B = π result in the WAL [START_REF] Suzuura | Crossover from symplectic to orthogonal class in a two-dimensional honeycomb lattice[END_REF]. On the contrary, in the large mass limit case, no phase shift has been introduced that results in the WL.

When strong SOC is introduced into graphene by TMDs, the spin degree of freedom generates an extra π phase to the quantum interference and displays the WAL [START_REF] Mccann | z→-z symmetry of spin-orbit coupling and weak localization in graphene[END_REF]. In the case of the WAL resulting from chirality, the WAL only reveals when the temperature is above 50K [START_REF] Fv Tikhonenko | Transition between electron localization and antilocalization in graphene[END_REF], in which the dephasing rate exceeds the intervallery scattering rate and excludes the intervalley associated interference. But in the strong SOC-induced WAL, the WAL can be observed only at low temperatures when the dephasing rate is below the spin relaxation rate, which leads to SOC-associated interference.

In a nutshell, WAL (WL) can be observed experimentally in applied a perpendicular magnetic field, which breaks the time-reversal symmetry to suppress the electron interference [START_REF] Hikami | Spin-orbit interaction and magnetoresistance in the two dimensional random system[END_REF]. By fitting the magneto-conductance data with the theoretical model, one can extract the dephasing rate and the spin relaxation rates from the fitting result, then estimate the amplitude and mechanism of SOIs by the Elliott-Yafet [START_REF] Yafet | g factors and spin-lattice relaxation of conduction electrons[END_REF] or Dyakonov-Perelspin [START_REF] Dyakonov | Spin relaxation of conduction electrons in noncentrosymmetric semiconductors[END_REF] relaxation mechanisms.

Universal conductance fluctuations

Universal conductance fluctuations (UCF) have been investigated originally in disordered metal systems at low temperatures. In this case, the mean free path is smaller than the sample length L, and the phase coherence length is L φ ≥ L. The fluctuations have been found as the magnitude e 2 /h, which is independent of the sample shape or degree of disorder in the system [START_REF] Patrick | Universal conductance fluctuations in metals[END_REF][START_REF] Imry | Active transmission channels and universal conductance fluctuations[END_REF][START_REF] Pa Lee | Universal conductance fluctuations in metals: Effects of finite temperature, interactions, and magnetic field[END_REF]. This is an unexpected and surprising result as it has been considered self-average in non-microscopic samples. In addition, although UCF looks random, they are actually reproducible. The typical correlation field scale is B c = φ 0 S , where S is the surface of the sample perpendicular to the B field. In this chapter, we will introduce universal conductance fluctuations (UCF).

In a diffusive mesoscopic system, if sample length L > mean free path, the electrons will be scattered by impurities several times. Therefore, there have several electron trajectories that can interfere with each other when the conductance is larger than e 2 /h, in which the electrons will travel through the entire system and keep their phase L φ > L. The interference lead to weak (anti) localization at low field, yielding changes of conductance of the order of the quantum conductance e 2 /h. They also depend on the impurity configuration [START_REF] Patrick | Universal conductance fluctuations in metals[END_REF][START_REF] Imry | Active transmission channels and universal conductance fluctuations[END_REF][START_REF] Pa Lee | Universal conductance fluctuations in metals: Effects of finite temperature, interactions, and magnetic field[END_REF]. According to theory read s [START_REF] Patrick | Universal conductance fluctuations in metals[END_REF][START_REF] Imry | Active transmission channels and universal conductance fluctuations[END_REF][START_REF] Pa Lee | Universal conductance fluctuations in metals: Effects of finite temperature, interactions, and magnetic field[END_REF], if the temperature is low enough, the phase coherence is long, and the thermal average can be neglected. Thus, the expression of conductance fluctuation is defined as

δ G = Var(G) = g s g v 2 β -1/2 C e 2 h (2.4.2.1)
Where C is defined as a constant by the geometry of the sample. In the case of long and narrow sample C ≃ 0.73; in the case of short and wide sample C = W /L, and g s g v are spin and valley degeneracy. When the absence of a magnetic field, β = 1. When the time-reversal symmetry is broken by the magnetic field, β = 2. Quantum interference also depends on the chemical potential ε F , which can be tuned by the gate voltage. The correlation energy scale is the Thouless energy given by [START_REF] Dj Thouless | Maximum metallic resistance in thin wires[END_REF].

E c ≈ ℏ τ F ≈ ℏD L 2 (2.4.2.2)
E c is "Thouless energy". τ F is the time to pass through the sample of length L. And D is the diffusion constant that is equal to v 2 F τ F . For the discussion of the graphene system, when the temperature goes from low to high, the UCF of graphene of starts to be decreased. An experimental measurement is shown in 2.4.3. Increasing of temperature from 20mk to 2K significantly reduces the fluctuations. A new length scale, the thermal length L T = ℏD/k B T , becomes important, and it is expected without rapid change in conductance G, but the decay of G ∝ T 1/2 in the two-dimensional system [START_REF] Pa Lee | Universal conductance fluctuations in metals: Effects of finite temperature, interactions, and magnetic field[END_REF]. However, disordered single-layer graphene is quite different from a diffusive metal due to its chiral charge carriers and the presence of the valley pseudospin. Some simulation studies have shown that the UCF is strongly related to the actual impurity concentration [START_REF] Rycerz | Anomalously large conductance fluctuations in weakly disordered graphene[END_REF][START_REF] Tworzydło | Finite difference method for transport properties of massless dirac fermions[END_REF]. Fig. 2.4.3 Adapted from Ref [START_REF] Kazi Rafsanjani Amin | Exotic multifractal conductance fluctuations in graphene[END_REF]. UCF in graphene as illustration. The plots of the magnetoconductance G versus the magnetic field B measured at 20mK, 50mK, 75mK, 100mK, 200mK, 500mK, and 1K until 2K from top to bottom curves in different temperatures.

1/f noise

The universal 1/f noise power spectral density of fluctuations in the electrical parameters generally refers to the slow relaxation of the disorder from the background [START_REF] Mb Weissman | Low-frequency noise as a tool to study disordered materials[END_REF], which is a superposition of fluctuations of the characteristic time τ with a distribution D(τ) ∝ τ -1 . The single relaxation process possesses a power spectrum:

S( f ) ∝ τ 1 + ω 2 τ 2 (2.5.1)
Then, the total power spectral density of the noise is a measured sum of all relaxations over a bandwidth (τ 1 ,τ 2 ).

S( f ) ∝ τ 2 τ 1 τ 1 + ω 2 τ 2 D(t)dt (2.5.2) which gives rise S( f ) ∝ 1/ f for τ -1 2 ≪ f ≪ τ -1 1 .
Therefore, any random process that has a wide distribution of time scales shall exhibit a 1/f spectrum. The Figure 2.5.1 is schematic explanation of the process. The spectrum is nearly constant when the frequency is close to zero, and after a transition region, it becomes nearly proportional to 1/ f 2 with a narrow transition region where the power spectrum resembles that of the flicker noise found by Johnson. The form of Schottky's expression for the power spectrum is called a "Lorentzian." But later, Bernamont pointed out that a single relaxation process was not enough in 1937, and it had to be a superposition of such processes with a distribution of relaxation rates λ [START_REF] Bernamont | Fluctuations de potentiel aux bornes d'un conducteur metallique de faible volume parcouru par un courant[END_REF]. When the relaxation rate is uniformly distributed between λ 1 and λ 2 , each pulse amplitude keeps constant, and the power spectral density is Figure 2.5.1 displays some time series-associated power spectra. Such time series arise in many natural systems, like physics, biology, neuroscience, and psychology. In the figure 2.5.1, power spectra is drawn in log-log coordinates, because log(S( f )) = log(constant/ f α ) = -αlog( f ) + log(constant). On the other hand, the logarithmic transform presents the 1/ f α power spectrum as a straight line with slope -α can be easily estimated.

S(ω) =          N 2 0 n i f 0 < ω ≪ λ 1 ≪ λ 2 N 2 0 nπ 2ω(λ 2 -λ 1 ) i f λ 1 ≪ ω ≪ λ 2 N 2 0 n ω 2 i f λ 1 ≪ λ 2 ≪ ω

Hooge model

Hooge investigated one of the most important frameworks of 1/f noise [START_REF] Fn Hooge | 1/f noise[END_REF], in which he presented an empirical model:

S(ω) = S V ( f ) V 2 = γ H N f α (2.5.4)
where § V depends on a constant current and also the power spectral density of voltage fluctuations over an electrical resistor, V and N is the average voltage drop across the sample and the total number of carriers. Here, γ H called the Hooge parameter, which is a dimensionless parameter and offers a normalized evaluation of the noise level in a system. Then, the 1/f noise is characterized by the frequency exponent α ≈ 1 ± 0.2. In the Hooge model, a characteristic feature of systems is the 1/N decrease in the noise magnitude, and the Hooge parameter changes from one system to another. This model assumes the origination of the conductance noise stems from the mobility fluctuation, which is originated by the scattering of carriers. This model is able to describe clean metals and semiconductors based on the limited impact of disorder or impurities on mobility fluctuation.

In a nutshell, the 1/ f noise has been discovered in many semiconductor devices ever since [START_REF] Kogan | Electronic noise and fluctuations in solids cambridge univ[END_REF]. Up to now, there are plenty of noise spectra have been measured with various materials, such as metal, semimetals, semiconductors, superconductors, tunnel junctions, disordered conductors, and so on. In practically all cases, the results have shown a shape of an increasing noise power spectrum as decreasing the frequency f . An important feature of 1/f noise is the scale invariance for any frequency or time range, i.e., it looks the same for any chosen frequency or time unit. Due to this reason, it has been considered a wide manifestation of the fractal character of several natural phenomena from physics, biology, neuroscience, and psychology. Moreover, the nonlinear processes can also be considered sources of 1/f noise [START_REF] Dutta | Low-frequency fluctuations in solids: 1 f noise[END_REF].

1/f noise can be a useful tool in many systems, like graphene, for example. Graphene is a special system in the case of i/f noise because of its linear energy dispersion for electrons and holes, two-dimensional material nature, and zero-energy bandgap. The conduction electrons have been exposed to charged impurities in a substrate or on its top surface, which lead to strong carrier fluctuations. In the meantime, graphene is similar to a zero-band gap metal, where the mobility fluctuations are due to the charged scattering centers from the surface or the substrate. It also makes a strong contribution to 1/f noise. From the application point of view, due to the symmetry of the electron band structure and wide variation of the carrier density, graphene is used to increase the functionality of amplifiers and phase detectors in communications and signal processing. For this kind of application, 1/f noise is a crucial indication of device performance.

Chapter 3 Sample fabrication and techniques

Nowadays, it is feasible to construct heterostructures comprised of different van der Waals materials with atomically sharp interfaces. The technical challenge in the fabrication process is picking up the exfoliated thin materials or monolayer after mechanical exfoliation while avoiding any chemical and mechanical degradation. Here, I review some of the stateof-the-art, deterministic transfer methods of two-dimensional materials. I have used the PPC and PC film transfer techniques to fabricate desired vdw heterostructure. I have also developed gold-assisted exfoliation for TMDs monolayer and several dry-release transfer techniques for stack fabrication during my Ph.D.

At the beginning of my Ph.D., we used only the PPC film dry release transfer technique to fabricate the heterostructure in our group, which works for graphene and hBN heterostructure, but not the other TMDs. During these years, I found the proper condition of the PC film dry transfer method to make different heterostructures. Because the CVD-grown TMDs or exfoliated TMDs have strong adhesion with the substrate, the PPC film dry release transfer technique can not directly pick up the monolayer, but PC film is capable of releasing the monolayer TMDs from the substrate. In addition, I tested the gold layer-assisted exfoliation method so that we are now able to make many different kinds of TMDs with large sizes (>100um) in our lab, such as WS 2 , WSe 2 , MoS 2 , MoTe 2 , WTe 2 , etc. In the last year, I've learned the low-temperature dry transfer method with PCL film that can be used in some temperature-sensitive materials. In my Ph.D. career, I helped many Ph.D. students, postdocs, and researchers to fabricate their desired heterostructure and devices by all these methods. Of course, I also developed a few side projects through these methods.

Mechanical exfoliation of Graphene

The first monolayer graphene flake in the real world was exfoliated simply by applying the 3M scotch tape to the surface of HOPG (Highly Ordered Pyrolytic Graphite) in 2004 [START_REF] Kostya S Novoselov | Twodimensional gas of massless dirac fermions in graphene[END_REF]. The main idea of mechanical exfoliation is the separation of graphene layers from the bulk HOPG. For the separation process, the ideal case is that graphene has been peeled from the bulk graphite layer by layer. The van der Waals attraction is the force that needs to be overcome between two adjoining graphene layers. How to overcome the van der Waals attraction force to separate the monolayer is more or less a mechanical question. The procedure is presented in Figure 3.1.1.

First, the Scotch tape is applied to the HOPG surface and thus exerts a force on the surface. Then, by repeating this step numerous times, the bulk graphite layer will become thinner and eventually down to a single layer of graphene. This method produces high-quality and large-sized graphene flakes. Using the graphene samples prepared by this method, many outstanding properties of graphene have been discovered. 

Gold-assisted exfoliation of Transition-metal dichalcogenides

Transition-metal dichalcogenides (TMDCs) are a class of layered materials similar to graphene, which also show unique electrical, mechanical, and optical properties as a potential platform for future applications. The layers of these materials are kept together by weak van der Waals (vdW) forces, leading to the possibility of cleaving down to a monolayer using the mechanical exfoliation process.

While mechanical exfoliation used to suffer from low yields and rather small sizes of the exfoliated flakes, many-layered materials can't be exfoliated into monolayers by present exfoliation ways. Simple improvements like exfoliating the materials on a hot plate give a slight increase in the flake size [START_REF] Huang | Reliable exfoliation of large-area high-quality flakes of graphene and other two-dimensional materials[END_REF]. The Universal Au-assisted mechanical exfoliation method has proven its effectiveness on almost 40 types of single-crystalline monolayers [START_REF] Huang | Universal mechanical exfoliation of large-area 2d crystals[END_REF]. These results show that exfoliation assisted through an Au adhesion layer with covalent-like quasi-bonding to a layered crystal can generate large-area monolayers of TMDCs. This method is quite useful, especially when layered crystals are difficult to exfoliate using conventional methods. The entire Au-assisted exfoliation process is illustrated in Figure 3.2.1. In the beginning, a 100nm gold layer is evaporated by physical vapor deposition onto bulk MX 2 (M = Mo or W; X = S or Se) crystals attached to the scotch tape. The main idea is that the interaction of the topmost MX 2 layer with the gold layer is stronger than the van der Waals force of that same layer with the bottom layers of MX 2 . The topmost layer attached by the thermal release tape makes it the possibility to only peel off the topmost layer. The thermal release then transfers the Au and single MX 2 layers to the target silicon substrate (SiO 2 /Si), and the substrate is then treated with an oxygen plasma cleaning method to clean the surface of the substrate. Afterward, the thermal tape can be released by keeping it on a hot plate. (130 °C), gold layer and MX 2 remaining on the substrate. The gold film is etched using a gold etchant (potassium iodide and iodine, 1:4:40 I 2 /KI/DI water) for 5 mins, which selectively etches the Au while not etching the TMDCs flakes. The final step is soaking the substrate in acetone and isopropyl alcohol (IPA) for 10mins to remove any residues and acquire the large-area monolayers.

The result shows that it is a reliable way to obtain monolayer TMDCs in Figure 3.2.2. In this work, tungsten disulfide monolayer(WS 2 ) was made by Au-assisted exfoliation. I have found that other TMDCs, such as MoS 2 , WSe 2 , MoTe 2 , and WTe 2 , can also be obtained in the form of monolayers with large sizes. Note that the monolayers remain on a clean surface and without residue after removing the gold layer by the gold etchant. 

Dry release transfer: Polydimethylsiloxane (PDMS)

Once we have obtained the two-dimensional target material on the silicon substrate by exfoliation, the simplest way to make heterostructures or stacking of two-dimensional materials is by polydimethylsiloxane (PDMS) stamping. The transfer process of two-dimensional material plays a crucial step in the fabrication of heterostructures based on the artificial stacking of two-dimensional materials. In addition, precisely positioning the landing of the flake helps the integration of the material into devices, which facilitates the investigation of innovative applications and the discovery of new phenomena in the target material. For example, we can first prepare the device, such as a transistor, Josephson junction, or a SQUID device, then land the target material on the devices.

In order to make heterostructures or coupled two-dimensional materials with different devices, polydimethylsiloxane (PDMS) stamping, the all-dry transfer method through viscoelastic stamps, can be a reliable way. There are no capillary forces involved in the process [START_REF] Castellanos-Gomez | Deterministic transfer of twodimensional materials by all-dry viscoelastic stamping[END_REF]. And also, the fabrication process is fast and efficient, and it can be achieved with successful high reproducibility.

