Tailoring Interfacial Properties using Functional Copolymers to Enhance the Self-Assembly of Diblock Copolymers in Thin Films

Unfortunately, in most lamellar-or cylinder-forming systems for instance, the preferential interactions between one block and the substrate or the free surface form a wetting layer at the interface, resulting in parallel orientation of microdomains. Several techniques have thus been employed to direct BCP self-assembly in thin films to meet application requirements. 40 44 Directed Self-Assembly (DSA) techniques have been developed to control the microdomain alignment in the plane of the substrate. Kramer et al. introduced graphoepitaxy, consisting in patterning topographical features on substrate with conventional lithography to create guiding lines for the BCP self-assembly. [START_REF] Kennemur | Sub-5 nm Domains in Ordered Poly(Cyclohexylethylene)-block-poly(methyl methacrylate) Block Polymers for Lithography[END_REF] Since then, this approach has been widely studied by the group of Ross [START_REF] Durand | Design of High-Block Copolymers for Lithography[END_REF] and variants have been suggested. Russell employed faceted sapphire substrates as guiding patterns, [START_REF] Bates | Polarity-Switching Top Coats Enable Orientation of Sub-10 nm Block Copolymer Domains[END_REF][START_REF] Maher | Interfacial Design for Block Copolymer Thin Films[END_REF] while the Hadziioannou group proposed guiding patterns resulting from sinusoidal surface-relief grating interferometrically inscribed onto an azobenzene-containing copolymer underlayer. [START_REF] Maher | Directed Self-Assembly of Silicon-Containing Block Copolymer Thin Films[END_REF] Different types of shear forces were shown to direct the self-assembly. [START_REF] Vora | Orientation Control of Block Copolymers using Surface Active, Phase-Preferential Additives[END_REF] Self-assembly can also be directed from pre-patterned chemical heterogeneities. [START_REF] Zhang | Orientation Control in Thin Films of a High-X Block Copolymer with a Surface Active Embedded Neutral Layer[END_REF] Applications of electric or magnetic 52,[START_REF] Otsuka | Control of 10 nm Scale Cylinder Orientation in Self-Organized Sugar-Based Block Copolymer Thin Films[END_REF] fields can be used to align the microdomains if there is a large enough dielectric contrast or magnetic susceptibility between blocks, respectively. Directional solidification of the BCP from a crystallizable solvent between glass substrates to induce microdomain alignment was proposed by Thomas and coworkers. [START_REF] Otsuka | Sub-10 nm Références Chapitres 2 & 3 158 Scale Nanostructures in Self-Organized Linear Di-and Triblock Copolymers and Miktoarm Star Copolymers Comprising Maltoheptaose and Polystyrene[END_REF][START_REF] Chiu | High-Performance Nonvolatile Transistor Memories of Pentacene Using the Green Electrets of Sugar-Based Block Copolymers and Their Supramolecules[END_REF] Zone annealing, which has been declined into hot zone annealing, [START_REF] Otsuka | Carbohydrate-Based Block Copolymer Systems: Directed Self-Assembly for Nanolithography Applications[END_REF][START_REF] Bernard | Synthesis of Various Glycopolymer Architectures via RAFT Polymerization: From Block Copolymers to Stars[END_REF] cold zone annealing [START_REF] Hatamzadeh | Synthesis of Conductive Polyaniline-Modified Polymers via a Combination of Nitroxide[END_REF] and laser zone annealing, [START_REF] Smith | Practical Prediction of Heteropolymer Composition and Drift[END_REF] is a technique based on local heating to induce microdomain alignment. [START_REF] Jaacks | A Novel Method of Determination of Reactivity Ratios in Binary and Ternary Copolymerizations[END_REF] Besides DSA, some polymer-based approaches initially developed for (PS-b-PMMA) allow to control the interfacial interactions to remove the enthalpic penalty at the interfaces and promote perpendicular orientation. Substrate neutralization is a strategy first introduced by the group of Russell using random copolymer brushes grafted to silicon substrates in order to avoid preferential interactions between the PMMA block and hydroxyl groups of the substrate at the bottom interface, which dictate the parallel orientation of the microdomains. [START_REF] Al Akhrass | Design of Crosslinked Hybrid Multilayer Thin Films from Azidofunctionalized Polystyrenes and Platinum Nanoparticles[END_REF] Subsequent thermal annealing above the glass transition temperature (Tg) of BCP thin films coated onto neutralized substrates counterbalances the surface energy difference of the blocks at the top interface, thus removing the enthalpic penalty for parallel orientation and enabling perpendicular orientation of the microdomains. Thermal annealing alone cannot overcome the often-increased surface energy mismatch at the top interface of highly incompatible (high-) BCP, resulting again in parallel orientation.

Solvent vapor annealing (SVA) has been developed to overcome the low effectiveness of thermal annealing and for BCP whose Tg and degradation temperature are close, imparting chain mobility by plastification. [START_REF] Satoh | A Facile Synthesis of Clickable and Acid-cleavable PEO for Acid-degradable Block Copolymers[END_REF] More recently, high temperature solvent vapor annealing, shortened by microwave annealing, has also been developed. It combines the effects of SVA and thermal annealing with shorter annealing times, which is particularly suited for sugar-based BCP such as polystyrene-block-maltoheptaose. [START_REF] Ryu | Surface Modification with Cross-Linked Random Copolymers: Minimum Effective Thickness[END_REF] In a similar manner to substrate neutralization, topcoats were implemented to tune the interfacial properties of high-BCP at the top interface. [START_REF] Ree | Probing the Self-Assembled Nanostructures of Functional Polymers with Synchrotron Grazing Incidence X-Ray Scattering[END_REF] Polarity-switching topcoats were studied by Willson and co-workers to circumvent solubility issues with the BCP thin film underneath. [START_REF] Müller-Buschbaum | GISAXS and GISANS as Metrology Technique for Understanding the 3D Morphology of Block Copolymer Thin Films[END_REF] Other top surface modifications including initiated chemical vapor deposition (iCVD) topcoats, [START_REF] Lee | Structural Analysis of Block Copolymer Thin Films with Grazing Incidence Small-Angle X-Ray Scattering[END_REF] induced topcoats at the top of a BCP thin film resulting from a plasma treatment, 67 or introduction of fluorinated segregating polymer additives were also proposed. 68,[START_REF] Sparnacci | Effect of Trapped Solvent on the Interface between PS-b-PMMA Thin Films and P(S-r-MMA) Brush Layers[END_REF] Incorporation of nanoparticles in the BCP deposition solution primarily studied by Kramer and co-workers tailors the interfacial interactions between the blocks, and the incurred entropic penalty drives the additives to migrate to one or both interface and induces vertical orientation. 70 Scheme 1. Schematic representation of the strategies developed to tune interfacial properties and promote perpendicular orientation of the microdomains of PS-b-PMMA described in this chapter, which are applicable to other BCPs. De surcroît, les blocs saccharidiques sont facilement dégradables. Des exemples de BCPs highà base de saccharides incluent le poly( caprolactone)-bloc-maltotriose, 4 le poly( caprolactone)-bloc-maltoheptaose, [5][6][7] le poly(méthacrylate de méthyle)-blocmaltoheptaose, 8 le poly(styrène)-bloc-maltopentaose, 9 le poly(méthacrylate de méthyle)-blocmaltopentaose, 9 le poly(3-hexylthiophène)-bloc-maltoheptaose, 10 le poly(isoprène)-blocmaltoheptaose, 11 et le poly(acrylate de n-butyle)-bloc-maltoheptaose. 12 Il a notamment été démontré que le BCP high-poly(triméthylsilylstyrène)-bloc-maltoheptaose s'auto-assemble en une morphologie cylindrique de 5 nm de diamètre seulement avec une distance de répétition de 8.3 nm, ce qui constitue la plus petite dimension rapportée à ce jour pour des structures de films minces de BCPs déposés sur des substrats de silicium. 13 -assemblage de BCPs entièrement biomaltooligosaccharide (maltose, maltotriose, des dimensions inférieures à 10 nm a également été démontré. 14 Borsali et coll. du Centre de Recherches sur les Macromolécules Végétales de Grenoble (CERMAV) ont été les premiers à synthétiser le BCP high-polystyrène-b-maltoheptaose (PSb-MH). 15 Il est obtenu par une réaction de chimie click basée sur la cycloaddition azoturealcyne catalysée par le cuivre(I) (CuAAC) entre un polystyrène -azoture et un maltoheptaose - 16 Plusieurs études sur le PS-