The transfer process, shown in Figure 3.3.1, relies on the viscoelastic properties of PDMS. In the beginning, a flake exfoliated onto a commercially available viscoelastic PDMS stamp with scotch tape. The PDMS stamp is attached to a glass slide that is connected to a manipulator. Then, the flake on the PDMS can be aligned precisely with the target substrate through the optical microscope, bringing the two in contact after aligning the material with the substrate. In order to release the flake from the PDMS stamp, the glass slide has to be lifted slowly, making sure that the PDMS can detach very gently. The flake then lies on the target location on the substrate. Fig. 3.3.1 The PDMS dry transfer method. (1) The flake to be transferred is exfoliated onto a PDMS stamp (2), and the stamp is then attached to a glass slide connected to a micromanipulator [START_REF] Novoselov | Room-temperature quantum hall effect in graphene[END_REF]. The flake can be aligned with the final substrate by a microscope (4), and brought in contact [START_REF] Chandra | Water-dispersible magnetite-reduced graphene oxide composites for arsenic removal[END_REF]. By slowly peeling off the PDMS stamp (6), the flake can be deposited on the substrate [START_REF] Frisenda | Recent progress in the assembly of nanodevices and van der waals heterostructures by deterministic placement of 2d materials[END_REF] Figure 3.3.2 (a) shows the thin flake stamp on the prepared device. One can even first drop the target material onto the prepared device, then stamp hBN on top of the target material as the protection layer. The 3.3.2 (b) displays the flake before and after stamping on the silicon substrate. Sometimes during the stamping process, the thin layer or monolayer of material breaks into several pieces due to the strain from the PDMS block. 

Dry release transfer: polypropylene carbonate(PPC) film

The stacking of a few single two-dimensional materials to form the heterostructures is required to construct the layered stack with the desired properties. But the main problem of the fabrication process is the cleanliness of the interfaces between the different twodimensional materials, which will have an impact on device performance. Clean interfaces between two-dimensional materials lead to a better performance of the device [START_REF] Wang | One-dimensional electrical contact to a twodimensional material[END_REF] [START_REF] Cui | Multi-terminal transport measurements of mos2 using a van der waals heterostructure device platform[END_REF]. The contaminants that exist between layers tend to gather together into 'blisters,' resulting in the deterioration of the transport properties [START_REF] Av Kretinin | Electronic properties of graphene encapsulated with different two-dimensional atomic crystals[END_REF].

The PPC dry transfer technique has been demonstrated to be a rapid and clean fabrication procedure for van der Waals heterostructures in an ambient atmosphere [START_REF] Pizzocchero | The hot pick-up technique for batch assembly of van der waals heterostructures[END_REF]. The blisters of trapped contamination between the layers are observed in several samples [START_REF] Pizzocchero | The hot pick-up technique for batch assembly of van der waals heterostructures[END_REF], but it can be totally eliminated by stacking individual monolayers into van der Waals heterostructures at temperatures of 110 • C.

The flakes can be repeatedly picked up or dropped down at the desired positions when the temperature is above the glass transition temperature of the PPC polymer. By using the oxygen plasma treatment of the PDMS before attaching the PPC film to the PDMS, the adhesion force can be increased between the PPC and the PDMS, and so avoid the delamination at higher temperatures. Figure 3.4.1 shows the flow process of making heterostructures with the PPC film. Before the transfer process, we need to prepare the PPC film by spin coating. In this case, first, we put one drop of PPC solution on the silicon substrate at 2000rpm for 1 min. After that, keep it on the hot plate at 90•C for 1 min, then the PPC film is ready. The way to transfer the PPC film on top of PDMS is by making a hole in the scotch tape. Afterward, by attaching the scotch tape to the PPC film, we can recapture the PPC film after separating the PPC from the silicon substrate and transfer it to PDMS, shown in Figure 3.4.1 (i).

Figure 3.4.2 is an example of the transfer process. Figure 3.4.2 (a)(b)(c) are the top-BN, bottom-BN, and graphene before the transfer process onto the silicon substrate. The first step to make the heterostructure is picking up the top hexagonal boron nitride (hBN) at 40 • C. In the beginning, we attach the PPC film to the substrate to form a small touching point, then heat up the temperature to 40 • C. The PPC touching point will expand during the heating process, and the film will entirely cover the BN flake in the end. The BN flake can be lifted from the substrate to the PPC film during the cooling process until cooling to room temperature 25 • C. A temperature of 40 • C is sufficient to separate hBN from SiO 2 substrates by using the PPC/PDMS block. It is important to mention that a plasma pretreatment on hBN favors the PPC film lifting the hBN. shows how to drop the top BN/Graphene/BN sandwich on the prepared device when the temperature is above 110 • C. Is it possible to control the landing location of the stack on the substrate or on the prepared device? The top hBN stays on the substrate when we detach the PPC film/PDMS/glass slide from the substrate. In this device, we first prepared a graphite flake that connected electrodes as the back gate, the red circle in Figure 3.4.2 (h). Figure 3.4.2 (h) also demonstrates the stack can be precisely located at the position we want. Using the reactive ion etching, we can etch through the top BN and then make the electrodes connect with the resonator after lithography. 

Dry release transfer: polycarbonate(PC) film

Even though the PPC film is a useful technique to fabricate boron nitride encapsulated graphene heterostructures, it is hard to pick up some of the other two-dimensional materials, such as CVD-grown WS 2 , MoS 2 , etc. In order to couple graphene with TMDCs, polycarbonate(PC) films have been used to fabricate graphene/TMDCs heterostructure in our work. The PC dry transfer process can also remove blisters from fully formed heterostructures [START_REF] Dg Purdie | Cleaning interfaces in layered materials heterostructures[END_REF]. The PC dry transfer method also enables the heterostructure interfaces to be cleaned simultaneously. The interfaces in other techniques need to be cleaned sequentially [START_REF] Wang | One-dimensional electrical contact to a twodimensional material[END_REF]. Furthermore, this cleaning method also allows heterostructures based on different two-dimensional materials, such as hBN/MoS 2 and hBN/Graphene/MoS 2 [START_REF] Dg Purdie | Cleaning interfaces in layered materials heterostructures[END_REF].

In the beginning, a PC film is prepared by drop-casting a solution in chloroform (5 % weight percentage of polycarbonate crystal on chloroform solvent) on a glass slide. Then, the second glass slide is used to squeeze and spread the PC solution between the two slides. The slides have to be immediately slipped apart and remaining it on the glass slide to enable the chloroform to evaporate. After the drying process, the PC film is ready to be picked up and mounted onto the PDMS. A detailed description of the PC film preparation is shown in Figure 3.5.1. Fig. 3.5.1 The preparation of PC film [START_REF] Dg Purdie | Cleaning interfaces in layered materials heterostructures[END_REF] The process starts by placing the PC film carefully to attach the target hBN flake, then lifting the glass slide while maintaining the substrate at 40 • C, Figure 3.5.2 (a). This chosen temperature allows the PC film to pick both hBN and graphene flakes with an almost 100 % success rate, and it would be lower at room temperature. The hBN sticks to the PC film and is removed from the SiO 2 /Si substrate when the stamp is lifted, Figure 3 The advantage of the PC film is that it is possible to directly lift the monolayer graphene or TMDs from the substrate. The PPC film can only pick up hBN from the substrate, but not monolayer graphene or other TMDs. In this case, for example, if we want to make a simple heterostructure such as a graphene/WS 2 stack, we can simply pick up monolayer graphene and then drop it onto the monolayer WS 2 . PC dry-release transfer is an easy way to couple graphene with other TMDs with a very high success rate. 

Dry release transfer: polycaprolactone (PCL)

The main advantage of PCL film is avoiding the temperature effect from heating during the fabrication process because the dropping down the temperature is only 65 • C. I tried this method to help the another Ph.D. student in our group. In his case, he is working on a temperature-sensitive material, a topological insulator BiBr, which degrades when the temperature is higher than 120 • C. Therefore, in this kind of material, we can first prepare a designed device and then use the low-temperature transfer method to land the target material on the device in order to prevent degradation or phase transition.

The PCL stamp was prepared in the following steps, which are similar to the reference [START_REF] Son | Strongly adhesive dry transfer technique for van der waals heterostructure[END_REF]. First, the polycaprolactone (Sigma Aldrich, average Mn: 80 000) was dissolved in a tetrahydrofuran (THF) solvent. The mass percent of the mixture was% PCL in THF. Afterward, I kept the mixture in the magnetic stirrer for more than seven days until it completely dissolved. The dissolved solution formed a viscous and transparent liquid. After I got the mixture, I used a similar way to prepare the PCL film as the Figure 3.5.1. In the Pick-up and drop-down of vdW flakes, I first tried the same pick-up and drop-down conditions as the reference, but the success rate was very low (20%). In the meantime, the monolayer became many pieces after the pick-up process due to the strong adhesion of PCL film. The reference [START_REF] Son | Strongly adhesive dry transfer technique for van der waals heterostructure[END_REF] shows the same consequence as in my test. Thus, I found that if I kept the temperature lower than 52-55 • C in the pick-up process, the PCL film would not turn liquid state and could still pick up monolayer TMDs. At this pick-up temperature, the monolayer remains an intact slice and still be able to pick up the monolayer. In the end, we can drop the stack or monolayer at 65 • C onto the prepared device. By this method, we can avoid the degradation at high temperatures in the transfer process or in the lithography process, which is useful for our group members who are working on topological insulator BiBr (<120 • C) or perovskite 2D material MAPbI 3 (<85 • C).

Deposition of molecular layers: by molecule beam epitaxy and drop-casting Molecule Beam Epitaxy

Molecule Beam Epitaxy (MBE) is widely used in the manufacture of molecular layers on substrates or devices. The fundamental information about MBE will be presented in this section, which includes the basic description of the Ultra-High Vacuum (UHV) environment. There are many books in the literature that explain in more detail the technical information [START_REF] Herman | Molecular beam epitaxy: fundamentals and current status[END_REF] [START_REF] Farrow | Molecular beam epitaxy: applications to key materials[END_REF].

Most thin-film deposition techniques demand a clean environment with high vacuum pressures from 10 -9 Torr. MBE is a technique that requires an even better vacuum. Typically, the base pressure in the growth reactor before starting the deposition process needs to be 10 -10 to 10 -11 Torr range. The key reason for the demand for ultra-low pressure is the high quality of MBE-grown films. 10 -9 Torr is a normal limit value for the necessary pressure because the mean free path has to be larger than the distance between the substrate and the beam sources. This value of pressure is the basic demand and is not sufficient. Actually, the main reason for a UHV MBE environment relates to the contamination of the target molecules that ensure the high purity of the film. The duration of the deposition of one monolayer can be described as the partial pressure through the definition of the flux (number of molecules that hit the surface per unit area in a few seconds):

ω i = ρ i N A 2πκ B M i B (3.7.1)
The ω i is the flux of species i, ρ i is the partial pressure of the species i, and M i is the molar mass of the species i. N A and κ B are Avogadro and Boltzmann constants. For example, by using typical growth rates for GaAs through MBE, the maximum pressure of the residual gases in the vacuum reactor is about 10 -11 Torr. That means the deposition process can only proceed in a highly efficient UHV environment. The substrate manipulator and source cells are the important parts of the growth module, as shown in Figure 3.7.1. Before mounting the substrate for the MBE deposition process, it is important that the substrate heater and the source cells are heated above the growth temperature to degas all the remaining contaminants adsorbed on the surface. After the degassing process, the substrate manipulator and effusion cells are then cooled down to the operating temperatures. Of course, the molecular sources have been checked before loading the substrate into the chamber. The prime sources in MBE are thermal effusion cells directly mounted in the growth chamber, and desired evaporation rate can be achieved by increasing the cell temperature, which directly affects the molecular flux. After the preparation work, the substrate can transfer to the sample holder in the chamber. The substrate temperature is one of the crucial parameters during growth. Then, by controlling the shutters in the cells where containing the desired material, the deposition can proceed.

Drop-casting method

Drop casting is a basic, simple, and low-cost method for the deposition of molecular layers, see Figure 3.7.2. This method has been used for the formation of small coatings on limited surfaces, and it needs only a very small amount of solvent. This technique is similar to spin coating, but the main difference is that no substrate spinning is required. And the drop is poured on the substrate or device and allowed to dry out without spreading. The film thickness and properties only depend on the volume of the solution dispersion and concentration. Other factors which affect the film structure are the rate of evaporation and the drying process. The films formed using this method used to be non-uniform due to inconsistent drying conditions and uneasy control. The formed films are thicker at the center and thinner at the edges. In this kind of method, volatile solvents are normally preferred, which can well wet the substrate.

One of the advantages of spin coating is less waste of material. But on the other hand, there are several drawbacks of this method, including difficulty in controlling the thickness of the film and non-uniform film formation on substrate or device. 

Device fabrication process

After we got the desired monolayer or heterostructure, we used electron beam lithography, reactive etching, and physical vapor deposition to create a device on the monolayer or heterostructure. This section goes over the fabrication of the device step by step. Note that what is presented here is a general overview of the steps involved and the challenges that we faced in the process.

The main tool in the fabrication is electron beam lithography. Electron beam lithography (e-beam lithography) is a technique that uses an accelerated beam of electrons to pattern the designed device on substrates that have been coated with an electron beam sensitive, positive resist. When the electron beam spot on the resist, the solubility of the resist changes, enabling selective removal of exposed regions of the resist by immersing the sample in a developer. In our lab, we have a spin coater and two types of positive resist, PMMA, and CSAR, as seen in Figure 3.8.1 (a). Normally, we used PMMA resist in the fabrication of ohmic contacts (Ti/Au) and CSAR resist for the superconducting contact because CSAR is better adapted to sputtered contacts, such as the deposition of superconducting Molybdenum Rhenium alloy (MoRe). After the spin coating, we can draw a designed pattern on the resist, precisely on the monolayer or heterostructure, through an e-beam lithography system, as shown in Figure 3.8.1 (b).The positive resist can be removed by immersing the sample in the developer, then the designed pattern appears. Afterward, in the hBN encapsulated graphene or stack, reactive ion etching is etched through the covered hBN layer in order to reach graphene for making 1D contact. When we have the desired pattern after the developing process, we used the electron beam PVD to deposit Ti/Au contacts on the device, and the DC sputtering PVD is used in the superconducting contacts Molybdenum Rhenium alloy (MoRe), as seen in the Figure 3.8.1 (d). The final step is removing the unwanted metallic films after deposition by lift-off procedure, immersing the sample with a lift-off solution. If everything goes well, the film deposited on the designed pattern should stay while the film deposited on the resist should be washed away.

When there is only monolayer two-dimensional material or thin heterostructure (< 50nm), the recipes that we used are shown in Figure 3.8.3 No.1 and No.2. However, when the thickness of van der Waals heterostructure is higher than 50nm, cracks appear after immersing the sample in the developer, and can lead to short circuit problems, seen in the Figure 3.8.2. The cracks are probably caused by the strain inside the resist due to the height of the van der Waals heterostructure. Therefore, I developed three recipes to eliminate the cracks problem, seen in Figure 3.8.3 recipes 3, 4, and 5. By the increase of the thickness of the resist as recipe 3, three layers PMMA, we can avoid the cracks after developing the process at room temperature. Or, we keep the developer in the refrigerator and immerse the sample in low-temperature developer after e-beam lithography. Both methods can well eliminate the crack problem after removing the resist in the developer. The schematic process of dry transfer and device fabrication can be seen step by step in section 3.9.2. The cracks appear after the developing process on the heterostructure due to the strain of the resist. The thickness of the van der Waals heterostructure in the test sample is higher than 300nm. 

Contribution to other research projects

In my main Ph.D. project, I had to wait for the MBE deposition of the molecular layer on a graphene device in another laboratory. Therefore, I took advantage of my spare time to help other researchers, postdocs, or Ph.D. students in the fabrication of van der Waal heterostructure for their research projects. In general, we started with the fabrication of the target two-dimensional material they needed. Then, depending on the dry transfer methods that I knew, we figured out a reliable method to fabricate the van der Waal heterostructure for them. Either I directly fabricated the stack for them, or I taught them the necessary dry transfer methods for their project. In section 3.9.1, I briefly explain the projects that I participated in during my Ph.D. career. Most pictures in section 3.9.1 were taken during the fabrication process, which didn't appear in the published article. In addition, I add my third project as an example to show how I make stacks and the process of device fabrication in section 3.9.2.

Published works

Substrate influence on transition metal dichalcogenide monolayer exciton absorption linewidth broadening

This project has been accomplished with Luiz TIZEI, Steffi WOO, and Fuhui SHAO from the Scanning Transmission Electron Microscopes (STEM) group in LPS [START_REF] Shao | Substrate influence on transition metal dichalcogenide monolayer exciton absorption linewidth broadening[END_REF]. An hBN/WS 2 /hBN sample was deposited onto the holey carbon support TEM grid, and an hBN/WS 2 sample deposited onto a 15nm amorphous SiNx windowed TEM grid was made for the STEM group. Both samples also include regions where the TMD is not fully encapsulated by hBN (i.e., regions of freestanding WS 2 , WS 2 /hBN, and WS 2 /SiNx). This provided many substrate configuration combinations to study the effects of hBN and/or SiNx as substrates for TMDs, and how they can influence the exciton absorption linewidths, as measured using electron energy-loss spectroscopy in an electron microscope. In addition, the TMD monolayer roughness was measured using nano-beam electron diffraction, finally demonstrating that monolayer roughness trends directly with the exciton linewidth. However, it is the interfacial cleanliness and substrate-induced charge trapping that contribute the most to linewidth broadening.