b-

sur son auto-assemblage en films minces : le type de recuit, [START_REF] Russell | 50th Anniversary Perspective: Putting the Squeeze in Polymers: A Perspective on Polymer Thin Films and Interfaces[END_REF][START_REF] Sinturel | Solvent Vapor Annealing of Block Polymer Thin Films[END_REF][19] le temps de recuit, [START_REF] Segalman | Graphoepitaxy of Spherical Domain Block Copolymer Films[END_REF] la composition du mélange de solvants pour le recuit, -assemblage des films minces de PS-b-

The self-assembly of block copolymers (BCP) in thin films has attracted a great deal of interest as a promising complementary bottom-up approach to top-down photolithography processes to reach ever smaller feature dimensions. [1][2][3][4][5][6] Since they afford well-ordered nanoscaled periodic patterns, thin films of BCP have been used as lithographic masks after removal of a sacrificial block to produce semi-conductors, 7 integrated circuits, 8 bit-patterned media, 9 magnetic dot arrays, 10 resistive memories, 11 filtration membranes, 12,13 photovoltaic cells, 14 or photonic materials. 15,16 Most of these applications require well-ordered microdomains oriented perpendicular to the substrate and spreading over large areas. In the bulk state, the volume fraction of the blocks (f), the total degree of polymerization (N) and the Flory-Huggins interaction parameter ( ) dictate the morphology and dimensions of the microdomains. Moreover, additional parameters such as commensurability between the BCP period and film thickness, preferential interactions at the interfaces and annealing conditions have a strong influence on the self-assembly of BCPs in thin films. [START_REF] Russell | 50th Anniversary Perspective: Putting the Squeeze in Polymers: A Perspective on Polymer Thin Films and Interfaces[END_REF] For BCP systems composed of highly dissimilar chemistries, the self-assembly in thin films results in lamellae or cylinders oriented parallel to the substrate due to the preferential interactions between one block of the BCP and the substrate. Numerous techniques have been implemented to efficiently direct the microdomain orientation in thin films: e.g. solvent vapor annealing (SVA), [START_REF] Sinturel | Solvent Vapor Annealing of Block Polymer Thin Films[END_REF] zone annealing, 19 graphoepitaxy, 20 chemoepitaxy, [START_REF] Yang | Complex Self-Assembled Patterns Using Sparse Commensurate Templates with Locally Varying Motifs[END_REF][START_REF] Jung | Orientation-Controlled Self-Assembled Nanolithography Using a Polystyrene-Polydimethylsiloxane Block Copolymer[END_REF] shear forces, [START_REF] Angelescu | Macroscopic Orientation of Block Copolymer Cylinders in Single-Layer Films by Shearing[END_REF] application of electric or magnetic fields, [START_REF] Morkved | Local Control of Microdomain Orientation in Diblock Copolymer Thin Films with Electric Fields[END_REF]25 or directional solidification. 26,27 In the late 90s, Russell, Hawker and coworkers introduced the concept of substrate neutralization by covalently-grafted brushes of poly(styrene-random-methyl methacrylate) to overcome the preferential interactions and afford perpendicular lamellae in thin films of PS-b-PMMA. [START_REF] Mansky | Controlling Polymer-Surface Interactions with Random Copolymer Brushes[END_REF] The orientation control of PS-b-PMMA microdomains has been further widely extended using mixtures of homopolymer brushes, [START_REF] Ji | Preparation of Neutral Wetting Brushes for Block Copolymer Films from Homopolymer Blends[END_REF] and pseudo-brushes. [START_REF] In | Side-Chain-Grafted Random Copolymer Brushes as Neutral Surfaces for Controlling the Orientation of Block Copolymer Microdomains in Thin Films[END_REF] Homopolymer brushes and BCP brushes have also been applied to control the orientation of the microdomains of polystyreneblock-poly(L-lactide) and polystyrene-block-poly(ethylene oxide), respectively, 31,32 while the substrate of polystyrene-block-poly(2-vinyl pyridine) (PS-b-P2VP) has been modified by both strategies. [START_REF] Ji | Preparation of Neutral Wetting Brushes for Block Copolymer Films from Homopolymer Blends[END_REF]33 Thermally cross-linked thin films of random copolymers involving benzocyclobutene moieties were further developed by Hawker, Russell and coworkers to circumvent the surface chemistry-dependence of substrate neutralization by grafted polymer brushes. [START_REF] Ryu | A Generalized Approach to the Modification of Solid Surfaces[END_REF] Comparable neutral underlayers were obtained using azide-, [START_REF] Bang | Facile Routes to Patterned Surface Neutralization Layers for Block Copolymer Lithography[END_REF][START_REF] Bates | Polymeric Cross-Linked Surface Treatments for Controlling Block Copolymer Orientation in Thin Films[END_REF] epoxy-, [START_REF] Han | Photopatternable Imaging Layers for Controlling Block Copolymer Microdomain Orientation[END_REF] or ketene-containing [START_REF] Jung | Efficient Surface Neutralization and Enhanced Substrate Adhesion Through Ketene Mediated Cross-Linking and Functionalization[END_REF] thermally or photo-cross-linkable random copolymer precursors, as well as by UVirradiation cross-linking of polystyrene coatings. [START_REF] Sun | Tuning Polymer-Surface Chemistries and Interfacial Interactions with UV irradiated Polystyrene Chains to Control Domain Orientations in Thin Films of PS-b-PMMA[END_REF] Rather than manipulating comonomers representative to those of the PS and PMMA blocks, and thus having a compositional drift throughout the copolymerization step, Ellison, Willson and coworkers reported a library of cross-linked underlayers obtained from random copolymers obtained exclusively from styrenic comonomers, i.e. different para-substituted styrenes and 4-vinylbenzyl azide as photo-crosslinkable group. [START_REF] Bates | Polymeric Cross-Linked Surface Treatments for Controlling Block Copolymer Orientation in Thin Films[END_REF] The surface energy of the cross-linked mats could be tuned in the 21-45 mN m -1 range but those obtained from styrene yielded perpendicular cylinders of PS-b-PMMA for the largest thickness window. They also evidenced that varying the molar fraction of 4vinylbenzyl azide units influenced the orientation of PS-b-PMMA microdomains and interestingly, even cross-linked underlayers obtained from poly(4-vinylbenzyl azide) homopolymer promoted densely-packed perpendicular cylinders. Interestingly for PS-b-PMMA, interfacial energies of the PS and PMMA blocks with air are similar at high temperatures. Hence there is no need to control the surface energies of the blocks at the top interface when thermal annealing is applied. 6 Solvent vapor annealing (SVA) has been developed to overcome the low effectiveness of thermal annealing for some BCPs and for BCPs having comparable glass transition and degradation temperatures. SVA imparts chain mobility by plastification by solvent molecules and has for instance proven its efficiency to promote vertical orientation of cylinder-forming PS-b-PEO thin films. [START_REF] Sinturel | Solvent Vapor Annealing of Block Polymer Thin Films[END_REF] More recently, high temperature SVA, shortened by microwave annealing ( SVA), has also been developed. It ideally combines the attributes of SVA and thermal annealing with shorter annealing times, which is particularly suited for saccharide-based BCP such as polystyrene-block-maltoheptaose (PS-b-MH) due to the limited thermal stability of the MH block. [START_REF] Liao | Carbohydrate-Based Block Copolymer Thin Films: Ultrafast Nano-Organization with 7 nm Resolution Using Microwave Energy[END_REF] To meet the requirements of nanotechnology industries, the race to ever smaller dimensions can be accomplished with BCP having lower N, only if the N product required for microphase separation is compensated by a higher value of . These highly incompatible BCPs, also coined as high-BCPs have already demonstrated the formation of self-assembled sub-10 nm microdomains. [START_REF] Sinturel | High-Low N Block Polymers: How Far Can We Go?[END_REF] Russell and Xu reported the directed self-assembly of a PS-b-P2VP (Mn = 19.5 kg mol -1 ) thin film coated onto a faceted sapphire substrate into perpendicular P2VP cylinders of 7.3 nm of diameter and a lattice spacing of 17.4 nm. [START_REF] Park | Macroscopic 10-Terabit-per-Square-Inch Arrays from Block Copolymers with Lateral Order[END_REF] Self-assembly of poly(cyclohexylethylene)-block-poly(methyl methacrylate) forms lamellae with a domain spacing of 9 nm. [START_REF] Kennemur | Sub-5 nm Domains in Ordered Poly(Cyclohexylethylene)-block-poly(methyl methacrylate) Block Polymers for Lithography[END_REF] Among others, silicon-containing BCPs have also been developed due to their high parameters and naturally high etch contrast, an important feature to use BCP thin films as lithographic templates. [START_REF] Durand | Design of High-Block Copolymers for Lithography[END_REF] Although the strong incompatibility between the blocks enables to reach sub-10 nm microdomains, the long-range order of high-BCPs is even more challenging as it often induces an increased surface energy mismatch between the blocks at the top interface; thermal annealing alone cannot overcome this difference, resulting in parallel orientation and limited grain size. Several strategies to tune the top interface of high-BCP thin films in order to impart perpendicular orientation have been developed. Willson and coworkers have reported alternating copolymers spin-coated from aqueous solutions above high-BCPs thin films, whose polarity switches upon thermal annealing through ring-opening and ring-closure mechanisms of anhydride moieties to form a neutral topcoat. [START_REF] Bates | Polarity-Switching Top Coats Enable Orientation of Sub-10 nm Block Copolymer Domains[END_REF] These polarity-switching topcoats were applied to several Si-containing high-BCP thin films, in combination with substrate modification and directed self-assembly, to promote laterally aligned perpendicular microdomains. [START_REF] Maher | Interfacial Design for Block Copolymer Thin Films[END_REF][START_REF] Maher | Directed Self-Assembly of Silicon-Containing Block Copolymer Thin Films[END_REF] Top interface tuning with fluorinated surface-active polymer (SAP) additives decreasing the surface energy difference between the blocks at the top interface has also been reported recently. [START_REF] Vora | Orientation Control of Block Copolymers using Surface Active, Phase-Preferential Additives[END_REF][START_REF] Zhang | Orientation Control in Thin Films of a High-X Block Copolymer with a Surface Active Embedded Neutral Layer[END_REF] The SAP additives are added to the BCP deposition solution and segregate to the interface with air upon deposition and annealing to form a topcoat. In Taking inspiration from earlier strategies for the control of the surface properties of planar substrates using cross-linked copolymer mats either made from comonomers representative of both blocks of the corresponding BCPs, [START_REF] Ryu | A Generalized Approach to the Modification of Solid Surfaces[END_REF][START_REF] Bang | Facile Routes to Patterned Surface Neutralization Layers for Block Copolymer Lithography[END_REF][START_REF] Bates | Polymeric Cross-Linked Surface Treatments for Controlling Block Copolymer Orientation in Thin Films[END_REF][START_REF] Han | Photopatternable Imaging Layers for Controlling Block Copolymer Microdomain Orientation[END_REF][START_REF] Jung | Efficient Surface Neutralization and Enhanced Substrate Adhesion Through Ketene Mediated Cross-Linking and Functionalization[END_REF] or from a single monomer with varying amounts of a cross-linkable comonomer, [START_REF] Bates | Polymeric Cross-Linked Surface Treatments for Controlling Block Copolymer Orientation in Thin Films[END_REF] we have synthesized five different photocross-linkable random copolymers PNnAp (with n and p the mol% of 4-vinylbenzyl azide and AGA units, respectively (Figure 1). and styrene 2 using 3 as chain transfer agent (CTA) followed by an azidation reaction in order to generate the photo-cross-linkable azidomethyl units (Figure 1). The copolymerizations were performed using a constant [1 + 2]0/[3]0/[AIBN]0 ratio of 300:1.0:0.5 and [1]0/[2]0 ratios of 2:8 and 9:1. PN20A0 and PN90A0 were obtained in 60 and 65% yield and number average polymerization degrees (DPn) of 180 and 195, respectively (Table 1). The spectral data of the resulting copolymers were in accordance with the litterature. [START_REF] Hatamzadeh | Synthesis of Conductive Polyaniline-Modified Polymers via a Combination of Nitroxide[END_REF] A second series of photo-crosslinkable carbohydrate-based random copolymers was synthesized in two steps by RAFT copolymerization using 3 as CTA and subsequent azidation reaction in order to target three copolymer compositions having 10 mol% of 4-vinylbenzyl azide and 10, 20 or 30 mol% of AGA units (Figure 1 and Table 1). Copolymerizations were carried out using a constant [1 + 2 + 4]0/[3]0/[AIBN]0 ratio of 400:1.0:0.5 and three comonomer fractions [1]0/[2]0/[3]0 of 1:8:1, 1:7:2 and 1:6:3. The syntheses of PN10A10, PN10A20 and PN10A30 by RAFT copolymerizations were performed up to limited monomers conversions in order to limit any composition drift resulting from reactivity ratio differences. However, any slight composition drift under such conditions would be homogeneous over every polymer chains due to the controlled nature of the RAFT copolymerization process. After 72 hours at 60 °C and purification by dialysis azidefunctionalized copolymers PN10A10, PN10A20 and PN10A30 were obtained in 23, 15 and 11% yield, respectively. These gravimetric values allowed to calculate number average polymerization degrees (DPn) of 90, 60 and 44, respectively.