I used hBN/WS 2 on the Si 3 N 4 TEM grid sample as an example to demonstrate the transfer process, as seen in Figure 3.9.1. The Figure 3.9.1 (a) and (b) are the thin hBN and CVD-grown monolayer WS 2 , and (c) is the optical microscope image while picking up WS 2 by hBN flake on PC film. Afterward, we dropped the stack on the Si 3 N 4 TEM grid. How to dop the stack on the fragile TEM grid was an obstacle because we had to immerse the hBN/WS 2 /Si 3 N 4 TEM grid into the chloroform solution to remove the PC film in the end, which can lead to losing the stack and breaking the grid. Figure 3.9.1 (f) is the enlarged image of (d), and (f) is the image of the other sample, the hBN/WS 2 /hBN sample deposited onto the holey carbon support TEM grid. 

Detection of graphene's divergent orbital diamagnetism at the Dirac point

This work has been done with the Ph.D. student, Jorge VALLEJO, in our group and with my supervisor Hélène BOUCHIAT [START_REF] Vallejo Bustamante | Detection of graphene's divergent orbital diamagnetism at the dirac point[END_REF]. The main idea of this project is to measure the gate voltage-dependent magnetization of a single graphene monolayer encapsulated between hBN by using a sensitive giant magnetoresistance (GMR) sensor. I was in charge of teaching Jorge how to fabricate monolayer graphene and hBN, as well as the PPC and PC dry transfer techniques, in order to build an hBN-encapsulated graphene stack. Eventually, we succeeded in creating hBN/Graphene/hBN vdw heterostructure, as seen in Figure 3.9.2 (a). In addition, we precisely landed the stack on the location we wanted on the GMR sensor, as shown in Figure 3.9.2 (b). 3.9.2 (b). 

Phase-dependent dissipation and supercurrent of a graphene-superconductor ring under microwave irradiation

This work was finished with the former postdoc Ziwei DOU and published in 2021 [START_REF] Dou | Phase-dependent dissipation and supercurrent of a graphenesuperconductor ring under microwave irradiation[END_REF]. I made a boron-nitride/graphene/boron-nitride (BN/G/BN) stack for him and dropped it on a superconducting (MoRe) resonator at the location he preferred. Figure 3.9.3 shows the SEM and optical microscope images of the final device. 

Ongoing projects

Edge state of spin-orbit induced band inversion in WS 2 encapsulated bilayer graphene via proximity effect In this section, I use an unfinished project of mine to describe the stacking process of vdw heterostructure and the process of device fabrication, which are related to many tools that I mentioned in the previous sections. Figure 3.9.4 (a) (a) shows the Sketch of the structure of the stack in this project, and (b), (c), (d) are bilayer graphene, monolayer top WS 2 , and monolayer bottom WS 2 . The bilayer graphene was made by exfoliation. The monolayer WS 2 was obtained by the Au-assisted exfoliation, and the size of monolayer WS 2 is bigger than 50um, which eases the fabrication of the vdw heterostructure during the transfer process. Figure 3.9.4 (e) and (f) are the bottom hBN and graphite back gate. By the PC dry transfer method, we can establish WS 2 /BLG/WS 2 /hBN/Graphite stack, as shown in Figure 3.9.4 (g). The (h) is the enlarged optical microscope image of (g). The bilayer graphene can be seen simply by changing the contrast of OM. After the lithography process, I succeeded in making the Superconductor-normal metal-superconductor (SNS) junction with Molybdenum Rhenium (MoRe) superconducting contacts. Then I used the PDMS stamp method, like section 3.3, covering the top hBN upon the device, as shown in Figure 3.9.4 (i). In the end, I did lithography again to deposit Ti/Au as the top gate on the SNS junctions. All the steps in the device fabrication process are displayed in Figure 3.9.5. After we got the desired vdw heterostructure, I chose recipe 4 (shown in Figure 3.8.3) for this work because the estimated thickness of the vdw heterostructure is larger than 50nm. In the beginning, I used the spin coater coating PMMA A6 950 resist on the substrate, then drew the cross marks pattern close to my target stack by the e-beam lithography. After immersing the substrate into the developer, the cross marks are clearly seen, as shown in Figure 3.9.5 (a) and (b). Those cross marks are important for us to identify the location of bilayer graphene so that we can precisely draw the designed pattern on the bilayer graphene. Afterward, we used e-beam lithography again to make the designed pattern accurately on the bilayer graphene with the help of cross marks. After drawing the designed pattern by e-beam lithography and removing the resist by the developer, the designed device pattern is exactly located on the position of bilayer graphene, as seen in Figure 3.9.5 (c) and (d).

Before the deposition of MoRe superconducting contacts, it's important to notice that we have to use the reactive ion etching or ion beam etching to etch through the top monolayer WS 2 in order to reach the bilayer graphene (WS 2 /BLG/WS 2 /hBN/Graphite). After the etching step, we keep the sample in a high vacuum sputtering PVD chamber to deposit the MoRe superconducting contacts on the sample. Then, we immersed the sample in the Dimethyl sulfoxide (DMSO) solvent to remove the resist. The following step is to cover the device with top hBN. In this case, we directly exfoliated hBN on PDMS and then stamped the hBN as a dielectric layer upon the region of the junction, as the description in section 3.3. After the etching, PVD deposition, and stamping hBN steps, the image of junctions have shown in Figure 3.9.5 (e) and (f). The length between 2 contacts is around 300nm. Finally, we did spin coating of resist, e-beam lithography, Ti/AU deposition by e-gun PVD, and lift-off again to create top gates on hBN. The images of the final device are in Figure 3.9.5 (g), (h). From work in chapter 4, we showed that the strong spin-orbit interactions induced in graphene by WS 2 lead to the formation of quasi-ballistic edge states, which are stabilized by the strong SOIs. The effects of proximity-induced SOI on van der Waals heterostructures built around bilayer graphene (BLG) and tungsten diselenide (WSe 2 ) have been confirmed in the formation of a distinct incompressible, gapped phase at charge neutrality by using high-resolution capacitance measurements, to enable observation of new topological phases [START_REF] Jo Island | Spin-orbit-driven band inversion in bilayer graphene by the van der waals proximity effect[END_REF]. This research paved the way for us to go further in the investigation of strong SOI induced in graphene by WS2. The vdw heterostructure is shown in Figure 3.9.4 3.9.4 (a).

Before closing the SQUID loop

We plan two steps for the investigation of this sample. First, before closing the SQUID loop (red circle in Figure 3.9.5 (h)), the device is a simple SNS junction. In the beginning of the measurement, a resistance map as a function of the top gate and bottom gate can be a useful tool to indicate the emergence of a gate-tunable insulating state and edge state. Afterward, by controlling the magnetic field and different dephasing effects, the Fraunhofer pattern can be a beautiful method to exhibit interference effects and to investigate the transition of bulk state to edge state by tuning the top gate and bottom gate voltage. In the higher field regime, we should be able to see robust proximity-induced superconductivity that persists in high magnetic fields due to the protected quasi-ballistic edge states.

After closing the SQUID loop

After the transport measurement of a simple SNS junction, we can close the SQUID loops by deposition of tungsten in the device (red circle in Figure 3.9.5 (h)). Because the transport is expected to occur ballistically along two edges of bilayer graphene with strong induced SOIs, we can use the extreme sensitivity of the "current-phase" relation (CPR) between the Josephson current (I j ) flowing through bilayer graphene and the superconducting phase difference at its ends monitored by the flux through the SQUID φ . The CPR of a Superconductor/Insulator/Superconductor (SIS) Josephson junction is known as sinusoidal I j (φ )=I J sinφ , where I C is the critical current [START_REF] Avraamovitch Golubov | The currentphase relation in josephson junctions[END_REF].We expect to find the superposition of two sawtooth-shaped signals of slightly different periods demonstrating the ballistic conduction along two edges of the bilayer graphene.

Fano resonance on graphite/WS 2 /graphite sample deposited onto sapphire(0001) substrate.

The graphite/WSS 2 /graphite sample was deposited onto a sapphire(0001) substrate made for the STEM group. This sample was used for optical extinction measurements at 6K by their collaborators to confirm the results observed in electron energy-loss spectroscopy on similar samples deposited onto holey carbon support TEM grids. Following the work of substrate effects, graphite, which should also satisfy all the criteria of a good substrate but as a conductor, was also investigated. Similar to the hBN encapsulation sample, graphite encapsulation also demonstrated narrow exciton absorption linewidths. However, asymmetric (instead of Lorentzian) lineshapes reminiscent of Fano resonance were observed. Such lineshapes can be described by a two-dimensional sheet conductivity model of the TMD in the presence of the conductive environment to reflect the electromagnetic coupling between the TMD and the graphite. The results from these samples are summarized in a manuscript in preparation (Steffi Woo et al.). 

Chapter 4 SOI Enhanced Robustness of Supercurrent in Graphene/WS 2 Josephson Junctions

In this chapter, we describe the study of graphene/WS 2 Josephson Junctions. We present the results showing that spin-orbit interactions (SOIs) enhances the robustness of the measured supercurrent. The text and figures are published in our article [START_REF] Wakamura | Spin-orbit-enhanced robustness of supercurrent in graphene/ws 2 josephson junctions[END_REF], and I was in charge of carrying on the measurement and plotting the result figures from experimental data.

In this work, we demonstrate the enhanced robustness of the supercurrent through graphene-based Josephson junctions in which strong spin-orbit interactions (SOIs) are induced. We compare the persistence of a supercurrent at high out-of-plane magnetic fields between Josephson junctions with graphene on hexagonal boron-nitride and graphene on WS 2 , where strong SOIs are induced via the proximity effect.We find that in the shortest junctions both systems display signatures of induced superconductivity, characterized by a suppressed differential resistance at a low current, in magnetic fields up to 1 T. In longer junctions, however, only graphene on WS 2 exhibits induced superconductivity features in such high magnetic fields, and they even persist up to 7 T. We argue that these robust superconducting signatures arise from quasiballistic edge states stabilized by the strong SOIs induced in graphene by WS 2 .

Motivation

Magnetic fields are known to be detrimental to ordinary s-wave superconductivity because of the pair-breaking effect of the Zeeman component, which can flip the spins in the spin-singlet Cooper pair [START_REF] Tinkham | Introduction to superconductivity[END_REF]. Magnetic fields also affect superconductivity via an orbital effect, a geometry dependent dephasing of Cooper pairs by the vector potential. This orbital effect determines the field-dependent interference pattern of the critical current in spatially extended Josephson junctions [START_REF] Cuevas | Magnetic interference patterns and vortices in diffusive sns junctions[END_REF] [START_REF] Crouzy | Magnetic interference patterns in long disordered josephson junctions[END_REF].

Spin-orbit interactions (SOIs) play a crucial role in mitigating these field-induced pairbreaking effects. Recently, Ising pairing in transition-metal dichalcogenides (TMDs)was found to confer the robustness of superconductivity owing to spin-momentum locking, by which the spin polarization of Cooper pairs is prevented [START_REF] Lu | Evidence for two-dimensional ising superconductivity in gated mos2[END_REF] [START_REF] Xi | Ising pairing in superconducting nbse2 atomic layers[END_REF]. While the role of SOIs in stabilizing the spin component of the Cooper pair was emphasized in many previous studies, the effect of SOIs on orbital depairing is only beginning to be explored [103][104].

In this Letter, we demonstrate that SOIs can enhance the superconducting proximity effect in high out-of-plane magnetic fields in graphene-on-WS 2 -based Josephson junctions. These junctions consist of graphene encapsulated between hexagonal boron nitride (hBN) and WS 2 , which induces strong SOIs in graphene via the proximity effect [START_REF] Ando | Berry's phase and absence of back scattering in carbon nanotubes[END_REF][START_REF] Wang | Strong interface-induced spin-orbit interaction in graphene on ws2[END_REF][START_REF] Wakamura | Strong anisotropic spin-orbit interaction induced in graphene by monolayer ws 2[END_REF][START_REF] Zihlmann | Large spin relaxation anisotropy and valley-zeeman spin-orbit coupling in wse 2/graphene/h-bn heterostructures[END_REF][START_REF] Wakamura | Spin-orbit interaction induced in graphene by transition metal dichalcogenides[END_REF]. The magnetic field dependence of the critical current through graphene-based superconductor-normalmetal-superconductor junctions has been already extensively studied [START_REF] Ben | Quantum oscillations of the critical current and high-field superconducting proximity in ballistic graphene[END_REF][START_REF] Victor E Calado | Ballistic josephson junctions in edge-contacted graphene[END_REF][START_REF] Iv Borzenets | Ballistic graphene josephson junctions from the short to the long junction regimes[END_REF]. It is characterized by a Fraunhofer-like pattern resulting from interference between the uniformly distributed Andreev pair trajectories and decays rapidly at fields above a few flux quanta through the sample. However, specifically in very clean short ballistic junctions, residual supercurrent periodic oscillations at very high fields were observed and associated with the physics of the quantum Hall (QH) effect [START_REF] Amet | Supercurrent in the quantum hall regime[END_REF].

In addition, we also investigate junctions in the opposite, diffusive limit. The junction lengths (L) range between 100 and 500 nm from the short-to long-junction regimes. Although the junctions are diffusive, surprisingly, we find clear signatures of induced superconductivity with manifestations of a supercurrent even in magnetic fields in the Tesla range for the graphene-on-WS 2 junctions. By contrast, this behavior is not observed for graphene-onhBN junctions outside the short ballistic regime, i.e., for lengths greater than L=200nm. We argue that this robust induced superconductivity arises from quasiballistic trajectories along the sample edges, stabilized by strong SOIs induced in graphene by WS 2 .

Sample description and characterization in low field

We compare two types of samples: hBN/graphene/WS 2 (Gr/WS 2 ) and hBN/graphene/hBN (Gr/hBN) junctuibs. Graphene and hBN are mechanically exfoliated from graphite and hBN crystals, and monolayer WS 2 flakes are grown by chemical vapor deposition [START_REF] Reale | Highmobility and high-optical quality atomically thin ws 2[END_REF]. hBN and graphene are picked up by the typical dry-transfer technique with polydimethylsiloxane(PDMS) and polypropylene carbonate(PPC) and then deposited onto WS 2 or hBN [START_REF] Wang | One-dimensional electrical contact to a twodimensional material[END_REF]. One-dimensional superconducting contacts are patterned by electron beam lithography, followed by reactive ion etching and sputtering 100nm MoRe. MoRe is a type-II superconductor with high critical field H c2 80000G (8T) and critical temperature T c ≃10K [START_REF] Amet | Supercurrent in the quantum hall regime[END_REF]. The junctions are defined by their length (L) and width (W), W ≃10m for all samples, whereas L varies between 100 and 500nm, as seen in the Figure 4.2.1 (a). Measurements are performed in a dilution refrigerator, at 100mK unless otherwise specified, using a conventional lock-in technique.

From the previously demonstrated studies via weak antilocalization that graphene on TMDs acquires by proximity strong SOIs thanks to the heavy elements such as molybdenum (Mo) or tungsten (W) that they contain [START_REF] Wakamura | Strong anisotropic spin-orbit interaction induced in graphene by monolayer ws 2[END_REF][START_REF] Wakamura | Spin-orbit interaction induced in graphene by transition metal dichalcogenides[END_REF][START_REF] Xiao | Coupled spin and valley physics in monolayers of mos 2 and other group-vi dichalcogenides[END_REF]. While the intrinsic SOI in graphene is small (24eV) [START_REF] Gmitra | Band-structure topologies of graphene: Spin-orbit coupling effects from first principles[END_REF], it is enhanced by contact with a TMD flake, up to 1meV-10meV depending on the type and thickness of the TMDs. Specifically, it was found that monolayer tungsten-based TMDs such as WS 2 or W Se 2 induce the strongest SOIs in graphene [START_REF] Wakamura | Strong anisotropic spin-orbit interaction induced in graphene by monolayer ws 2[END_REF][START_REF] Wakamura | Spin-orbit interaction induced in graphene by transition metal dichalcogenides[END_REF]. Therefore, our Gr/WS 2 junctions include graphene with strong SOIs as a normal region. Since the resistivity of the TMDs is much larger than that of graphene, the electrical current can be considered to flow entirely through the graphene in the Gr/TMD bilayer. We first discuss the results in the normal state. 4.2.1 (b) displays a typical gate voltage (V g ) dependence of the resistance (R) for Gr/WS 2 and Gr/hBN junctions (L = 500 nm) measured above the T c of MoRe in zero field. The Dirac peak is sharper in the Gr/hBN junction than in the Gr/WS 2 , indicating that the mobility of graphene on hBN is higher than that of graphene on WS 2 . While it is reported that multilayered TMD flakes may constitute as flat and clean substrates for graphene as hBN [START_REF] Jo Island | Spin-orbit-driven band inversion in bilayer graphene by the van der waals proximity effect[END_REF], we note that in our experiments we work with monolayer TMD grown by chemical vapor deposition, which may contain polymer residues left over from the transfer process to the sample substrates and which also is not as flat as the multilayer hBN used for the Gr/hBN junctions. In fact, all the Gr/hBN junctions have higher mobility than the Gr/WS 2 junctions. Particularly, the Gr/hBN junction with L = 100nm displays oscillations of R with V g in the hole-doped region, consistent with previous reports of Fabry-Perot oscillations [START_REF] Ben | Quantum oscillations of the critical current and high-field superconducting proximity in ballistic graphene[END_REF][START_REF] Victor E Calado | Ballistic josephson junctions in edge-contacted graphene[END_REF]. This is also in agreement with our estimate of a mean free path l e 100nm from diffusive samples whose L is longer than l e . Interestingly, Fabry-Perot oscillations are not observed in Gr/WS 2 junctions even for L = 100 nm, consistent with the lower mobility of Gr/WS 2 junctions.