The obtained copolymers were characterized by Attenuated Total Reflectance-Fourier Transform Infrared (ATR-FTIR) spectroscopy, Size Exclusion Chromatography (SEC) as well as 1 H and 13 C Nuclear Magnetic Resonance (NMR) spectroscopy. The chemical structure of the copolymers was confirmed by 1 H and 13 C NMR spectroscopy, as well as by Distortionless Enhanced Polarization Transfer (DEPT) and 2D 1 H-13 C Heteronuclear Single Quantum Coherence (HSQC) NMR (Figures 345). 1 H NMR spectra in DMSO-d6 demonstrated a logical decrease of the signals of the styrenic units in the 7.5-6.7 ppm range and the concomitant increase of the signals of the AGA units in the 5.5-3.0 ppm range when the AGA content increased from 10 to 30 mol% and for a constant signal of the azidomethylene protons at 4.3 ppm (Figure 3). The determination of monomer compositions by 1 H NMR was hampered by the overlapping of azidomethyl and AGA peaks, as well as by the presence of a broad peak due to residual water in the carbohydrate protons region. Nevertheless, we could estimate the copolymer composition from the signal integration by assuming a constant [1]/ [2] ) SEC of the AGA-free and AGA-containing copolymers shows that the monomodal traces are shifted to longer elution times (Mn decreases from 29.5 to 10.4 kg mol -1 according to PS standard) and exhibit higher chain dispersities (Ð increases from 1.17 to 3.76) when the amount of AGA units is increased from 0 to 30 mol% (Figure 6). The tailing and the shift to lower molar masses with increasing AGA content is most likely due to strong interactions of the AGA units with the stationary phase of the columns, also favored by chloroform as the eluent, and is thus over-expressed for high molar fractions of AGA units. as a constant reference peak (Figure 9). 19 F NMR also highlighted the presence of the characteristic signals from CF3 groups after esterification and showed that the coupling reaction occurs on the C3, C2 and C6 positions of maltoheptaose (peaks at 53, 55 and 63 ppm, respectively, Figure 10). The much higher peak intensity of the CF3 group on the C6 positions compared to those on the C2 and C3 positions (ca. 90, 8 and 2%, respectively) can be explained by the highest reactivity of primary alcohols compared to secondary ones. The decrease of the O-H stretching band (at 3700-3100 cm -1 ) and the concomitant appearance of the C-F stretching band (at 1400-1100 cm -1 ) confirmed the successful esterification reaction (Figure 11).
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Cross-linked mats were prepared by spin-coating dilute solutions of azidefunctionalized copolymers PNnAp (0. highly efficient and versatile process to control surface properties. [START_REF] Bates | Polymeric Cross-Linked Surface Treatments for Controlling Block Copolymer Orientation in Thin Films[END_REF][START_REF] Al Akhrass | Design of Crosslinked Hybrid Multilayer Thin Films from Azidofunctionalized Polystyrenes and Platinum Nanoparticles[END_REF][START_REF] Satoh | A Facile Synthesis of Clickable and Acid-cleavable PEO for Acid-degradable Block Copolymers[END_REF] After a 10 min annealing at 180 °C to ensure the total consumption of azides, the cross-linked mats are totally insoluble in good solvents of the initial copolymers which is a prerequisite to the subsequent deposition of the PS-b-MH thin films by spin coating. Nevertheless, mor deposited on the underlayer with the higher cross-linking density which hint that the orientations of the HEX-structured microdomains become disturbed for this particular sample (sample C, Figure 14f). Indeed, the GISAXS profile along qy integrated around the Yoneda band for the sample casted on PN90A0 exhibits a shoulder at q * ~0.62 nm -1 (Figure 14i), coherent with a signal related to a population of perpendicular cylinders as q HEX q*// HEX . [START_REF] Lee | Structural Analysis of Block Copolymer Thin Films with Grazing Incidence Small-Angle X-Ray Scattering[END_REF] Although the different cross-linked substrates exhibit comparable surface energies, their different surface chemistry inherent to dissimilar cross-linking density are most likely at the origin of the different self-assembled structures observed. This may stem from (i) a different swelling of the underlayers by the solvent mixture used for SVA, (ii) different amounts of embedded solvent remaining from the spin-coating of the cross-linkable copolymers and the BCP which can influence the annealing step, 67-69 and/or (iii) a different interpenetration depth between the BCP and the cross-linked underlayers. 70 We subsequently evaluated the influence of the amount of AGA in the underlayers (i.e. from 10 to 30 mol% of AGA units for PN10A10, PN10A20 and PN10A30, respectively) while maintaining the fraction of cross-linkable units constant (Figure 15). AFM of the PS-b-MH thin film supported on PN10A10 exhibits a fingerprint phase-separated pattern related to a parallel HEX structure and the GISAXS pattern confirms this assignation even if a minor signal related Intensity (a. u.)
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Chapter 3: Study of the Self-Assembly of Thin Films of Polystyrene-block-Maltoheptaose with Finely Tuned Interfacial Properties by AFM and GISAXS 141 to a population of perpendicular cylinders is also retrieved at qy * ~0.62 nm -1 (Figure 15b,f,j).

Samples casted on PN10A20 and PN10A30 display strikingly different AFM images and GISAXS patterns (Figure 15c,d,g,h,k,l). While both AFM phase images display a dot pattern, which is difficult to undoubtedly assign to a particular morphology, GISAXS demonstrated the presence of FCO spheres and BCC spheres for on PN10A20 and PN10A30, respectively. More precisely, the intensity profile along qy peak position ratio from qy * ~0.62 nm -1 for the sample casted on PN10A20, which is typical of a FCO arrangement of spheres (Figure 15k,o). [START_REF] Mishra | Symmetry Transition in Thin Films of Diblock Copolymer/Homopolymer Blends[END_REF][START_REF] Gunkel | An In Situ GISAXS Study of Selective Solvent Vapor Annealing in Thin Block Copolymer Films: Symmetry Breaking of In-Plane Sphere Order upon Swelling[END_REF] Conversely, the relative peak position ratio for the sample casted on PN10A30 qy * ~0.62 nm -1 in accordance with a BCC arrangement of spheres (Figure 15l,p). 73 there is (i) an orientational match between the cylinder axis and the [111] direction of the BCC lattice being parallel, and thus (ii) a d-spacing match between the (110) d-spacing of the BCC lattice (d110 BCC ) and the (100) d-spacing of the HEX lattice (d100 HEX ) (Scheme 2). [START_REF] Kimishima | Time-Resolved High-Resolution SAXS Studies of OOT Process and Mechanism from Hex-Cylinder to BCC-Sphere in a Polystyreneblock-polyisoprene Diblock Copolymer[END_REF][START_REF] Sota | Directed Self-Assembly of Block Copolymers into Twin BCC-Sphere: Phase Transition Process from Aligned Hex-Cylinder to BCC-Sphere Induced by a Temperature Jump between the Two Equilibrium Phases[END_REF][START_REF] Liao | Self-Assembly of a Silicon-Containing Side-Chain Liquid Crystalline Block Copolymer in Bulk and in Thin Films: Kinetic Pathway of a Cylinder to Sphere Transition[END_REF][77] In this series of samples, we experimentally obtained the required orientational match and a comparable d-spacing match (d110 BCC = 1.1 × d100 HEX ), as experimentally observed previously. 77 Since the PS-b-MH film thickness and the annealing conditions were identical for samples D-F, the different morphologies highlighted by GISAXS measurements and the resulting epitaxial order-order transitions must be related to the different physical and chemical properties of the different underlying substrates. In particular, the increased content of AGA units in the underlayers might (i) modify the amount of solvent trapped in the cross-linked underlayers after the spin-coating steps, 67-69 (ii) modify the swelling of the cross-linked underlayers during the μSVA process, (iii) induce a preferential interaction of the MH block with the underlayer, and/or (iv) induce the consequent formation of a MH wetting layer able to shift the stability Intensity (a. u.)
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A-0 wt% to perpendicular HEX cylinders (Figure 16).