After cooling the sample below Tc of the superconducting contacts, we measured the differential resistance (dV=dI) as a function of the dc current (Idc) and magnetic field (B) around zero field. A small ac current Iac was added to Idc, and the corresponding ac voltage was detected by a lock-in amplifier, yielding dV/dI. We note that the critical current (Ic), defined by Idc at which dV/dI is maximum, is larger for the Gr/hBN junction than that for the Gr/WS 2 junction. This indicates that the induced superconductivity is stronger for the Gr/hBN junction at low fields and is consistent with the higher mobility of the Gr/hBN junctions [see Fig. The low field behavior displayed in Fig. 4.2.1(c),(d) is the expected Fraunhofer-like interference pattern for a supercurrent flowing uniformly throughout the entire width of the graphene sheet [START_REF] Tinkham | Introduction to superconductivity[END_REF][START_REF] Cuevas | Magnetic interference patterns and vortices in diffusive sns junctions[END_REF][START_REF] Crouzy | Magnetic interference patterns in long disordered josephson junctions[END_REF].Whereas the value of Ic varies for different junctions, similar behaviors are observed for all junctions. The oscillation period corresponds to the junction area if the magnetic focusing effect is taken into account [START_REF] Murani | Andreev spectrum with high spin-orbit interactions: revealing spin splitting and topologically protected crossings[END_REF][START_REF] Hj Suominen | Anomalous fraunhofer interference in epitaxial superconductor-semiconductor josephson junctions[END_REF][START_REF] Gu | Properties of niobium superconducting bridges prepared by electron-beam lithography and ion implantation[END_REF].

Characterization in high field

To investigate the induced superconductivity at high fields, we next increased B around 1T (10000G) and similarly measured dV/dI as a function of Idc and B. Figure 4.3.1 compares Gr/WS 2 and Gr/hBN junctions with different L (L = 100, 300, and 500nm). Considering the relation between the Thouless energy (E T = ℏD/L 2 ) with the diffusion constant D in the diffusive regime and E T = ℏv F /L in the ballistic regime) and the superconducting gap ∆ 0 (= 1 meV) of MoRe, both L = 100nm junctions are in the short-junction limit (E T > ∆), while the others are in the long-junction limit (E T < ∆). Interestingly, for the shortest, L = 100nm, junctions, a relatively large 100nA wide dip of dV/dI is observed in certain fields, even around 8000G for both Gr/WS 2 and Gr/hBN junctions, and oscillates as a function of B. In the previous study on graphene ballistic Josephson junctions [START_REF] Ben | Quantum oscillations of the critical current and high-field superconducting proximity in ballistic graphene[END_REF], field dependent and sample-specific differential resistance dips at a low current were also observed around 5000G, and the B and V g regions of low dV/dI were termed "superconducting pockets." In our shortest samples, the superconducting pockets are still visible around B = 16000G for the Gr/WS 2 junction. We note that all Gr/WS 2 junctions, even the shortest one with L = 100 nm, are in the diffusive limit because of the shorter l e . Whereas the field dependence is similar for both types of 100-nm-long junctions, we find a stark difference for the longer junctions, L = 300 and 500nm. While superconducting pockets persist around B = 10000G for Gr/WS 2 , they are clearly suppressed for Gr/hBN. We note that the typical oscillation field scale of the superconducting pockets is about 1.5G, identical to the width of the Fraunhofer-like pattern main lobe. Red and light green curves are from Gr/WS 2 and Gr/hBN junctions, respectively. The suppressed dV/dI at low Idc, signature of an induced superconducting proximity effect, is clearly visible for the Gr/WS 2 junctions of every length but only for the shortest Gr/hBN junction. In (g), the peak (or bump) of dV/dI for Gr/hBN is located out of the range of Idc in the measurement, and in (h) [(i)], the dV/dI for Gr/hBN (Gr/WS 2 ) is vertically shifted to compare to that for Gr/WS 2 (Gr/hBN). The residual resistance around 50 at Idc = 0 for (a)-(i) arises from the measurement wires. The dashed line in (g) represents the value of Idc, which defines Ic.

In 4.3.2, we provide the data from the L = 500nm Gr/WS 2 junction, displaying how the oscillations persist up to 70000G. These results demonstrate that superconducting pockets can persist at much higher fields for Gr/WS 2 than for Gr/hBN, in the longest junctions. Beyond these dV/dI maps as a function of Idc and B in limited field regions, a broader picture can be obtained by following dV/dI at zero dc current bias (ZBR) over a wide range of B. ZBR oscillates between the normal state resistance when no superconductivity is induced and has a minimal dV/dI in the middle of the superconducting pocket when the superconducting proximity effect is strongest. Figure 4.3.3 shows the ZBR as a function of B for all junctions. For L=100nm, the ZBR oscillates with a large amplitude both for Gr/WS 2 and Gr/hBN, even near B=18000G. On the contrary, for L = 300nm, oscillations are strongly suppressed, especially for B > 5000G for Gr/hBN, while they persist for Gr/WS 2 even at higher fields. The difference is even more striking for the L = 500nm junctions. The oscillation amplitudes are considerably different already at a small field, and large oscillations are visible at B = 18000G for Gr/WS 2 , while Gr/hBN exhibits almost no oscillations over the entire B range.

We now discuss possible mechanisms by which SOIs can enhance the robustness of the induced superconductivity at high fields. Superconducting pockets at high fields have already been discussed for ballistic junctions [START_REF] Ben | Quantum oscillations of the critical current and high-field superconducting proximity in ballistic graphene[END_REF] in terms of Andreev bound states mediated by chaotic ballistic billiard paths localized at the edges of graphene. Those paths can be considered a ballistic analog of the quasiclassical phase-coherent paths and produce mesoscopic fluctuations of the supercurrent [START_REF] Bl Altshuler | Mesoscopic fluctations in a superconductor-normal metal-superconductor junction[END_REF]. In the ballistic short junction limit, Ic is estimated as [START_REF] Beenakker | Universal limit of critical-current fluctuations in mesoscopic josephson junctions[END_REF].

I c = < I 2 c > -< I c > 2
δ I c ∼ e∆ 0 ℏ (4.3.1)
where ∆ 0 denotes the superconducting gap at T = 0. In the diffusive long-junction limit [START_REF] Bl Altshuler | Mesoscopic fluctations in a superconductor-normal metal-superconductor junction[END_REF][START_REF] Houzet | Mesoscopic fluctuations of the supercurrent in diffusive josephson junctions[END_REF],

δ I c ∼ eE T ℏ W L (4.3.2)
We find δ I c ∼ 240 nA from Eq. (4.3.1) expected to be adequate for short Gr/hBN junctions but slightly larger than our experimental value. Reduced experimental values compared to the theoretical ones were already reported [START_REF] Takayanagi | Mesoscopic fluctuations of the critical current in a superconductor-normal-conductor-superconductor[END_REF][START_REF] Doh | Tunable supercurrent through semiconductor nanowires[END_REF] and may be attributed to barriers at the normalmetal-superconductor interface, along with electromagnetic noise or finite temperature effects. We then estimate δ I c for diffusive junctions by using Eq. (4.3.2) and obtain δ I c ∼ 100nA and 50nA for L = 300 and 500 nm, respectively. The latter is in almost perfect agreement with the experimental result, while the former is larger than the experimental value. However, Eqs. (4.3.1) and (4.3.2) were evaluated for zero field. The field dependence of the critical current was recently theoretically investigated in two-dimensional ballistic junctions similar to our samples [START_REF] Meier | Edge effects in the magnetic interference pattern of a ballistic sns junction[END_REF]. As B increases, the supercurrent is localized near the edges, and I c decays faster (I c ∝ 1/B 2 ) than the typical current fluctuations I c [START_REF] Meier | Edge effects in the magnetic interference pattern of a ballistic sns junction[END_REF]. Moreover, those fluctuations can persist up to high fields for edges whose roughness is characterized by a correlation length of the order of or larger than the Fermi wavelength. In these conditions, they find δ I c = αE T /Φ 0 , independent of field, which corresponds to the current carried by one ballistic channel, with α = 2π/9 √ 3. This yields I c 200 nA for the 100-nm-long Gr/hBN junction, in qualitative agreement with our experimental findings. These high field fluctuations are specific to ballistic junctions and therefore not expected in the diffusive regime.

As we comment in the previous text, supercurrent fluctuations are still observed at B = 70000G for the L = 500nm Gr/WS 2 sample. This is clearly shown in Fig. 4.3.2. The difference in the oscillation amplitude between Gr/WS 2 and Gr/hBN junctions is most striking for L = 500 nm samples. Figure S6 displays the full data of dV/dI compared between Gr/WS 2 and Gr/hBN junctions for L = 500nm up to B = 70000G. While the amplitude of the oscillations decays as B increases, it is still much larger for Gr/WS 2 than for the Gr/hBN junction at 70000G. This data clearly shows that supercurrent fluctuations can persist even at high fields for graphene with strong SOIs. 

Explanation

In order to explain the robust supercurrent signatures that we find in the diffusive Gr/WS 2 junctions, it therefore seems necessary to consider the role of SOIs. SOIs favor the formation of edge states, epitomized by the topological quantum spin Hall phase. However, edge states can also exist in a nontopological system and coexist with bulk states of the same energy. Such edge states are in general sensitive to scattering, but some degree of protection against smooth disorder may exist if the edge states are well separated from bulk states in momentum space. Moreover, spin can also provide additional protection if the spins of the edge state and those of the nearby bulk band are opposite. In the case of graphene on WS 2 , the analysis of weak antilocalization experiments [START_REF] Wakamura | Strong anisotropic spin-orbit interaction induced in graphene by monolayer ws 2[END_REF][START_REF] Zihlmann | Large spin relaxation anisotropy and valley-zeeman spin-orbit coupling in wse 2/graphene/h-bn heterostructures[END_REF][START_REF] Wakamura | Spin-orbit interaction induced in graphene by transition metal dichalcogenides[END_REF] has shown that the induced SOIs have both a Rashba-type in-plane component and a tenfold larger out-of-plane component, predominantly of the valley Zeeman type probably [START_REF] Cummings | Giant spin lifetime anisotropy in graphene induced by proximity effects[END_REF][START_REF] David | Induced spinorbit coupling in twisted graphene-transition metal dichalcogenide heterobilayers: Twistronics meets spintronics[END_REF]. The combined effect of these two types of interactions was theoretically shown to generate nontopological edge states along zigzag edges [START_REF] Frank | Protected pseudohelical edge states in z 2-trivial proximitized graphene[END_REF]. To explore whether such edge states may explain the persistence and oscillations of supercurrent at high fields, the simulations of Ic as a function of B in graphene stripes containing different types of SOIs. We find that a supercurrent persists up to higher fields with SOIs than without SOIs, even when disorder is included.

We now examine the relation between these edge paths and the chiral edge states of the QH regime. The QH regime develops when the mean free path l e ≫ 2r c where rc is the cyclotron radius (l e = ℏk F /eB) [START_REF] Amet | Supercurrent in the quantum hall regime[END_REF]. At V g = 60V and B = 10000G, for example, 2r c 500nm, thus chiral edge states do not contribute to the Andreev bound states localized at the edge. We note that this 2r c value is much larger than l e = 30nm of L = 500nm Gr/WS 2 junction. At higher fields, r c becomes smaller than l e , so that the Landau localization of bulk states and the formation of chiral edge states may become relevant. We observe superconducting pockets even at 70000G for the Gr/WS 2 junction for L = 500nm, and δ I c ∼ 30nA, Figure 4.3.2. This value is, however, more than 1 order of magnitude larger than δ I c reported in the QH regime with a comparable r c for shorter and narrower junctions with better quality graphene [START_REF] Amet | Supercurrent in the quantum hall regime[END_REF]. This may indicate that the supercurrent enhancement by the SOIs can also be effective in the QH regime.

Another effect of SOIs recently suggested theoretically is the generation of spin-triplet supercurrent flowing close to the edge in combination with magnetic field or exchange interaction in superconductor-normal-metal-superconductor junctions [START_REF] Ag Mal'shukov | Inverse spin hall effect in superconductor/normal-metal/superconductor josephson junctions[END_REF][START_REF] Bergeret | Spin-orbit coupling as a source of long-range triplet proximity effect in superconductor-ferromagnet hybrid structures[END_REF][START_REF] Konschelle | Theory of the spingalvanic effect and the anomalous phase shift ϕ 0 in superconductors and josephson junctions with intrinsic spin-orbit coupling[END_REF][START_REF] Bergeret | Theory of the magnetic response in finite two-dimensional superconductors[END_REF]. The characteristic confinement length in this case should be the spin-orbit length λ so , estimated to be of the order of a few hundred nanometer for graphene with strong SOIs. Such a large extent would lead to a supercurrent suppression for fields much below the 10000 gauss range, so that this effect cannot explain the strong lateral confinement we observe. Another interesting possibility, edge supercurrents induced by two-dimensional vortex lattice formation because of Fermi surface warping [START_REF] Vp Ostroukh | Two-dimensional josephson vortex lattice and anomalously slow decay of the fraunhofer oscillations in a ballistic sns junction with a warped fermi surface[END_REF], also seems unlikely because such Fermi surface warping was not observed in the previous angular-resolved photoemission spectroscopy of similar graphene/WS 2 samples [START_REF] Henck | Electronic band structure of two-dimensional ws 2/graphene van der waals heterostructures[END_REF].

Conclusion

In conclusion, we have demonstrated robust proximityinduced superconductivity that persists in high magnetic fields for Gr/WS 2 Josephson junctions. Compared to the Gr/hBN control samples, all Gr/WS 2 junctions (with L between 100 and 500nm) have lower mobility and are in the diffusive regime. Nevertheless, and most strikingly for longer junctions, superconducting pockets are still observable at 70000G, whereas they are suppressed for Gr/hBN junctions with the same L. We argue that these robust superconducting signatures stem from quasiballistic states confined along the samples edges, stabilized by the SOIs. Because these edge states carry supercurrent at the micrometer scale, one could envisage further investigations, for instance using more elaborate structures for transport measurements, as well as other techniques such as STM or orbital magnetism measurements. Our findings provide important information for progress toward topological superconductivity in which the combined effects of superconductivity and SOIs play crucial roles.

Chapter 5

Iron Porphyrin(FeTPP) and Tetracyanoquinodimethane(TCNQ) deposited on graphene

Introduction

Fe-Porphyrin

In 1974, the organic molecule was first time used in a functionalized electronic device [START_REF] Aviram | Molecular rectifiers[END_REF]. The new application of molecular electronics has been widely investigated on the nanometer scale to observe some interesting phenomena, like tunneling electron transport, high-density molecular memory [START_REF] Nj Tao | Probing potential-tuned resonant tunneling through redox molecules with scanning tunneling microscopy[END_REF][START_REF] Li | Single-molecule electrical detection: a promising route toward the fundamental limits of chemistry and life science[END_REF], etc.

Recently, using magnetic molecular junctions as spin transport channels has been a novel research field for molecular spintronics [START_REF] Liu | Magnetic proximity, magnetoresistance and spin filtering effect in a binuclear ferric phthalocyanine from first principles[END_REF][START_REF] Zhang | Perfect dual spin filtering effect and large magnetoresistance in all-carbon devices based on c18 cyclo molecule from first principles[END_REF]. Many experimental and theoretical research results proposed that organic materials perform well in spintronic devices [START_REF] Szulczewski | A spin of their own[END_REF][START_REF] Sanvito | Molecular spintronics[END_REF]. One of the potential candidates among the organic materials is magnetic porphyrin, such as iron-porphyrin (FeTPP) or platinum-porphyrin (PtTPP), see Figure Figure 5.1.1 (a). The metal complexes of porphyrins offer a wide range of valuable properties, such as conjugated bond structure, well-ordered geometry, and chemical stability [START_REF] Uck | The role of aromaticity and the π-conjugated framework in multiporphyrinic systems as single-molecule switches[END_REF]. Previous theoretical studies have proven the relatively high spin filtering behavior in FeN 4 complexes grafted to graphene nanoribbons or carbon nanotubes [START_REF] Huang | A theoretical study of spin-polarized transport properties of planar four-coordinate fe complexes[END_REF][START_REF] Huang | Efficient spin filter based on fen4 complexes between carbon nanotube electrodes[END_REF]. The FeTPP was also used in gas sensing devices due to the controllable electronic current by changing the chemical composition of the molecular junction [START_REF] Toyoda | Theoretical investigation of chemical spin doping into single porphyrin junctions toward ultrahigh-sensitive nitric oxide sensor[END_REF]. The main motivation in this section is inducing magnetism in graphene by coupling with the organometallic molecule FeTPP, which is known to create wellordered arrays on crystalline conducting surfaces, such as Au, Cu, graphite, and graphene.