It has been shown previously that the addition of SAP additives such as 3-5 wt% poly(hexafluoroalcohol styrene) (PHFAS, Mn = 5.3 kg mol -1 ), [START_REF] Vora | Orientation Control of Block Copolymers using Surface Active, Phase-Preferential Additives[END_REF] or 20 wt% poly(methyl methacrylate)-block-poly(hexafluoroisopropyl methacrylate) (PMMA-b-PHFIPMA, Mn = 6.5 kg mol -1 , 61 wt% HFiPMA), [START_REF] Zhang | Orientation Control in Thin Films of a High-X Block Copolymer with a Surface Active Embedded Neutral Layer[END_REF] to lamella-forming polystyrene-block-poly(methyl 5-methyl-2oxo-1,3-dioxane-5-carboxylate) (PS-b-PMTC, Mn = 27 kg mol -1 , d = 19.5 nm) and PS-b-P2VP

(Mn = 50 kg mol -1 , d = 28 nm), respectively afforded perpendicular orientation of the lamellae through (i) their interfacial segregation at the top interface upon spin-coating and annealing steps and (ii) the prevention of a wetting layer of the block with preferential interaction with air (lowest surface energy). PHFAS had preferential non-covalent interactions with the more polar PMTC block to lower its surface energy at the top interface. [START_REF] Vora | Orientation Control of Block Copolymers using Surface Active, Phase-Preferential Additives[END_REF] PMMA-b-PHFIPMA was neutral towards the blocks of PS-b-P2VP and formed a neutral topcoat on top of the film, with the PMMA and PHFIPMA blocks localized at the interface with the thin film and with air, respectively. [START_REF] Zhang | Orientation Control in Thin Films of a High-X Block Copolymer with a Surface Active Embedded Neutral Layer[END_REF] Consequently, the surface energy mismatch between the blocks at the top interface could be balanced. The sharper scattering profile and the higher q * peak for sample M (20 wt% of SAP additive) hint a better organization of the HEX perpendicular cylinders compared to sample G (10 wt% of SAP additive, Figure 17). Since the PS-b-MH films are 30 nm thick, it is expected that the loading of 10 and 20 wt% of SAP additive results in ca. 3 and 6 nm thick topcoats, respectively. Thus, the improved ordering in sample M is most likely related to a better-defined topcoat less impacted by the intermixing of the BCP and the topcoat and a more homogeneous coverage of the PS-b-MH thin film underneath. [START_REF] Zhang | Orientation Control in Thin Films of a High-X Block Copolymer with a Surface Active Embedded Neutral Layer[END_REF] It is also worth noting that the edgeless q * peak and the absence of higher order peak for a pure thin film Intensity (a. u.)

q y (nm -1 )
q* the smaller area under the curve and full width at half maximum (FWMH) corroborate the better organization of samples I and O (Table 3). In (

The reactivity ratios rAGA and rSt of AGA and styrene were determined to evaluate the copolymerization kinetics and the resulting copolymer structures. They were computed from the Jaacks method, 4 assuming the reactivity ratios of the styrenic monomers 1 and 2 to be similar.

To determine rAGA, AGA (48.7 mg, 0.209 mmol), styrene (1.14 mg, 0.01 mmol) and AiBN (0.81 mg, 0.02 eq) were diluted at 10 w/v% in DMF-d7 (471 μL). The reactive mixture was transferred into a valved NMR tube and was degassed three times by freeze-thaw cycles. 1 H NMR spectra were recorded at 60 °C on a Bruker Advance III 400 MHz spectrometer, every 15 min with 32 scans and an interscan delay d1 of 21 s. The solvent and temperature chosen for the kinetic study are representative of the real conditions of synthesis of the random copolymers. Monomer conversions were estimated from the ratio between the integration of the vinyl proton peaks of AGA (5.69-5.50 ppm) and the integration of the vinyl proton peaks of styrene (5.88-5.77 ppm) at times t and t0, where the ratio at t0 refers to the area of the peaks just after the temperature of 60 °C has been reached and was stable in the spectrometer. The reactivity ratio of AGA, which is the monomer in excess, is then obtained from the slope of the linear double logarithmic plot of comonomer conversions. The same procedure was applied to an excess of styrene to determine rSt.

Figure E1

. General scheme of radical copolymerization reactions with A and B monomers.

Due to the highly imbalanced monomer feed ratio, it is assumed that only one radical exists in the polymerization medium: the chain propagation takes almost exclusively place by the addition to a polymer radical with a terminal unit of the monomer in excess (Figure E1). The monomer consumption has been monitored by in situ 1 H NMR: the integration of the double bond of each monomer signal with time were measured and compared with the integration for each monomer signal measured at t0 (Figure E2). The reactivity ratios were obtained from two Jaacks plots, corresponding to the cases of each monomer in excess (Figures E3,E4). It is quite difficult to determine the reactivity ratio of styrene due to its slow consumption compared to AGA and this implies a significant error on its value. Notwithstanding the significant error, the resulting value was retained. The calculated reactivity ratios of AGA and styrene are rAGA = 0.53 (Figure E3) and rSt = 0.84 (Figure E4), respectively: styrene reacts faster than AGA. The product of rAGA and rSt is less than 1, meaning that there is a greater tendency for random copolymerization rather than for homopolymerization. The relationship between the monomer feed composition and the copolymer composition can be calculated with the reactivity ratios by: where fAGA, fSt and FAGA are the molar fraction of AGA in the comonomer feed, the molar fraction of styrene in the comonomer feed and the molar fraction of AGA in the resulting copolymer, respectively. The copolymer composition versus the comonomer feed composition in terms of AGA is plotted (Figure E5): an azeotropic composition is obtained for fAGA, azeotropic = 0.26. For any monomer feed composition with fAGA < fAGA, azeotropic, the resulting copolymer is richer in AGA Oppositely for any monomer feed composition with fAGA > fAGA, azeotropic, the resulting copolymer contains less AGA than the initial comonomer feed.

Figure E6

. Plot of the monomer feed composition fAGA (black curve), the instantaneous copolymer composition FAGA,inst (blue curve) and the average copolymer composition FAGA,av (orange curve) versus the overall degree of conversion x for fAGA,0 = 0.2 (top) and fAGA,0 = 0.4 (bottom). 