Tetracyanoquinodimethane(TCNQ)

Tetracyanoquinodimethane(TCNQ) is another highly potential candidate to induce magnetism on graphene. Normally, many molecules have shown interaction with the substrate that usually disturbs the magnetism and complicates mutual interactions due to the long distance of magnetic centers [START_REF] Hu | Electronic and magnetic properties of metal phthalocyanines on au (111) surface: a first-principles study[END_REF]. The goal of creating a long-range magnetic ordering of molecules in two dimensions is hard to achieve. One possible approach resulted from discovering magnetic order in organic charge transfer compounds. The metalorganic bulk magnets are composed of Tetracyanoethenide (TCNE), 7,7,8,8-tetracyanoquinodimethane (TCNQ) with metal atoms (V, Fe, etc.), which are intensively studied [START_REF] Juan M Manriquez | A room-temperature molecular/organic-based magnet[END_REF]. These metalorganic bulk magnets reveal long-range magnetic order with high critical temperatures [START_REF] Joel | Organic and organometallic molecular magnetic materials-designer magnets[END_REF][START_REF] Stephen | Organic and molecular magnets[END_REF]. But properties of a compound always depend on the charge transfer between metal ions and other components. Lately, a new pure organic 2D material with long-range magnetic order has been published [START_REF] Garnica | Long-range magnetic order in a purely organic 2d layer adsorbed on epitaxial graphene[END_REF]. This new system was composed of monolayer TCNQ absorbed on n-doped graphene grown on Ru(0001) substrate; see the chemical structure in Figure 5.1.1 (b). The electron transfer to the TCNQ through the graphene monolayer constitutes a spin-split intermolecular band and leads to long-range magnetic order at 4.6K [START_REF] Garnica | Long-range magnetic order in a purely organic 2d layer adsorbed on epitaxial graphene[END_REF]. The result shows a feasible strategy to add magnetic functionalities to graphene-based heterostructures by deposition of organic molecules.

For TCNQ/Graphene/Ru(0001) system, a study found that the molecules adsorbed on the lower parts of the ripples are charged, but those adsorbed on the upper part of the ripples are not [START_REF] Maccariello | Spatially resolved, site-dependent charge transfer and induced magnetic moment in tcnq adsorbed on graphene[END_REF]. In addition, the TCNQ molecules lack magnetic moment when adsorbed on the lightly p-doped graphene/Ir [START_REF] Hj Suominen | Anomalous fraunhofer interference in epitaxial superconductor-semiconductor josephson junctions[END_REF] substrate. The charge transfer process from gr/Ru(0001) substrate has been proven important to form the intermolecular bands to achieve long-range magnetic order in these purely organic 2D materials [START_REF] Maccariello | Spatially resolved, site-dependent charge transfer and induced magnetic moment in tcnq adsorbed on graphene[END_REF]. In a nutshell, TCNQ/Graphene/Ru(0001) system is proven to induce magnetic moment and develop long-range magnetic order on TCNQ molecular layer. Here, we're interested in whether the TCNQ also induces magnetic moments on gated graphene. 

Device preparation

The graphene samples were prepared as explained in previous sections by the mechanical exfoliation on SiO 2 /Si substrate with Ti/Au contacts. Thanks to the collaboration researchers Dr. Jérôme and Dr. Cyril, in the "Laboratoire Matériaux et Phénomènes Quantiques," we were able to deposit 1 to 2 layers of FeTPP and TCNQ molecular layer on each prepared sample by the molecular beam epitaxy. The final structure is in Figure 5.2.1 (a). We measured the gate dependence for all samples at room temperature before and after the deposition of the molecules. The sample size of the FeTPP grafted graphene device is 2.1um length * 3.8um width, and its 2um length * 4.5um width of TCNQ coated graphene sample.

In the Figure 5.2.1 (b), the Dirac point was close to gate voltage 7V (black curve) before the deposition of FeTPP molecular layers, and it shifted 4V to 5V gate voltage after the deposition. This implies that charge transfer occurs between graphene and FeTPP, and the molecules are the electron donor for graphene. Based on the previous study of Platinum porphyrin [START_REF] Li | Signature of gate-tunable magnetism in graphene grafted with pt-porphyrins[END_REF], we knew porphyrins could behave both as electron donors or acceptors, depending on the graphene sheet's initial doping degree. In both donor or acceptor molecules, the Dirac point of graphene is brought toward zero gate voltage: graphene has become neutral. The gate dependence result of FeTPP at room temperature conforms to the previous study of porphyrin [START_REF] Li | Signature of gate-tunable magnetism in graphene grafted with pt-porphyrins[END_REF].

The TCNQ grafted graphene sample also shows a charge transfer from graphene to TCNQ and reveals that the TCNQ molecules are electron acceptors. In the Figure 5.2.1(c), before the TCNQ deposition, the Dirac point is located near 4V in gate dependence measurement, which means the graphene is naturally p-type doped. After the deposition of TCNQ layers on graphene, the Dirac point of the graphene has shifted to the righter position; see in Figure 5.2.1 (c) red curve. Contrary to FeTPP molecules, TCNQ is the electron acceptor to graphene, and graphene gains more holes as the majority after TCNQ deposition. From the study in scanning tunneling microscopy (STM) [START_REF] Garnica | Long-range magnetic order in a purely organic 2d layer adsorbed on epitaxial graphene[END_REF],TCNQ deposited on the epitaxy-grown graphene indicates TCNQ is the strong electron acceptor. The gate dependence measurement is the other evidence to confirm that the TCNQ molecules are electron acceptors to graphene. 

In-plane field at 200mK

Fe-Porphyrin

In this section, we discuss the magnetoresistance result in the applied in-plane field in both samples at low temperatures because the induced magnetic moment is more sensitive to the applied in-plane field than the out-pf-plane field. Generally, in-plane fields won't directly influence transport since the electronic motion just couples to the component of the magnetic field perpendicular to the graphene. Nevertheless, when the average plane of the graphene sheet is aligned with the applied in-plane field, it introduces a perpendicular component (δ B ⊥ ), which relies on the graphene flake's local slope. The ripples on graphene enable the in-plane field to directly influence transport by changing it to an inhomogeneous out-of-plane field, then forming a random vector potential [START_REF] Mark | Rippled graphene in an in-plane magnetic field: effects of a random vector potential[END_REF].

Unfortunately, the FeTPP grated-on graphene sample has a back gate leaking problem, so we can't apply the back gate voltage during measurement. Here in Figure 5.3.1 (a), we first move the in-plane field up to 7T, then heat the temperature from 200mK to 6K to agitate the alignment of induced magnetic moment on graphene, then we cool down the temperature from 6K to 200mK afterward. During the quick cooling process, the induced magnetic moment on graphene has been quickly frozen and aligned with the applied in-plane field. Based on this method, the induced magnetic moment on graphene can be realigned and detectable. If there is strong induced magnetism, the magnetoresistance will be asymmetrical by sweeping the in-plane field, which indicates that graphene's time-reversal symmetry has been broken due to the induced magnetic moment. In Figure 5.3.1 (a), we sweep the in-plane field forward and backward between ±2000G five times after heating and cooling at applied 7T in-plane field, and average the sweeping up the curve and sweeping down in Figure 5.3.1 (b). The magnetoresistance measurement shows a symmetrical curve, as seen in Figure 5.3.2 (a), (b) and (c). In addition, the magnetoresistance in the in-plane field for FeTPP grafted graphene sample exhibit reproducible magnetoresistance due to interferences between all the coherent trajectories across the samples. All the in-plane magnetoresistance at heating in the different in-plane fields are symmetric curves, as expected in the presence of time-reversal symmetry of graphene. Depending on the magnetoresistance result, we refer to the weak coupling between graphene and FeTPP molecules that lead to symmetric magnetoresistance. 

Tetracyanoquinodimethane(TCNQ)

We did the same measurement for the TCNQ-coupled graphene sample at the same time as the FeTPP-coupled graphene sample. In the TCNQ sample, we expect to see the stronger signature of the induced magnetism because TCNQ molecules deposited on graphene epitaxy-grown on Ru(0001) substrate has revealed the existence of magnetic contrast due to long-range magnetic order between the two TCNQ domains locally in nanometer scales [START_REF] Garnica | Long-range magnetic order in a purely organic 2d layer adsorbed on epitaxial graphene[END_REF]. Figure 5.3.3 is the gate dependence at 200mK. We stay at 50V and -50V gate voltage to do the same measurement as the previous section, heating and cooling at a given in-plane field, then sweeping in the in-plane field. In this sample, one can see that the magnetoresistance in the in-plane field for all curves exhibits asymmetrical magnetoresistance due to the TCNQ-induced magnetic moment on graphene in the presence of time-reversal symmetry breaking, shown in Figure 5.3.4. The TCNQ-coupled graphene sample found a gate-dependent magnetoresistance in the parallel field (Figure 5. 3.4 (a). By comparing 50V and -50V, this induced magnetic moment has a stronger effect at applied negative gate voltage because it looks more asymmetrical magnetoresistance. We obtain the same result in Figure 5.3.4 (b) and (c). Interestingly, the clearest asymmetric magnetoresistance reveals at -50V when we heated and cooled the temperature without any applied in-plane field. However, these curves are not reproducible as in FeTPP/Graphene samples, which makes it difficult to discuss a well-defined hysteresis. As shown above, the data measured in the TCNQ-coupled graphene sample in an in-plane field suggest the gate depends on an induced magnetic moment. The asymmetrical magne-toresistance in all curves indicates the time-reversal symmetry breaking of graphene due to the TNCQ-induced magnetic moment. Here all the MR curves depend strongly on the cooling conditions of the sample, which is not the case for the FeTPP-coupled sample. 

Magneto-conductance in out-of-plane field at 200mK and 4K

In the applied out-of-plane field, we first show the result on a weak coupling sample, FeTPP grafted on graphene. Because the back gate suffers the leaking problem in this sample, thus we cannot apply gate voltage on this sample. Figure 5.4.1 (a) is the gate dependence before the leaking problem occurred, just to point out the 0V gate voltage in the hole doping area, still far from the Dirac point. Figure 5.4.1 (b) is magneto-conductance result in ±7000G out-of-plane field at 0V gate voltage at 200mK and 4K. The weak localization is seen in 200mK (black curve), but it has been suppressed when we increase the temperature to 4K (red curve), which is a normal result since the sample is weak coupling between FeTPP molecular layer on graphene. When we increase temperature, the dephasing time τ φ decreases, which leads to the suppression of weak localization. Meanwhile, the phase coherence length is also decreased with increasing temperature.

In the TCNQ sample, fortunately, we can detect three different regions for comparison by applied gate voltage, shown in Figure 5.4.2 (a). First, we show the same magneto-conductance measurement as FeTPP/Graphene sample. At 0V gate voltage, the Dirac point in Fugyre 5.4.2 (b), one can see the weak localization has already been suppressed at low temperature 200mK because the lower carrier density can decrease the magneto-conductance by increasing the spin-flip scattering time τ s [START_REF] Fv Tikhonenko | Weak localization in graphene flakes[END_REF]. Then, we observed the same temperature dependence, the weak localization and phase coherence length are decreased with temperature increasing from 200mK to 4K. We estimate L φ from the width of the weak localization peak:

B C ∼ φ 0 L 2 φ
Since the Dirac point is located at 0V gate voltage, we can compare the weak localization and phase coherence in electron and hole doping regions by applied gate voltage (30V and -30V), shown in Figure 5.4.3. The 5.4.3 (a) at applied 30V gate voltage shows the weak localization at 200mK is suppressed, and the phase coherence length L φ just slightly increased when we increase the temperature. The result suggests the induced magnetic moments destroy and suppress the weak localization in the low field compared with the applied 30V gate voltage, the weak localization at -30V gate voltage is clearer, and the phase coherence length at 200mK is two times larger than the higher temperature at 4K. This result sounds surprising and contradicts results in the in-plane presented above, indicating frozen magnetic domains in the plane at negative gate voltage. Our results show that these frozen domains tend to reduce the spin-flip scattering rate, and therefore the phase coherence time is less affected. 

Conclusion

The graphene coated with FeTPP magnetoconductance experiments show a significant increase of L φ (by a factor of 3.4) when the temperature is decreased from 4K to 0.2 K, see Figure 5.4.1. This increase has the order of the T -0.5 dependence expected when phase coherence is exclusively limited by inelastic electron-electron interactions, which indicates that Fe-porphyrins are not generating an important spin-flip scattering on conduction electrons in graphene. This absence of magnetic scattering is confirmed by conductance fluctuations of the order of 0.7 e 2 /h at 200mK.

The situation is different for TCNQ molecules, where a smaller increase of L φ is observed for both values of investigated gate voltages. This result may indicate the presence of magnetic scattering. Also, the magnetic scattering affects the amplitude of conductance fluctuations 0.1 e 2 /h at gate voltage 0V, much smaller than 30V. The phenomenon is less clear at gate voltage -30V, where instead, in-plane magnetoresistance indicates the possible existence of frozen magnetic domains whose magnetization is aligned in the plane of the sample and does not contribute to spin-flip scattering. Concerning graphene coated with TbPc 2 molecules, we also show only a small increase in phase coherence length in Appendix.

Chapter 6

Single-molecule magnet TbPC 2 grafted on graphene

Introduction

In 2003, Naoto Ishikawa et al. published the synthesis of an innovative molecular compound in which a terbium atom is placed between two phthalocyanines, phthalocyaninato [START_REF] Ishikawa | Lanthanide double-decker complexes functioning as magnets at the singlemolecular level[END_REF]. This novel compound behaves like a single molecule magnet(SMM) through one metal ion. Ever since single-molecule magnets (SMMs) have brought much attention over the past two decades due to their special magnetic property, compared with other polynuclear transition metal complexes [START_REF] Sheila Mj Aubin | Distorted mnivmniii3 cubane complexes as single-molecule magnets[END_REF][START_REF] Richard | Organometallic single-molecule magnets[END_REF], these complexes display a well-defined magnetic anisotropy with larger barriers and pronounced hysteresis. Some properties, like interference effects between tunneling paths [START_REF] Wernsdorfer | Quantum phase interference and parity effects in magnetic molecular clusters[END_REF] and Quantum tunneling of magnetization [START_REF] Christou | Singlemolecule magnets[END_REF], have been revealed in molecular clusters with a few magnetic atoms. In addition, controllable molecular structures can be achieved at low cost and high yield. Therefore, many SMM containing transition metals or rare earth atoms have been investigated.

Meanwhile, magnetic materials-based spintronics studies have led to significant progress in applications. These applications rely mostly on the magnetoresistive effect, like the observation of the giant magnetoresistance effect(GMR). In thin metallic film systems, when the thin non-magnetic interlayer is placed between two ferromagnetic films, the magnetization of adjacent ferromagnetic films can be aligned parallel or antiparallel based on the thin nonmagnetic interlayer, resulting in the resistance change of the orientation of the magnetization. Nowadays, new paths toward spintronics application have developed alternative choices with different types of materials, replacing inorganic material with π-conjugated organic semiconductors [START_REF] Xiong | Giant magnetoresistance in organic spin-valves[END_REF]. Organic semiconductors have become an attractive candidate because of the likely longer spin relaxation times [START_REF] Barraud | Unravelling the role of the interface for spin injection into organic semiconductors[END_REF] compared with transition metals, including some new properties. As a result, SMMs are promising candidates in the preservation of quantum coherence of the spin in spintronics applications and lead to the possibility of investigating the coherent manipulation of SMMs' spin state.

We are interested in a specific SMM in this work, the TbPc 2 double-decker in Figure 6.1.1. TbPc 2 comprises six unpaired electrons on the Tb ion with 4f 8 in the inner shell and one unpaired electron on the nitrogen atom of the phthalocyanine ring that is directly connected with the Tb metal atom in the center. The metal ion is coordinated with an organic ligand to obtain an easy axis. Thus, strong spin-orbit coupling results in a total angular momentum of J = 6. Due to the strong magnetic anisotropy resulting from the interaction of two phthalocyanine (Pc) ligands, the magnetic moment of terbium possesses just two projections on the easy axis J z = ±6. Moreover, the hyperfine interaction with the inner shell electrons is caused by the terbium's nuclear spin of 3/2. Thus, the SMM nuclear spin can detect through transport measurement and tuning the charge state of the ligand by applying gate voltage [START_REF] Vincent | Electronic read-out of a single nuclear spin using a molecular spin transistor[END_REF][START_REF] Thiele | Electrically driven nuclear spin resonance in single-molecule magnets[END_REF][START_REF] Ganzhorn | Strong spin-phonon coupling between a single-molecule magnet and a carbon nanotube nanoelectromechanical system[END_REF]. Fig. 6.1.1 Schematic illustration of a TbPc 2 SMM. A Tb 3+ ion (red color) has been sandwiched between two organic phthalocyanines (Pc) ligands. The TbPc 2 SMM behaves like an Ising-like spin system because of the strong anisotropic 4f shell of the Tb 3+ ion and strong spin-orbit coupling, leading to the high magnetic anisotropy and a ground-state doublet J z = ±6. delocalized radical has been caused by the oxidation state of the Tb 3+ ion through the phthalocyanine planes.

The lanthanide single-molecule magnet (SMM) bis-phthalocyanine terbium(III) (TbPc 2 ) has been studied in the graphene nanoconstriction [START_REF] Candini | Graphene spintronic devices with molecular nanomagnets[END_REF] and carbon nanotube [START_REF] Urdampilleta | Supramolecular spin valves[END_REF] as a spin valve device. These devices showed strongly anisotropic hysteresis loops of the magnetoconductance when the easy axis of molecules is aligned along with the applied magnetic field. Anisotropic magnetoconductance signals have been found in other TbPc 2 molecular spinvalve devices [START_REF] Thiele | Electrically driven nuclear spin resonance in single-molecule magnets[END_REF][START_REF] Godfrin | Microwave-assisted reversal of a single electron spin[END_REF]. The sign and magnitude exchange interaction between the terbium ion and the delocalized conduction electrons over the phthalocyanine ligands of the molecule has been proven and probed in a spintronic configuration [START_REF] Vincent | Electronic read-out of a single nuclear spin using a molecular spin transistor[END_REF], EPR measurements [START_REF] Komijani | Radical-lanthanide ferromagnetic interaction in a t b iii bis-phthalocyaninato complex[END_REF] and ab initio multi-reference calculations [START_REF] Huang | Lanthanide-radical magnetic coupling in [lnpc _2]Θ 0: Competing exchange mechanisms captured via ab initio multi-reference calculations[END_REF]. These studies point to a ferromagnetic coupling result between the Tb(III) ion and delocalized radical spin -1/2 over the phthalocyanine ligands, offering the possibility of spintronic applications.

Device preparation

The monolayer graphene flakes are obtained in this work by the standard exfoliation method. In the meantime, the monolayer WS 2 sheet was made through a gold-assisted exfoliation technique, as explained in section 3.2. Then, the monolayer graphene was transferred to the clean p-doped silicon substrate with 285nm oxide (used as the back gate) by the PC dry-transfer method. Here, we prepare two different kinds of samples for measurement. The first sample is a pure graphene sample, and for the second, we placed a monolayer WS 2 flake as a substrate for the graphene (WS 2 /Graphene) to induce strong SOI on graphene for comparison. On each sample, we deposited Ti/Au(5/100 nm) metal as contacts on the graphene sheets and patterned the device with the set of desired two-wire geometries. The sample size of TbPc 2 grafted graphene is 0.8um length * 4um width, and it's 0.8um length * 6um width of the TbPc 2 coated graphene/WS 2 sample.

Then, we deposited TbPc 2 SMMs on the prepared graphene samples at room temperature according to the following steps. First, the TbPc 2 molecule powder was dissolved in a dichloromethane (DCM) solution. The TbPc 2 SMMs powder was prepared by our colleague Stéphane Campidelli in CEA Saclay (method described in Appendix A). The mixture has a green color. Based on the molar concentration, the color can be changed from light green to relatively dark green. We deposited about 10ul drop of a 10 -4 M solution of TbPc 2 in DCM. Afterward, the solution entirely covered the graphene devices, and the DCM dried out, leaving behind only the TbPc 2 molecular layers precisely on the graphene device, as seen in Figure 6.2.1. From the previous study, The TbPc2 molecular layer has been proven to form ordered arrays on the graphene surface during the self-assembly process [START_REF] Serrano | Magnetic bistability of a tbpc 2 submonolayer on a graphene/sic (0001) conductive electrode[END_REF]. Before drop casting the TbPc 2 molecule layer on graphene, we measured the gate dependence of the resistance between the back-gate voltage 10V at room temperature. After the drop casting, we did the same test of gate dependence of the resistance. The result shows a strong charging effect and reveals that the TbPc 2 molecules are strong electron acceptors. The charge can easily be transferred to the molecules sitting on the graphene by applying a gate voltage. Since the gate dependence or resistance result in Graphene/TbPc 2 and WS 2 /Graphene/TbPc 2 samples having a similar behavior before and after drop-casting of the TbPc 2 molecular layers, we use Graphene/TbPc 2 sample as an example to describe the effect of the TbPc2 molecules grafted on graphene.

In Figure 6.2.2 (a), the Dirac point of the Graphene/TbPc 2 sample is located near 8V in the gate dependence of resistance measurement, which means the graphene is naturally p-type doped before grafted TbPc 2 in the ambient environment. At the Dirac point, the majority of carriers of graphene can be tuned to be electrons or holes, which means the majority of the carrier are electrons on the right side of the Dirac point, and the majority of carriers are holes on the left side of the Dirac point. After coating the graphene with TbPc 2 by drop casting, the Dirac point of the gate dependence of resistance has shifted farther to the right; see Figure 6.2.2 (b). First, this result shows that TbPc 2 is the strong electron acceptor for graphene, and graphene gains more holes as majority carriers after grafting. Therefore, we need to apply a higher back gate voltage to reach the Dirac point, adding more electrons into graphene in the gate dependence measurement to continually transfer the charges between the graphene and TbPc 2 molecular layers. Second, the clear hysteresis in Figure 6.2.2 (b) shows up after TbPc 2 deposition at room temperature. This result is probably related to the slow relaxation of the hopping processes between neighboring molecules [START_REF] Sedghi | Long-range electron tunnelling in oligo-porphyrin molecular wires[END_REF][START_REF] Checcoli | Tetra-phenyl porphyrin based thin film transistors[END_REF]. On the other hand, this phenomenon can be considered an indication of the artificial doping of graphene by transferring charges onto the molecules. In addition, We also notice that the hysteresis has disappeared (Figure 6.2.2 (c)) at 12mK; no charge transfer occurs between TbPc 2 and graphene. The gate dependence in Graphene/TbPc 2 and WS 2 /Graphene/TbPc 2 samples have a similar behavior before and after the drop-casting of molecular layers. Here, we use Graphene/TbPc 2 sample as an example to illustrate the effect after the deposition of TbPc 2 molecules. (a) Before TbPc 2 molecules, drop-casting (b) After TbPc 2 molecules drop casting at room temperature, the back-gate voltage is swept forward/backward several times, and the result shows hysteresis due to the charge transfer process between graphene and TbPc 2 . (c) After TbPc 2 molecules drop-casting at 12mK, the hysteresis has disappeared, implying no more charge transfer between TbPc 2 and graphene.

Magnetoresistance Applied out-of-plane field

To start with, we have measured two independent graphene samples with Ti/Au contacts at 12mK, Graphene/TbPc 2 and WS 2 /Graphene/TbPc 2 samples, which have been covered by TbPc 2 molecular layers in order to induce the magnetism on graphene in their magnetic moments. The WS 2 /Graphene/TbPc 2 has strong induced spin-orbit interaction on graphene [START_REF] Wakamura | Strong anisotropic spin-orbit interaction induced in graphene by monolayer ws 2[END_REF]. Both samples were measured simultaneously between ±3000 Gauss(G) at 12mK while applying a gate voltage of 20V, the magnetoresistance in the out-of-plane field for both samples exhibits irreproducible magnetoresistance in the forward sweep and backward sweep, because the TbPc 2 induced magnetic moments on graphene that changed the interferences between the coherent trajectories across the samples, as seen in the Figure 6.3.1. The most intriguing feature is that the higher degree of noise shows up when the applied field is close to zero for both samples. We relate this higher degree of noise close to zero field due to magnetic relaxation processes with time scales of the order of records compatible with the time constant of the measurements. These are due to the TbPc 2 -induced magnetic moment on graphene. However, the excess noise observed at the low field is absent at 3000G. Also, all curves are asymmetric functions of the magnetic field, as expected in the two-probe measurements in the presence of the time-reversal symmetry breaking due to the induced magnetic moment on graphene [START_REF] Li | Signature of gate-tunable magnetism in graphene grafted with pt-porphyrins[END_REF].

In Figure 6.3.2, we changed the gate voltage to 0V on both samples to see the difference. The magnetoresistance reveals the same features as applied with a 20V gate voltage, like the irreproducible magnetoresistance, the asymmetry curve, and the excess noise around zero fields are observed. But all the features are smaller in size at 0V gate voltage. We noticed that there are no clear weak localization peaks and the amplitude of the UCF is small compared to the quantum conductance. This contrasts with the observation of a larger doping regime in appendix A, where the behavior is more similar to what is shown in chapter 5.4. Fig. 6.3.1 Graphene/TbPc 2 and WS 2 /Graphene/TbPc 2 samples in the out-of-plane field between ±3000G with applying a 20V gate voltage at 12mk. A higher degree of noise shows up when the applied field is close to zero in both samples. Fig. 6.3.2 Same measurement as Figure 6.3.1 but without applied gate voltage. A higher degree of noise appears when the applied field is close to zero in both samples, but the effect is smaller than applying a 20V gate voltage.

In the following measurements, we record 100 points during 3 mins for each value of the field. The excess noise around the zero fields is now very clear at the low field compared to the high field in Figure 6. 3.3 (a). Through this method, the effect of the magnetic momentinduced excess noise in a low field can be quantized and visualized, as seen in Figure 6. 3.3 (b). The magnetoresistance measured while waiting 3 mins staying at a given field led to a clear visualization of excess noise between the low field and higher field.

The next question is how to quantify the different degrees of excess noise between low and higher fields. The variance in statistics can be a useful tool to show the different degrees of noise at various out-of-plane fields. Variance is a measure of dispersion which means it is a measure of how far a set of numbers is spread out from their average value δ R 2 =< |R-< R >| 2 >. In the Figure 6.3.4, the red curve represents the variance of the resistance of noise extract from the black curve. The resistance of excess noise in the low field is now more explicit than in the higher field. 

Variance of resistance fluctuations

One can quantify magnetic noise with the variance of resistance fluctuations ∆R 2 between low and high fields. We looked at the gate dependence in each sample. Unfortunately, we could not reach the Dirac point for the Graphene/TbPc 2 sample until an applied 80V gate voltage in Figure 6 Afterward, the variance of resistance noise was determined at different applied gate voltages for both samples. Firstly the magnetic moment-induced noise fluctuation in the low field increased with the applied gate voltage in the Graphene/TbPc 2 sample. See Figure 6.3.6 (a). The degree of magnetic-induced excess noise looks rather small at 0V and 20V at zero fields, but the degree of excess noise turns out to be quite clear at higher applied gate voltage until 70V in the low field regime. In the meantime, the WS 2 /Graphene/TbPc 2 sample reveals the largest resistance variance of noise fluctuation in the low field when the applied gate voltage is close to the Dirac point. What is more interesting is that the WS 2 /Graphene/TbPc 2 have similar resistance at gate voltage 70V and 50V, yet the variance at 70V is much smaller than at 50V.

We also investigated the temperature dependence of the noise for both samples at the gate voltage with the highest resistance variance, as seen in Figure 6.3.7. The Graphene/TbPc 2 sample at 70V exhibits a decrease of variance in the resistance noise. The magnetic moments' thermal activation rate increases as the temperature increases from 10mK to 200mK. The same behavior is observed for the other sample at 55V. 

Low frequency 1/f noise

Previous magnetoresistance results display a magnetic field-dependent noise highest at low temperatures and low fields. In order to quantize the magnitude of noise, we acquire the output signal fluctuations from Lock-In Amplifiers in time and compute the noise spectrum by Fourier transform [START_REF] Dutta | Low-frequency fluctuations in solids: 1 f noise[END_REF]. A noise spectrum with a 1/f dependence suggests the existence of a broad distribution of two-level systems with a wide distribution of field-dependent spin relaxation times, as seen in Figure 6.4.1.

τ = exp( E B k B T ) (6.4.1)
Where E B is the energy barrier, as in Figure 6.4.1, this points to anisotropic Ising-like fluctuating magnetic moments whose characteristic average energy barrier decreases with an out-of-plane magnetic field. Fig. 6.4.1 Magnetic two-level system at zero fields and 3000 Gauss. E B is the anisotropy magnetic barrier energy, and the barrier decreases with an applied magnetic field.

We measured the noise spectrum in both samples at the applied 55V gate voltage, which is the Dirac point for the WS 2 /Graphene/TbPc 2 . The last sample exhibits the largest resistance variance of fluctuation, as shown in Figure 6. 3.6 (b). We computed the noise spectral density of the resistance data between 0.001 and 10Hz at different temperatures from 10 mK to 300 mK, seen in Figure 6.4.2 (a) and (b). First and foremost, almost all data can be fitted with a 1/f curve. We attribute this 1/f noise to the presence of a large distribution of magnetic molecular clusters behaving as a two-level system with a magnetic anisotropy barrier due to the anisotropy field aligning with the molecular Tb spin perpendicular to the graphene layer. However, when the temperature reaches 300mK in the Graphene/TbPc 2 sample, the noise spectral density deviates from the 1/f behavior. Besides, the noise magnitude increases at low temperatures due to the increase of universal conductance fluctuations, which appears at low temperatures.

As discussed above, we also have 1/f behavior in the experimental spectra with different applied gates voltage and magnetic fields, shown in Figure 6.4.3 by the green and red curves. The noise spectral density deviates from the 1/f behavior at the 3000G magnetic field. This result proposes that a magnetic field reduces the magnetic barrier energy. The spin can more easily flip so that time scales become too short and are not accessible in our experiment. 

Supplementary measurement

Magneto-resistance in the in-plane field

We have also characterized the same G/TbPc 2 and WS 2 /G/TbPc 2 samples in the inplane field. The applied magnetic field was parallel or antiparallel to the current during the sweeping in-plane field. It's important to mention that the magnetization of TbPc 2 bulk crystals exhibits thermal activation or tunneling across an anisotropic barrier on Ising-type anisotropy. Ising-type anisotropy. Also, the spin of molecules flips at zero field and phononassisted transitions. Those features have also been observed on the TbPc2 monolayer by XMCD measurements [START_REF] Stepanow | Spin and orbital magnetic moment anisotropies of monodispersed bis (phthalocyaninato) terbium on a copper surface[END_REF][START_REF] Biagi | X-ray absorption and magnetic circular dichroism investigation of bis (phthalocyaninato) terbium single-molecule magnets deposited on graphite[END_REF][START_REF] Margheriti | X-ray detected magnetic hysteresis of thermally evaporated terbium double-decker oriented films[END_REF]. The conductance hysteresis loops have been observed in a TbPc 2 grafted carbon nanotube as a function of the in-plane magnetic field with strong uniaxial anisotropy response to the angle of the applied in-plane field [START_REF] Urdampilleta | Molecular quantum spintronics: Supramolecular spin valves based on single-molecule magnets and carbon nanotubes[END_REF]. We have also observed field hysteresis at the low temperature of the WS 2 /Graphene/TbPc 2 sample in Figure 6.5.1 at Dirac point.

In section 6.3, the WS 2 /Graphene/TbPc 2 sample reveals the largest resistance variance of noise fluctuation in the low field when the applied gate voltage is close to the Dirac point at 12mK, so we started the measurement at the Dirac point region, as seen in the Figure 6.3.5. The magnetoresistance curve of two samples obtained at a fixed back gate voltage of 55V for the field applied in the graphene plane. The effects of the molecule grafting on the graphene device are visible and reveal the hysteresis loop on WS 2 /Graphene/TbPc 2 sample in the Figure 6.5.1 (b). Since the applied voltage 55V is still far from the Dirac point in Graphene/TbPc 2 sample, the magnetoresistance in the sweeping in-plane field does not display a clear hysteresis loop. In the sweep starting from -4000G to 4000G (black curve), the magnetoresistance has initially increased and reached the maximum value, and then it abruptly drops when the applied field is about to cross zero fields. The symmetric behavior is observed with the magnetic field swept in the opposite direction (red curve). The main features are reproducible in Figure 6.5.1 at two up-sweep and two down-sweep curves. However, from these very low-temperature data, we cannot conclude the magnetic origin of this hysteresis. On the other hand, a thermal origin is more likely, as explained below. The temperature of the dilution fridge measured during the experiment also exhibits hysteresis in the same range of magnetic field corresponding to the superconducting/normal transition region of tin-lead solder. It is worth noting that this hysteresis disappears when increasing the temperature to 400mK. Meanwhile, the hysteresis was not observed on G/TbPc 2 sample. 

Fraunhofer-like patterns in Josephson Junction

Here, we investigate the effect of TbPc 2 molecules grafted on graphene/WS 2 Josephson Junction with MoRe superconducting electrodes. The size of the junction is 300nm*4um. The critical current oscillated at the low magnetic field, revealing the conventional Fraunhofer interference pattern. Figure 6.5.5 shows the gate dependence of the measured sample. Unfortunately, due to the back gate leaking problem, we can only stay at the 0V back gate voltage, which is the high hole doping region. To measure dV/dI, a small AC current (Iac) is added to the DC current (Idc), breaking the superconducting state. The two main features are clearly observed: (i) The shift of the main lobe between down-sweep and up-sweep; (ii) The presence of an asymmetric Fraunhofer-like pattern. The Fraunhofer-like oscillations are clearly observed in (a) and (b), which is a signature of field-induced interference in the supercurrent flowing through the junctions (red color). These hysteretic Fraunhofer patterns have only been found in ferromagnetic Josephson junctions, such as few-layer ferromagnetic insulator Cr 2 Ge 2 Te 6 Josephson junctions [START_REF] Ai | Van der waals ferromagnetic josephson junctions[END_REF] and the thin film Pd 0.9 Ni 0.1 ferromagnetic Josephson junctions [START_REF] Petkovic | Coupled superconducting phase and ferromagnetic order parameter dynamics[END_REF], but not in the carbon-based material. Hysteretic Fraunhofer patterns can be another tool to present the induced magnetism on graphene by grafting TbPc 2 . Compared with Figure 4.2.1, graphene/TbPc 2 and WS 2 /graphene/TbPc 2 junctions, the asymmetric Fraunhofer-like pattern is the other interesting phenomenon. In a study of InAs/InGaAs heterostructures based superconductor-semiconductor-superconductor (SNS) junctions [START_REF] Hj Suominen | Anomalous fraunhofer interference in epitaxial superconductor-semiconductor josephson junctions[END_REF], they observed the critical current develops a pronounced asymmetry Fraunhofer pattern between positive and negative Bz (150mT) when an in-plane field (400mT) is applied. In the carbon nanotube (CNT) decorated with a TbPc 2 system [START_REF] Urdampilleta | Molecular quantum spintronics: Supramolecular spin valves based on single-molecule magnets and carbon nanotubes[END_REF], the uniaxial anisotropy and the hysteresis loop in easy axis are indicated in the plane of CNT as well as graphene [START_REF] Candini | Graphene spintronic devices with molecular nanomagnets[END_REF]. Therefore, the asymmetry Fraunhofer pattern can be evidence of the in-plane easy axis on graphene induced by coupled TbPc 2 molecules. Figure 6.5.6 (c), (d) is the Fraunhofer-like pattern in down-sweep and up-sweep between ±5 Gauss. Interestingly, the shift of the main lobe almost disappeared in a smaller sweeping field, but the asymmetry of the interference patterns is still clear. In the end, we increased the sweeping field to ±20 Gauss, and the magnitude of the shift of the main lobe increased with increasing the amplitude of the sweeping field. In Figure 6.5.7, we stay at a fixed Idc current to check the dV/dI of B ±10 Gauss, as seen in Figure 6.5.7 (b) and (d). Indeed the dV/dI of the B field reveal the asymmetric interference pattern and the shift of the main lobe. But, when we applied the magnetic field to the MoRe superconducting electrodes, it was possible to trap flux in the electrodes, which can also be the reason for inducing the shift of the main lobe. Therefore, it is necessary to heat the temperature to eliminate the trapped flux inside MoRe electrodes and reproduce the same measurement to confirm the features. Unfortunately, the sample was dead at the end of the experiment. Whereas we stayed in the very low field during the measurement, still, it is important to do a reproducibility experiment to verify the features in the future. That's why I keep this result in the supplementary measurement section. 