Degree of conversion x

The molar fraction of AGA in the comonomer feed and in the copolymer can be computed versus the overall degree of conversion x (Figure E6). It can be related to the changes in the comonomer feed by the Meyer-Lowry equation:

where fAGA,0 and fSt 0 represent the initial molar fraction of AGA and styrene, respectively, and the other symbols are given by: For fAGA,0 = 0.2 (< fAGA, azeotropic) (top of Figure E6) or fAGA, 0 = 0.4 (> fAGA, azeotropic) (bottom of Figure E6), there is a slight composition drift from approximatively 50 % of conversion. Then, it becomes more amplified until full conversion is reached. This composition drift is meaningful to determine the choice of radical polymerization for the synthesis of the random copolymer.

Indeed, in a free radical copolymerization, all chains start at different moments and grow at different rates, thus having different composition from a chain to another; a composition drift would be observed on the whole set of chains. In contrary, in a controlled radical copolymerization, since all chains grow simultaneously, they all have the same composition and a composition drift would be observed within a chain.

The Grazing Incidence Small Angle X-Ray Scattering (GISAXS) measurements were carried out at the NCD Beamline of the ALBA Light Source Synchrotron (Spain). A beam energy of The microphase separated structures resulting from the self-assembly of PS-b-MH in thin-films after SVA were analyzed in the real and reciprocal spaces using AFM and GISAXS, respectively. While AFM analysis only provides structural information of the extreme surface of the thin films, information about the morphology and orientation throughout the entire film thickness was obtained from GISAXS experiments.

In the following, we aimed at providing a detailed and comprehensive understanding of AFM and GISAXS data treatment to determine the morphology and orientation of PS-b-MH films.

First, 500 nm ×500 nm AFM phase images were measured to have an insight into the morphology at the upper surface of the film. At this stage, one can distinguish between parallel cylinders and perpendicular ones or spheres (orientation is always given with respect to the substrate). Then, GISAXS analysis was performed to support the AFM observations. A highly brilliant synchrotron X-ray source was required (ALBA synchrotron), because the collected signal scales with the amount of material which can be rather small. 6 In a GISAXS experiment, a monochromatic X-ray beam with wavevector ki is directed on a sample (parallel to the (x,y) plane) with an incident angle i < 1 °, with respect to the sample surface. It is reflected off the sample and the resulting scattering beams with wavevector kf are recorded on a 2D detector in the (qy, qz) plane of the reciprocal space, where qy and qz are the in-plane and out-of-plane scattering wavevector with respect to the sample surface. The scattered beams exit the sample with an in-plane scattering angle 2 in the qy direction and an out-of-plane scattering angle f in the qz direction (Figure E7). The scattering wavevector q is defined by: A beamstop is placed in front of the detector to avoid the direct and reflected beam to hit the detector.

In the following sections, these GISAXS notations will be used: qx (along the direction of the projection of the incident beam onto the sample surface), qy (perpendicular to the incident beam, parallel with the sample surface) and qz (perpendicular to the sample surface). 6 Horizontal cuts are often sufficient to determine the morphology: otherwise, vertical cuts along the qz direction around the qy* peak can provide vertical through-film information.

Hereafter, the procedure of AFM and GISAXS data treatment was applied to all the samples (Table E1). The description of hexagonally close-packed (HEX) parallel cylinders, HEX perpendicular cylinders, body-centered cubic (BCC) spheres and face-centered orthorhombic (FCO) spheres, as well as mixed morphologies and undeterminable morphology will be detailed in the following sections. All the horizontal scattering profiles were normalized at qy* (except sample I and O).

Table E1. The AFM phase image shows fingerprint-like structures at the top surface of sample A and the Fast Fourier Transform (FFT) depicts only a first-order ring, suggesting the presence of parallel cylinders with respect to the substrate (Figure E9a). The 2D GISAXS pattern exhibits scattering spots both in the qy and the qz directions, which is typical of in-plane oriented microdomains, thus supporting the hypothesis of parallel cylinders throughout the film thickness (Figure E9b).

a) b)

Figure E10. GISAXS intensity cut of sample A along the horizontal qy direction taken around the Yoneda band (white dashed line on Figure E9b). The relative peak position from the primary scattering peak qy* is indicated and the numbers into brackets specify the scattering plane. Intensity (a. u.)
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The horizontal scattering profile taken along the Yoneda band shows a primary scattering peak at qy* = 0.5488 nm -1 and a higher-order peak at qy = 1.0882 nm -1 (Figure E10). The peaks are related by 1:2 and attributed to the transmitted T(10) and reflected R(11) planes, 8 which are characteristic of parallel HEX cylinders with the {100} planes oriented perpendicular to the substrate (Figure E11a). The interplanar distance d100 is calculated by d100 = (2 ) / qy* and the cylinder center-to-center distance D is given by D = d10 A, d100 = 11.4 nm and D = 13.2 nm (Figure E11b). The ratio of second-to-first neighbor of 1 expected in a HEX lattice is experimentally observed. 9 In our series of samples, a qy* at ca. 0.55 nm -1 (q*// HEX ) is representative of HEX parallel cylinders.

To further confirm the presence of HEX parallel cylinders, the vertical scattering profile was extracted at qy* (Figure E12). Some weak peaks are observed, but their unequivocal interpretation can be considered as challenging. Therefore, to solve it we performed peak position calculations. Usually, parallel objects have scattering peaks arising from both transmitted and reflected X-ray beams along the qz direction (Figure E13). Taking this feature into consideration, the theoretical positions of the scattering peaks can be calculated by: with i the incident angle, c the critical angle of the block copolymer, the wavelength of the X-ray beam, and D the cylinder center-to-center distance. 10 represents the angle between the substrate and the scattering spots along the qz direction, while m represents the peak order. The minus and plus signs in the equation indicate the Bragg diffraction of the transmitted and reflected beams, respectively.

For the (10), ( 11) and ( 12) planes of a HEX lattice with the (100) plane perpendicular to the substrate, the parameters (m, ) are given by (1, tan -1 -1 -1 Figure E11). The projections of the calculated peak positions along the qz direction with i = 0.18 ° (experimental value), c = 0.12 °, = 0.10 nm (experimental value) and d100 = 9.75 nm give the following results: The AFM phase image of sample I shows a dot-like structure which could be associated to HEX perpendicular cylinders or spheres (Figure E16a).; the corresponding FFT exhibits blurred 18 first-order Bragg peaks equidistant from the center, indicating the presence of 3 grains of HEX perpendicular cylinders or spheres. 11 However, we also observed some fingerprint-like defects which could be attributed to HEX parallel cylinders.

The 2D GISAXS pattern exhibits clear Bragg rods along the qy direction (Figure E16b).

However, the warped shape of the Bragg rods may be linked to the beginning of a Debye-Scherrer ring at ca. 0.55 nm -1 and thus, randomly oriented microdomains.

b) a)

Figure E17. GISAXS intensity cut of sample I along the horizontal qy direction taken around the Yoneda band (white dashed line on Figure E16b). The black arrow indicates a faint shoulder at ca. 0.55 nm -1 . The relative peak position from the primary scattering peak q* is indicated and the numbers into brackets specify the scattering plane.