Conclusion

The low-temperature magnetoresistance features typical universal conductance fluctuations (UCF) of a phase-coherent sample. Interestingly, these UCFs display a magnetic field-dependent noise highest at low temperatures and low fields. A noise spectrum with a 1/f dependence suggests the existence of magnetic two-level systems with a wide distribution of field-dependent relaxation times. Generally, a 1/f behavior is observed for all experimental spectra at different values of gate voltage, magnetic field, and temperature. However, the noise spectral density deviates from the 1/f behavior when increasing the magnetic field and charge doping. This result proposes that the magnetic barrier energy is reduced by the magnetic field and points to anisotropic Ising-like fluctuating magnetic moments whose characteristic energy barrier decreases with the out-of-plane magnetic field. In the supplementary measurements, we show the gate voltage-dependent hysteresis loops, but they seem to follow the temperature variation during the sweeping in-plane field. In addition, TbPc 2 grafted graphene/WS 2 Josephson Junction display hysteretic and asymmetric Fraunhofer patterns between up-sweep and down-sweep magnetic fields at very low values of the magnetic field, but further work is needed to confirm these novel findings in molecular layer grafted on graphene Josephson Junction.

Chapter 7 Conclusion & Outlook

I have developed the fabrication of heterostructures made from graphene-like 2D materials connected to normal or superconducting electrodes during this work. These samples were designed to investigate spin-dependent quantum transport both in the normal and proximity states in the electrodes are superconducting. In Graphene/WS 2 bilayers, we find that spinorbit interactions induced in graphene by WS 2 are at the origin of the formation of edge states carrying the supercurrent, which are very robust in a magnetic field. New possibilities are opened with the recent success in the fabrication of Josephson junctions made of a graphene bilayer encapsulated between two WS 2 monolayers realizing the Kane-Mele model of quantum spin Hall in this system [START_REF] Jo Island | Spin-orbit-driven band inversion in bilayer graphene by the van der waals proximity effect[END_REF]. Topological edge states are expected in this system and should be revealed by SQUID interferometry experiments.

We have also investigated how the deposition of different magnetic molecules on graphene or WS 2 /graphene affects quantum interferences in the normal states, that is, weak localization and mesoscopic conductance fluctuations. Field-dependent 1/f noise was detected, which depended on the spin-flip time compared to the time scale of the experiment. Even if asymmetries in the field could also be observed in the magnetoresistance of certain samples in the few thousand Gauss field region (TCNQ molecules) and attributed to the formation of magnetic domains, hysteresis loops (TbPc 2 on graphene/WS 2 ) were shown to have a thermal due to the transition of lead/tin solder. These results illustrate the difficulty of revealing unambiguously molecular magnetism at very low temperatures. However, the more promising result is the observation of hysteresis at a very low magnetic field on Fraunhofer patterns. These last experiments, potentially more sensitive than magnetoresistance measurements, need to be reproduced to eliminate a possible contribution of the superconducting electrodes. are suppressed. The phase coherence length L φ just slightly increased when we are cooling down the temperature from 3.7K to T ≤ 800mK. The result is similar to section 5.4, which suggests the presence of magnetic scattering. 
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  Fig. 1.1.1 Device structure and transport properties around zero magnetic field. Schematic illustration of a graphene-based Josephson junction device of length L and width employed in this study.

Fig. 1 . 1 . 3

 113 Fig. 1.1.3 Monitoring the superconducting proximity effect over a wide field range, via the zero bias differential resistance variations with B, for the three junction lengths and both Gr/WS 2 and Gr/hBN systems, at V g = 60V. (a) For L = 100nm, both Gr/WS 2 and Gr/hBN junctions display comparable oscillation amplitudes up to B ∼ 20000G. (b) For L = 300nm, whereas the Gr/hBN junction displays larger amplitude oscillations near B=0, they are rapidly suppressed as B increases. By contrast, the Gr/WS 2 junction displays a relatively large amplitude of resistance oscillations that persists even around 20000G. (c) The difference between Gr/WS 2 and Gr/hBN is the most striking for L = 500nm junctions. The relative oscillation amplitude of the Gr/WS 2 junction's differential resistance is around 50 times greater than that of the Gr/hBN junction over the entire field range. The inset in (b) displays a magnified view of the oscillations for Gr/WS 2 around B = 13000G.

Fig. 1 .

 1 Fig. 1.2.1 (a) Scheme of FeTPP and TCNQ molecular layers grafted on graphene samples by molecular beam epitaxy. (b) Gate dependence at room Temperature before (black curve) and after (red curve) deposition of 1 to 2 layers FeTPP molecule. After the deposition, the charge transfer occurs, and the FeTPP layer is an electron donor to graphene. (c) Same measurement as FeTPP. After the deposition, it also shows the charge transfer, and the TCNQ layer is an electron acceptor to graphene.

Fig. 1 .

 1 Fig. 1.2.2 (a) Gate dependence of FeTPP molecular layers grafted on graphene sample before the back gate leaking problem occurred. (b) Magneto-conductance result between ±7000G out-of-plane field at 0V gate voltage at 200mK and 4K. In the weak coupling sample (FeTPP/Graphene), the weak localization is clearly suppressed at 200mK, and the phase coherence length L φ is decreased with temperature increasing.

Fig. 1 . 3 . 1

 131 Fig. 1.3.1 Gate dependence measurement, applying the back-gate voltage between ±10V. The gate dependence in Grapehene/TbPc 2 and WS 2 /Grapehene/TbPc 2 samples have a similar behavior before and after the drop-casting of molecular layers. Here, we use Grapehene/TbPc 2 sample as an example to illustrate the effect after the deposition of TbPc 2 molecules. (a) Before TbPc 2 molecules drop-casting. (b) After TbPc 2 molecules drop casting at room temperature, the back-gate voltage is swept forward/backward several times, and the result shows hysteresis due to the charge transfer process between graphene and TbPc 2 .

Fig. 1 .

 1 Fig. 1.3.3 Magnetic two-level system at zero fields and 3000 Gauss. E B is the anisotropy magnetic barrier energy, and the barrier decreases with an applied magnetic field.

Fig. 1 .

 1 Fig. 1.3.4 (a) 1/f fitting of experimental results of Noise spectral density at different temperatures. The noise magnitude increases at low temperatures. (b) Same measurements with (a). The noise magnitude increases at low T due to the increase of UCF, which rise at low T.

Fig. 2 .

 2 Fig. 2.1.1 Graphene honeycomb lattice structure and σ , π bonds

Fig. 2 .

 2 Fig. 2.1.2 Dashed line is a unit cell of graphene with two atoms. (b) The grey color corresponds Brillouin zone in the reciprocal-lattice structure. The Dirac cones are located at the K and K' points[START_REF] Ah Castro Neto | The electronic properties of graphene[END_REF] 

Fig. 2 . 1 . 3

 213 Fig. 2.1.3 The left part is the graphene π and π * band dispersion calculated within tightbinding approximation. The right part shows the zooming of the Dirac cone at K point of the hexagonal Brillouin zone of graphene[START_REF] Riedl | Structural and electronic properties of epitaxial graphene on sic (0 0 0 1): a review of growth, characterization, transfer doping and hydrogen intercalation[END_REF] 
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 214 Fig. 2.1.4 The linear dispersion of Dirac cone in conduction and valence bands contact at the K point, as Dirac point. The majority carrier can be tuned via a bias gate in a graphene field effect transistor.
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 231 Fig. 2.3.1 Illustration of Andreev reflection process in the metal-superconductor interface. After the Cooper pair formed in the superconductor, the incident electron reflected as a hole.

Figure 2 . 3 . 2 .

 232 The first term represents the phase accumulation during the propagation in the normal part. The second term results from the Andreev reflection at the interface.
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 232 Fig. 2.3.2 Andreev bound state, taken from[START_REF] Pillet | Andreev bound states in supercurrent-carrying carbon nanotubes revealed[END_REF]. An Andreev pair is formed by an electron and a hole, which requires constructive interference between the electron and the hole and confined between the energy ±∆.
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 2 3.4(a) shows the v x and v y change signs, v h x = -v e x and v h y = -v e y .

Fig. 2 . 3 . 3

 233 Fig. 2.3.3 Electron and hole in the band structure of graphene. Andreev reflection results in the coupling of both valleys in graphene [55].
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 234 Fig. 2.3.4 Andreev retro-reflection and specular Andreev reflection in graphene [55]. An extra illustration of k x and k y of the incident electron with the reflected hole is displayed in both processes.
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 2 Fig. 2.4.2 (left) Graphic illustration of the mechanism of weak localization. (right) The time-reversed trajectories k j and -k j have identical probability amplitudes and interfere constructively at the point of departure, giving rise to a weak localization effect.

Fig. 2 .

 2 Fig. 2.5.1 Graphic illustration of the example of the 1/f spectrum from several fluctuators with a wide distribution of time scales.

( 2 .

 2 Fig. 2.5.2 Graphic illustration of respective power spectra of noises in three regions in equation (2.5.3).

Fig. 3 .

 3 Fig. 3.1.1 An illustration procedure of the Scotch-tape-based micromechanical cleavage of HOPG [79].
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 321 Fig. 3.2.1 Schematic illustration of the Au exfoliation process [82].

Fig. 3 .

 3 Fig. 3.2.2 Au-assisted exfoliation result of the two different tungsten disulfide (WS 2 ) monolayers with large size.

Fig. 3 .

 3 Fig. 3.3.2 (a) The prepared device before and after dropping the thin-film flake on the device. (b) The exfoliated flake with different thicknesses before and after dropping on the silicon substrate.

Fig. 3 . 4 . 1

 341 Fig. 3.4.1 Schematic process flow for assembly of 2D heterostructures by pick-up and dropdown [13][86].

Figure 3 .

 3 Figure 3.4.1 shows the flow process of making heterostructures with the PPC film. Before the transfer process, we need to prepare the PPC film by spin coating. In this case, first, we put one drop of PPC solution on the silicon substrate at 2000rpm for 1 min. After that, keep it on the hot plate at 90•C for 1 min, then the PPC film is ready. The way to transfer the PPC film on top of PDMS is by making a hole in the scotch tape. Afterward, by attaching the scotch tape to the PPC film, we can recapture the PPC film after separating the PPC from the silicon substrate and transfer it to PDMS, shown in Figure3.4.1 (i).Figure3.4.2 is an example of the transfer process. Figure3.4.2 (a)(b)(c) are the top-BN, bottom-BN, and graphene before the transfer process onto the silicon substrate. The first step to make the heterostructure is picking up the top hexagonal boron nitride (hBN) at 40 • C. In the beginning, we attach the PPC film to the substrate to form a small touching point, then heat up the temperature to 40 • C. The PPC touching point will expand during the heating process, and the film will entirely cover the BN flake in the end. The BN flake can be lifted from the substrate to the PPC film during the cooling process until cooling to room temperature 25 • C. A temperature of 40 • C is sufficient to separate hBN from SiO 2 substrates by using the PPC/PDMS block. It is important to mention that a plasma pretreatment on hBN favors the PPC film lifting the hBN. Figure 3.4.2 (e) shows how the top-hBN succeeds to pick up the graphene at 40 • C. Afterward, we continually repeat the heating and cooling steps to pick up the bottom hBN.shows how to drop the top BN/Graphene/BN sandwich on the prepared device when the temperature is above 110 • C. Is it possible to control the landing location of the stack on the substrate or on the prepared device? The top hBN stays on the substrate when we detach the PPC film/PDMS/glass slide from the substrate. In this device, we first prepared a graphite flake that connected electrodes as the back gate, the red circle in Figure3.4.2 (h). Figure3.4.2 (h) also demonstrates the stack can be precisely located at the position we want. Using the reactive ion etching, we can etch through the top BN and then make the electrodes connect with the resonator after lithography.

Fig. 3 .

 3 Fig. 3.4.2 (a)(b) are top-hBN and bottom hBN on silicon substrate before transfer. (c) The monolayer graphene. (d) The image shows the top BN succeeded in picking up monolayer graphene, then took a photo with an optical microscope. (e) The photo of BN/Graphene/BN (f)(g)(h) The stack succeed in dropping on the graphite back gate, as the red circle in (h). (i) Stack structure in the end.

  .5.2 (b). Then we can control the position of hBN to a chosen graphene flake and place the two flakes in contact, Figure3.5.2 (c), again at 40 • C. In this step, it is possible to choose the clean area on the graphene flake because only the contact area of graphene with hBN will be picked up due to the preferential adhesion of graphene to hBN. Again, we repeat the same process to pick up the bottom hBN in Figure3.5.2 (e),(f). The heterostructure hBN/Graphene/hBN is now attached to the PC film For the purpose of dropping the stack onto the substrate, the stage temperature is heated up to 180 • C, and then we bring the stamp into contact with the substrate, Figure3.5.2 (g). At 180 • C, the PC film is above the glass transition Tg 150 • C[START_REF] Feng | Local chain dynamics of a model polycarbonate near glass transition temperature: A molecular dynamics simulation[END_REF], bringing about a decreased viscosity, allowing the stack to remain on the substrate, as seen in Figure3.5.2 (h),(i).

Fig. 3 . 5 . 2

 352 Fig. 3.5.2 Scheme of the PC cleaning dry transfer process [14].

  Figure 3.5.3 shows a simple stack we often made.

  Fig. 3.5.3 (a) and (b) are graphene monolayer and WS 2 monolayer, respectively. (c) The graphene is coupled with the WS 2 monolayer by the PC transfer method.

Fig. 3 .

 3 Fig. 3.7.1 Sketch of the growth module of an MBE system. Source:[91].
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 372 Fig. 3.7.2 Schema of the deposition using the drop-casting method [92].

Fig. 3 .

 3 Fig. 3.8.1 (a) Spin Coater. (b) Lithography system. Scanning electron microscope Zeiss Supra55VP. (c) Reactive ion etching system. (d) Electron beam PVD and DC sputtering PVD system.

Fig. 3 .

 3 Fig. 3.8.2The cracks appear after the developing process on the heterostructure due to the strain of the resist. The thickness of the van der Waals heterostructure in the test sample is higher than 300nm.

Fig. 3 . 8 . 3

 383 Fig. 3.8.3 Recipes of PMMA and CSAR resist used in the e-beam lithography process. Recipes 3, 4, and 5 are used when the thickness of the van der Waals heterostructure is higher than 50nm to prevent the cracks problem, as shown in Figure 3.8.2.

Fig. 3 .

 3 Fig. 3.9.1 (a) Thin hBN made by exfoliation. (b) CVD-grown monolayer WS 2 . (c) Optical microscope image during pick-up WS 2 by hBN. (d) hBN/WS 2 drop on the Si 3 N 4 TEM grid. (e) Enlarged image of (d). (f) The second sample, hBN/WS 2 /hBN sample deposited onto the holey carbon support TEM grid.

Fig. 3 .

 3 Fig. 3.9.2 (a) hBN/Graphene/hBN heterostructure image in the optical microscope. By changing the contrast of OM, the monolayer graphene can be seen. (b) The hBN-encapsulated graphene precisely lands on the GMR sensor.

Fig. 3 .

 3 Fig. 3.9.3 (a) SEM images of the section of the MoRe resonator. Scale bar: 100 m. The red box image is the zoomed-in image of the SGS junction. Scale bar: 3 um. (b) Purple and magenta dashed outlines: top and bottom BN. White dashed outline: graphene. (c) and (d) are the optical microscope image in the same area as (a) and (b).

Fig. 3 .

 3 Fig. 3.9.4 (a) Device schematic for a symmetrically WS 2 encapsulated bilayer graphene device. (b) Bilayer graphene is made by exfoliation. (c) Monolayer WS 2 is made by Au-layer assisted exfoliation. (d) Same as (c). (e) Thin bottom hBN flake. (f) Graphite flake as a back gate. (g) The stack of WS 2 /BLG/WS 2 /hBn/Graphite is fabricated by the PC dry transfer method. (h) Enlarged optical microscope image of (g). The red circle is the location of bilayer graphene. (i) Stamping the top hBN on the junctions by the PDMS dry transfer. The blue shape is the top hBN after covering the device.

Fig. 3 .

 3 Fig. 3.9.5 (a)(b) Optical microscope image at 20x and 100x magnification after spin coating resists, e-beam lithography, and developing process. The cross marks are clearly seen. (c)(d) Optical microscope image at 20x and 100x magnification after drawing the designed pattern by e-beam lithography. (e)(f) After the PVD deposition of MoRe superconducting contacts and lift-off to remove the resist. Then we covered the top hBN flake of the region of the junction as a dielectric layer by PDMS dry transfer method. (g)(h) Repeating the spin coating, e-beam lithography, developing, PVD deposition, and lift-off process again to create Ti/Au top gates.

Fig. 3 .

 3 Fig. 3.9.6 (a) Optical microscope image of graphite/WS 2 /graphite on sapphire substrate. (b) Enlarged image of the stack in (a).

Fig. 4 . 2 . 1

 421 Fig. 4.2.1 Device structure and transport properties around zero magnetic field. (a) Schematic illustration of a graphene-based Josephson junction device of length L and width W employed in this study. (b) V g dependence of R for the Gr/WS 2 and Gr/hBN junctions with MoRe in the normal state (L = 500nm). The contact resistance is subtracted in the data. (c),(d) Color-coded dV=dI, plotted as a function of Idc and B for Gr/WS 2 [(c)] and Gr/hBN junctions [(d)] with L = 500nm measured at V g = 60 V.

Figure 4 .

 4 2.1 (c)(d) displays the colorcoded dV/dI of Gr/WS 2 and Gr/hBN junctions [L = 500nm, same samples as Fig. 4.2.1(b)] as a function of Idc and B at low fields. Both samples exhibit clear regions with zero dV/dI at a low dc current, corresponding to an induced supercurrent. Deviations from the typical Fraunhofer pattern are presumably due to current inhomonegeities through the junctions.
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 4 

  .2.1(b)].

Fig. 4 .

 4 Fig. 4.3.1 Color-coded dV/dI as a function Idc and B around B = 10000G at V g = 60V for all samples. For L = 100nm [(a),(d)], superconducting pockets are clearly visible, in the form of field regions of low dV/dI at low Idc, for both the Gr/WS 2 and Gr/hBN junctions around B = 8000G. For L = 300nm [(b),(e)] and L = 500nm [(c),(f)], superconducting pockets are visible only for the Gr/WS 2 junction. (g)-(i) Cross-sectional image along the light blue line shown in (a)-(f) of dV=dI as a function of Idc forGr/WS 2 and Gr/hBN junctions with different L.Red and light green curves are from Gr/WS 2 and Gr/hBN junctions, respectively. The suppressed dV/dI at low Idc, signature of an induced superconducting proximity effect, is clearly visible for the Gr/WS 2 junctions of every length but only for the shortest Gr/hBN junction. In (g), the peak (or bump) of dV/dI for Gr/hBN is located out of the range of Idc in the measurement, and in (h) [(i)], the dV/dI for Gr/hBN (Gr/WS 2 ) is vertically shifted to compare to that for Gr/WS 2 (Gr/hBN). The residual resistance around 50 at Idc = 0 for (a)-(i) arises from the measurement wires. The dashed line in (g) represents the value of Idc, which defines Ic.

Fig. 4 .

 4 Fig. 4.3.2 Supercurrent fluctuation at B=70000 G and Vg = 60 V, from a L = 500nm Gr/WS 2 junction:(a) Supercurrent fluctuations around B = 70000G(7T) for L = 500nm Gr/WS 2 junction at Vg = 60V. The crosssectional image in (b) is taken along the light blue line in (a) after averaging over a field window of 2 G to minimize the noise due to the pixelization.

Fig. 4 .

 4 Fig. 4.3.3 Monitoring the superconducting proximity effect over a wide field range, via the zero bias differential resistance variations with B, for the three junction lengths and both Gr/WS 2 and Gr/hBN systems, at V g = 60V. (a) For L = 100nm, both Gr/WS 2 and Gr/hBN junctions display comparable oscillation amplitudes up to B ∼ 20000G. (b) For L = 300nm, whereas the Gr/hBN junction displays larger amplitude oscillations near B=0, they are rapidly suppressed as B increases. By contrast, the Gr/WS 2 junction displays a relatively large amplitude of resistance oscillations that persists even around 20000G. (c) The difference between Gr/WS 2 and Gr/hBN is the most striking for L = 500nm junctions. The relative oscillation amplitude of the Gr/WS 2 junction's differential resistance is around 50 times greater than that of the Gr/hBN junction over the entire field range. The inset in (b) displays a magnified view of the oscillations for Gr/WS 2 around B = 13000G.

Fig. 4 .

 4 Fig. 4.3.4 Zero-bias dV/dI as a function of B up to a high field: dV/dI for Gr/hBN and Gr/WS 2 junctions for L = 500nm from B = 0G to 70000G at V g = 60V. Striking difference in the oscillation amplitude between Gr/hBN and Gr/WS 2 junctions can be seen.
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 5 Fig. 5.1.1 (a) Chemical structure of iron porphyrin (FeTPP) molecule. (b) Chemical structure of 7, 7, 8, 8 tetracyanoquinodimethane (TCNQ) molecule.

Fig. 5 .

 5 Fig. 5.2.1 (a) Scheme of FeTPP and TCNQ molecular layers grafted on graphene samples by molecular beam epitaxy. (b) Gate dependence at room Temperature before (black curve) and after (red curve) deposition of 1 to 2 layers FeTPP molecule. After the deposition, the charge transfer occurs, and the FeTPP layer is an electron donor to graphene. (c) Same measurement as FeTPP. After the deposition, it also shows the charge transfer, and the TCNQ layer is an electron acceptor to graphene.

Fig. 5 .

 5 Fig. 5.3.1 (a) In the beginning, we stayed at in-plane Field 7T, then heated the temperature to 7K and waited for the cool down to 200mK. After the cool down, magnetoresistance measurement sweeps between ±2000G in-plane field five times. (b) Each sweeping down curve (black) and up curve (red) is the average result of five curves from (a).

Fig. 5 .

 5 Fig. 5.3.2 (a) Heating and cooling temperature at 7T, then we sweep the in-plane field between ±2000G with H ⊥ = 0. Each curve is the average result from 5 curves. (b) Same measurement, heating and cooling temperature at -7T. (c) Heating and cooling temperature at 0T.

Fig. 5 . 3 . 3

 533 Fig. 5.3.3 Gate dependence of TCNQ grafted on graphene sample at 200mK.

Fig. 5 . 3 . 4

 534 Fig. 5.3.4 Field asymmetry of applied in-plane field magnetoresistance in TCNQ coated sample at 200mK. (a) Heating and cooling temperature at 7T in-plane field, then sweeping in-plane field. Each up and down curve averages from 5 curves at 50V and -50V gate voltage. (b) Same measurement at -7T. (c) The same measurement was after warming and cooling at 0T. The observed asymmetry magnetoresistance at -50V gate voltage and its sensitivity to cooling conditions under the zero or large in-plane field suggests gate dependent magnetic domain.

Fig. 5 .

 5 Fig. 5.4.1 (a) Gate dependence of FeTPP molecular layers grafted on graphene sample before the back gate leaking problem occurred. (b) Magneto-conductance result between ±7000G out-of-plane field at 0V gate voltage at 200mK and 4K. In the weak coupling sample (FeTPP/Graphene), the weak localization is clearly suppressed at 200mK, and the phase coherence length L φ is decreased with temperature increasing.

Fig. 5 .

 5 Fig. 5.4.2 (a) Gate dependence of TCNQ molecular layers grafted on graphene sample, the Dirac point is close to zero. (b) Magneto-conductance result in ±7000G out-of-plane field at Dirac point 0V gate voltage at 200mK and 4K. In the stronger coupling sample (TCNQ/Graphene), the weak localization is clearly suppressed at the Dirac point. The phase coherence length L φ is decreased with temperature increasing from 200mK to 4K.

Fig. 5 .

 5 Fig. 5.4.3 (a) Magneto-conductance result in ±7000G out-of-plane field at Dirac point 30V gate voltage at 200mK and 4K. The weak localization is suppressed due to the induced magnetic moment on graphene by TCNQ molecular layer. The phase coherence length L φ is decreased with temperature increasing from 200mK to 4K. (b) Same measurement at gate voltage -30V. The weak localization is suppressed due to the induced magnetic moment on graphene by TCNQ molecular layer. The phase coherence length L φ is decreased with temperature increasing from 200mK to 4K.

Fig. 6 .

 6 Fig. 6.2.1 Scheme of two graphene transistor samples (a) Monolayer graphene transistor coupled with TbPc 2 SMMs molecular layers. 10 -5 M molar concentration TbPc 2 deposited on graphene by drop casting. (b) Monolayer graphene and WS 2 heterostructure transistor coupled with TbPc 2 molecular layers. WS 2 induced strong spin-orbit interaction on graphene.

Fig. 6 . 2 . 2

 622 Fig. 6.2.2 Gate dependence measurement applying the back-gate voltage between ±10V.The gate dependence in Graphene/TbPc 2 and WS 2 /Graphene/TbPc 2 samples have a similar behavior before and after the drop-casting of molecular layers. Here, we use Graphene/TbPc 2 sample as an example to illustrate the effect after the deposition of TbPc 2 molecules. (a) Before TbPc 2 molecules, drop-casting (b) After TbPc 2 molecules drop casting at room temperature, the back-gate voltage is swept forward/backward several times, and the result shows hysteresis due to the charge transfer process between graphene and TbPc 2 . (c) After TbPc 2 molecules drop-casting at 12mK, the hysteresis has disappeared, implying no more charge transfer between TbPc 2 and graphene.

Fig. 6 .

 6 Fig. 6.3.3 (a) Graphene/TbPc 2 sample at gate voltage 20V during a sweep of out-of-plane field between ±3000G as an example. In this measurement, we record 100 points during 3 mins in X-axis for each value of the field. (b) The degree of noise fluctuation around the zero fields is very clear after averaging from the result.

Fig. 6 . 3 . 4

 634 Fig. 6.3.4 Black curve is magnetoresistance while waiting 3 mins staying at a given field, and the red curve represents the variance of the resistance of noise.

  .3.5 (left). However, in the WS 2 /Graphene/TbPc 2 sample, the Dirac point is located close to 55V applied gate voltage, so we can compare ∆R 2 ffor holes (left side of Dirac point) and electrons(right side of Dirac point) in Figure 6.3.5 (right).

Fig. 6 . 3 . 5

 635 Fig. 6.3.5 Gate dependence of Graphene/TbPc 2 sample (left) and WS 2 /Graphene/TbPc 2 sample (right). For the Graphene/TbPc 2 sample, we can't reach the Dirac point and stop at 80V. For the WS 2 /Graphene/TbPc 2 sample, the Dirac point locates close to 55V, and we're able to compare the variance of noise when the majority of the carrier are holes or electrons.

Fig. 6 .

 6 Fig. 6.3.6 (a) All the curves have been shifted for comparison. The variance of noise fluctuation is clearer with increasing applied gate voltage. (b) All the curves have been shifted for comparison. When the gate voltage is close to the Dirac point, the variance of noise fluctuation is larger.

Fig. 6 .

 6 Fig. 6.3.7 (a) Temperature dependence of the variance of noise fluctuation at gate voltage 70V. (b) Temperature dependence of the variance of noise fluctuation at gate voltage 55V.

Fig. 6 .

 6 Fig. 6.4.2 (a) 1/f fitting of experimental results of Noise spectral density at different temperatures. The noise magnitude increases at low temperatures. (b) Same measurements with (a). The noise magnitude increases at low T due to the increase of UCF, which rise at low T.

Fig. 6 .

 6 Fig. 6.4.3 (a) 1/f fitting of experimental results of Noise spectral density at different temperatures. The noise magnitude increases at low temperatures. (b) Same measurements in WS 2 /Graphene/TbPc 2 sample.

Fig. 6 .

 6 Fig. 6.5.1 The magnetoresistance of G/TbPc 2 by sweeping in-plane magnetic field four times between ±4000Gauss at 12mK. (b) Same measurement in WS 2 /G/TbPc 2 sample.

Fig. 6 . 5 . 2

 652 Fig. 6.5.2 Magnetoresistance in the applied in-plane field with different gate voltages. Each curve is the average of two up-sweep curves or two down-sweep curves. (b) Same measurement at 204mK. (c)(d) The temperature variation during up-sweep and down-sweep.

Fig. 6 .

 6 Fig. 6.5.3 (a) The magnetoresistance of WS 2 /G/TbPc 2 by sweeping in-plane magnetic field four times between ±4000Gauss at 12mK. (b) The temperature variation during field sweep at 12mK.

Fig. 6 .

 6 Fig. 6.5.4 WS 2 /G/TbPc 2 sample. Magnetoresistance of the up-sweep curve at fixed gate voltage 50V with different temperatures from 12mK to 400mK.
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 655 Fig. 6.5.5 Gate dependence of WS 2 /G/TbPc 2 Josephson Junction before back gate leaking occurs.

Fig. 6 .

 6 Fig. 6.5.6 (a) dV/dI plotted for both the DC current (Idc) and field (B) in down-sweep (10G to -10G). Fraunhofer-like oscillations are visible. (b) Same measurement but in up-sweep (-10G to 10G). (c) Down-sweep between ±5G. (d) Up-sweep between ±5G.(e) Downsweep between ±20G. (f) Up-sweep between ±20G. The dark red zone corresponds to the superconducting state.

Fig. 6 . 5 . 7

 657 Fig. 6.5.7 The main lobe shift between up-sweep and down-sweep. The asymmetric interference pattern is seen in both measurements. (a) Color plot showing dV/dI as a function of Idc and B. (B) in down-sweep at fixed Idc=0.6uA. (b) dV/dI as a function of B at Idc=0.6uA, the clear asymmetric interference pattern. (c) The same measurement is in the up-sweep field. (d) the clear asymmetric interference pattern also shows in the up-sweep measurement.

Fig. A.0. 1

 1 Fig. A.0.1 Gate dependence of TbPc 2 grafted graphene sample, the applied gate voltage is 30V, which is in the high doping regime.

Fig

  Fig. A.0.2 Magneto-conductance in out-of-plane field at 10mK, 250Mk, 580mK, 800mK and 3.7K with applied gate voltage 30V (a) Temperature dependence of magneto-conductance. In order to see the conductance fluctuation when temperature increases, the range of sweeping field is also increasing from 1T at 10mk, 2T at 250mk to 800mk, until 7T at 3.7K. (b) Zoom in the field range between ± 2T. The weak localization is clearly suppressed due to the induced magnetic moment on graphene by TbPc 2 molecules. The phase coherence length L φ is slightly decreased with temperature increasing from 10mK temperature to 3.7K.
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Quantum transport as a probe of magnetism

We present a brief discussion of the following results, which are still under analysis. We have shown in section 5.4 that spin-flip scattering in a conductor breaks the phase coherence of electronic wave functions. This is why magnetic impurities are considered the main mechanism limiting the increase of phase coherence length at low temperatures when the inelastic electron-electron interactions are not frequent. The phase coherence length is estimated from the width of the weak localization peak in the low out-of-plane field magneto-conductance. It is, therefore, instructive to compare these estimations on the different samples of graphene coated with magnetic molecules we have investigated. The different behaviors are expected to be seen depending on the coupling between these molecules and conduction electrons in graphene.

Appendix A Preparation of TbPc 2 source

TbPc 2 is synthesized according a slightly modified literature procedure [START_REF] Stepanow | Spin and orbital magnetic moment anisotropies of monodispersed bis (phthalocyaninato) terbium on a copper surface[END_REF]. Briefly, a mixture of 1,2-dicyanobenzene (1 g, 7.80 mmol), Tb(acac) 3 , 3H 2 O (510 mg, 0.97 mmol), and 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) (290 µL) in 5 mL of dry 1-hexanol was refluxed for 20h. The solution was cooled down to room temperature, then acetic acid (10 mL) was added and mixture was heated at 100°C for one hour. The precipitate was collected by filtration and washed with pentane and Et 2 O. The crude purple product was redissolved in 100 mL of CHCl 3 /MeOH (1/1) and undissolved free-base phthalocyanine was filtered off. Both forms, blue (anionic [TbPc 2 ] ) and green (neutral [TbPc 2 ] 0), were obtained simultaneously. In order to convert the unstabilized anionic form to the neutral one, the reaction mixture was pre-adsorbed on active basic alumina and then purified by column chromatography on basic alumina (deactivated with 4.6% H2O, level IV) with chloroform/methanolmixture (95:5) as an eluent. 200 mg TbPc 2 was obtained (yield 17%).

Phase coherence of TbPc 2 grafted graphene

In the section 5.4, we present a smaller increase of phase coherence length L φ on TCNQ grafted graphene sample with temperature decreasing from 4K to 200mK. We refer to the result may suggest the presence of magnetic scattering. For the TbPc 2 grafted graphene system, we did a similar measurement as in section 5.4, but with lower molarity (10 -7 M to 10 -6 M) of TbPc 2 than the measurement in chapter 6. In the meantime, this sample also has a back gate leaking problem. Therefore, we can just apply 30V gate voltage, which is a high doping regime, as seen in the