The horizontal scattering profile shows a tilted primary scattering peak at qy* = 0.5920 nm -1 and intense higher-order peaks at qy = 1.0423 nm -1 and qy = 1.2041 nm -1 (Figure E17). The planes of HEX perpendicular cylinders (defined by q HEX ). The interplanar distance d100 and the cylinder center-to-center distance are 10.6 nm and 12.3 nm, respectively.

A faint shoulder linked to the tilting is marked with an arrow at ca. 0.55 nm -1 , in agreement with the warped Bragg rods on the 2D GISAXS pattern. Regarding q*// HEX appearing at ca. 0.55 nm -1 (see previous section), this shoulder could reflect a minor phase of HEX parallel cylinders in sample I. If this is the case, we should observe q HEX q*// HEX , which is experimentally obtained. 12 In our series of samples, a qy* at ca. 0.61 nm -1 can be representative of HEX perpendicular cylinders (see following sections).

q* R( 10 
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Despite its bad quality, the AFM phase image of sample C shows fingerprint-like structures and the FFT a first-order ring, which suggest the presence of parallel cylinders (Figure E24a). However, the 2D GISAXS profile exhibits scattering features typical of both HEX parallel cylinders and HEX perpendicular cylinders (blue and red circle on Figure E24b, respectively).

Figure E25

. GISAXS intensity cut of sample C along the horizontal qy direction taken around the Yoneda band (white dashed line on Figure E24b). The blue and red arrows indicate the position of the primary scattering peak for HEX parallel cylinders and HEX perpendicular cylinders, respectively (similarly to the circles on Figure E24b).

A broad unsharp primary scattering peak is observed on the horizontal profile of sample C (Figure E25). Based on the previous morphology determination, we notice that qy* = 0.5812 nm -1 is located between ca. 0.55 and 0.60 nm -1 (blue and red arrow on Figure E25, respectively), which are the q* values of HEX parallel cylinders and HEX perpendicular cylinders or spheres ca. 1.84 q* appears q* and 2q* of HEX parallel cylinders and perpendicular ones, respectively.

The extraction of the horizontal profile confirmed the initial insight into the 2D GISAXS pattern: sample C is composed of HEX parallel cylinders and HEX perpendicular cylinders. The AFM phase image shows a dot-like structure at the top surface of sample F, which could be attributed to perpendicular cylinders or spheres (Figure E29a). The FFT exhibits a slightly distorted ring, which may be due to BCC spheres, containing several first-order peaks indicating the presence of several grains. The 2D GISAXS pattern exhibits intense spots in both directions, as well as an intense Debye-Scherrer ring (Figure E29b). E29b). The relative peak position from the primary scattering peak q* is indicated and the numbers into brackets specify the scattering plane.

b) a)

The horizontal scattering profile around the Yoneda band shows a primary scattering peak at qy* = 0.6189 nm -1 and higher-order peaks at qy = 0.6990 nm -1 , qy = 1.0181 nm -1 and qy = 1.2230 nm -1 (Figure E30). The relative peak position ratio of characteristic of the BCC (110) plane parallel to the substrate (Figure E31). 9 Moreover, the ratio of second-to-first neighbor for BCC packing of qy (10) / qy(01) = is experimentally observed. 9 It is worth noting that in our series of samples, a qy* around 0.61 nm -1 can be representative of HEX perpendicular cylinders and BCC spheres. Intensity (a. u.) q y (nm -1 ) q* R( 10) The AFM phase image of sample E exhibits a dot-like structure, which could again be attributed to perpendicular cylinders or spheres and the corresponding FFT indicates large unclear spots with 6-fold symmetry (Figure E33a). The 2D GISAXS pattern shows an intense spot at qy ca.

q* R(1-2) q* R(01) q* R(20)
0.6 nm -1 also spreading in the qz direction (Figure E33b). It is worth noting that this 2D GISAXS pattern is very similar to that of BCC spheres. E33b). The relative peak position from the primary scattering peak q* is indicated and the numbers into brackets specify the scattering plane.

b) a)

The horizontal scattering profile around the Yoneda band shows a first rounded peak, with a primary scattering peak at qy* = 0.6270 nm -1 qy = 0.6756 nm -1 ; a higher-order peak was observed at qy = 1.0639 nm -1 (Figure E34). The peaks related by 13,14 The At this point, we can note that a q* at ca. 0.61 nm -1 can be representative of three morphologies:

HEX perpendicular cylinders, BCC or FCO spheres. Cylinders and spheres can be easily distinguished by their relative peak position ratios. However, there is only a feeble difference between the second-to-first peak position ratio for BCC and FCO spheres. A primary scattering peak is observed in the horizontal profile of sample S at q* = 0.6028 nm - 1 but there is no higher order peak (Figure E38). This reflects a microphase-separation deprived of long-range order.

Since no relative peak position ratio can be established, a clear morphology determination is impossible. However, we can still have an insight into the morphology: q* appears at the same q* value than for HEX perpendicular cylinders or spheres (BCC or FCO).

Therefore, we can suppose that the sample S is either composed of HEX perpendicular cylinders or spheres (BCC or FCO). Intensity (a. u.) q y (nm -1 ) 
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a

  Molar mass. b L0 (or d-spacing) is the lattice period of the BCP. c H refers to the thickness of the BCP thin film over which perpendicular orientation of the microdomains is observed. d The indicated number refers to the structures in this section. e t refers to the thickness of the topcoat. Abbreviations: MA (maleic anhydride), MMA (substituted methyl methcrylate), MM (N-methylmaleimide), N (norbornene or substituted norbornene), S (styrene), di-tBS (3,5-di-tert-butylstyrene) and tBS (4-tert-butylstyrene).
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  minces de PS-b-les propriétés interfaciales. Le choix au PS-b-MH, comme additif Le Chapitre 3 -couches et des additifs fluorés auto-assemblage de PS-b-MH en films minces. sont décrites, notamment avec une description détaillée de la technique GISAXS. Par ailleurs, une procédure générale de traitement des données GISAXS pour différentes morphologies typiquement observées est détaillée dans le chapitre expérimental (p.181-206) et appliquée par de PS-b-MH avec/sans modification du SVA, sont décrits. -couche réticulée, (ii) de la quantité nfluence combinée de la sous--assemblage de films minces de PS-b-MH en sont étudiés par AFM et par GISAXS pour les comparer à des films minces de PS-b-MH sur substrats de silicium. En particulier, le mécani topcoat auto-assemblé sélectivement localisé au-dessus des blocs de PS-b-MH est décrit.

  combination with cross-linked underlayers, fluorinated homopolymers and embedded fluorinated BCP neutral layer were employed to control the orientation of thin films of polystyrene-block-poly(methyl 5-methyl-2-oxo-1,3-dioxane-5-carboxylate) and PS-b-P2VP, respectively.Polystyrene-block-maltoheptaose (PS-b-MH) is a high-BCP comprising a synthetic PS block and an oligosaccharide MH block. The strong incompatibility arising from the hydrophobic and hydrophilic imbalance between the PS and MH blocks, further sterically --10 nm microdomains upon annealing.11,[START_REF] Liao | Carbohydrate-Based Block Copolymer Thin Films: Ultrafast Nano-Organization with 7 nm Resolution Using Microwave Energy[END_REF][52][START_REF] Otsuka | Control of 10 nm Scale Cylinder Orientation in Self-Organized Sugar-Based Block Copolymer Thin Films[END_REF][START_REF] Otsuka | Sub-10 nm Références Chapitres 2 & 3 158 Scale Nanostructures in Self-Organized Linear Di-and Triblock Copolymers and Miktoarm Star Copolymers Comprising Maltoheptaose and Polystyrene[END_REF][START_REF] Chiu | High-Performance Nonvolatile Transistor Memories of Pentacene Using the Green Electrets of Sugar-Based Block Copolymers and Their Supramolecules[END_REF][START_REF] Otsuka | Carbohydrate-Based Block Copolymer Systems: Directed Self-Assembly for Nanolithography Applications[END_REF] In previous studies, SVA[52][START_REF] Otsuka | Control of 10 nm Scale Cylinder Orientation in Self-Organized Sugar-Based Block Copolymer Thin Films[END_REF][START_REF] Otsuka | Sub-10 nm Références Chapitres 2 & 3 158 Scale Nanostructures in Self-Organized Linear Di-and Triblock Copolymers and Miktoarm Star Copolymers Comprising Maltoheptaose and Polystyrene[END_REF][START_REF] Chiu | High-Performance Nonvolatile Transistor Memories of Pentacene Using the Green Electrets of Sugar-Based Block Copolymers and Their Supramolecules[END_REF] and microwave annealing[START_REF] Liao | Carbohydrate-Based Block Copolymer Thin Films: Ultrafast Nano-Organization with 7 nm Resolution Using Microwave Energy[END_REF] conditions were finely tuned to impart perpendicular orientation of the microdomains of PS-b-MH in thin films. Thin films of PS-b-MH were also subjected to graphoepitaxy for nanolithography applications, 56 and were used for memory devices applications. 11,56 Herein, we report the influence of interfacial tuning with cross-linked neutralization underlayers and fluorinated SAP additive on the self-assembly of a cylinderforming PS-b-MH (Mn = 5.7 kg mol -1 , fMH = 0.16) in thin films. A library of random photocross-linkable copolymers with 10-30 mol% of a carbohydrate-based methacrylamide, 20-90 cross-linked mats to modify the surface of silicon substrates. Besides, a partially fluorinated analogue of PS-b-MH (PS-b-MHF with ca. 14% of hydroxyl groups of the MH block substituted by trifluoropropionyl moieties) was synthesized and used as a SAP additive able to ideally segregate to the top surface of the PS-b-MH thin film upon spin-coating and. The SAP additive is designed to be phase-preferential, with the PS and MHF block segregating at the top interface and registering above the PS and MH blocks of the cylinder-forming self-assembled thin film, respectively. The self-assembly resulting from interfacial tuning of one, the other or both interfaces was investigated by Atomic Force Microscopy (AFM) and Grazing Incidence Small Angle X-Ray Scattering (GISAXS), and compared to pure PS-b-MH and PS-b-MHF thin-films on silicon substrates. By tuning one or both interfaces the orientation of the hexagonally close-packed (HEX) cylindrical structure could be controlled, and an epitaxial order-order transition from HEX cylinders to body-centered cubic (BCC) spheres was observed. Summary I. Synthesis of Functional Polymers ....................................................................................... 1. Azide-Containing Photo-Cross-linkable Copolymers ............................................ a. Synthesis .....................................................................................................
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 1310102 Figure 1. Two-step synthesis of cross-linkable random copolymers PNnAp by RAFT copolymerization and azidation reaction.

Figure 2 .

 2 Figure 2. ATR-FTIR traces of PN10A30 (black line), PN10A20 (red line), PN10A10 (green line) and PN20A0 (blue line).

Chapter 2 :

 2 Design and Characterization of Functional Polymers for the Interfacial Tuning of Thin Films of Polystyrene-block-Maltoheptaose 120 were in good agreement with monomer feeds and the 1 H NMR spectra clearly exhibited the expected increase of carbohydrate signals concomitant with the decrease of aromatic protons when the content of AGA in the monomer feed was increased.

Figure 3 .

 3 Figure 3. 1 H NMR (25 °C, DMSO-d6, 500 MHz) of carbohydrate-based cross-linkable statistical copolymers PN10A30 (top), PN10A20 (middle) and PN10A10 (bottom).

  of j, l, m, n, o || || Chapter 2: Design and Characterization of Functional Polymers for the Interfacial Tuning of Thin Films of Polystyrene-block-Maltoheptaose 121 Most signals could be assigned using a combination of 1D ( 1 H and 13 C) and 2D (DEPT, HSQC) NMR spectroscopy (Figures 4,5) for PN10A30 that contains the highest molar fraction of AGA units.
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 4256 Figure 4. 13 C (top) and 13 C DEPT (bottom) NMR (25 °C, DMSO-d6, 100 MHz) of PN10A30.
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 8432 Figure 8. Synthesis of PS-b-MHF 7 by esterification of PS-b-MH 5 with 3,3,3trifluoropropionyl chloride 6.
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 9 Figure 9. 1 H NMR (25 °C, DMF-d7, 500 MHz) of PS-b-MH 5 (top) and PS-b-MHF 7 (bottom).
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 23211 Figure S10. 19 F NMR (25 °C, DMF-d7, 375 MHz) of PS-b-MHF 7.
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 2 4 1.6 mg mL -1 ) in 2:1 (v/v) mixtures of THF and PGMEA onto cleaned silicon substrates and subsequent photo-cross-linking under UV irradiation. The cross-linking of mats of azide-functionalized copolymers by UV-irradiation through the generation of highly reactive nitrene intermediates has been previously demonstrated as a Design and Characterization of Functional Polymers for the Interfacial Tuning of Thin Films of Polystyrene-block-Maltoheptaose 130
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 122131293314 Figure 12. Thickness of cross-linked and annealed films as a function of concentration of PN20A0 (blue square), PN90A0 (orange triangle), PN10A10 (green circle), PN10A20 (red triangle) and PN10A30 (black star) in THF/PGMEA 2:1 spin coating solutions and the linear fit of the random copolymers (dashed line). Error bar shows mean standard deviation.
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 3 Study of the Self-Assembly of Thin Films of Polystyrene-block-Maltoheptaose with Finely Tuned Interfacial Properties by AFM and GISAXS139The AFM phase images and GISAXS patterns of nanostructured PS-b-MH thin films deposited on a silicon substrate and on cross-linked underlayers with increasing cross-linking density (i.e. 20 and 90 mol% of 4-vinylbenzyl azide for PN20A0 and PN90A0, respectively) are presented in Figure14. The AFM image of the PS-b-MH thin film on the silicon substrate exhibits fingerprint phase-separated structures typical of HEX cylinders parallel to the substrate. This is corroborated by the GISAXS pattern showing a 1:2 relative peak position ratio from the primary scattering peak qy * ~0.55 nm -1 obtained from the extracted horizontal profile (Figure14a,d,h,j). Independently of the cross-linking density of the underlayers, the AFM images and GISAXS patterns also show HEX parallel cylinders (Figure14b,c,e,f,h,i).

Figure 15 .

 15 Figure 15. Effect of the cross-linking density. (a-d) AFM 500 nm × 500 nm phase images, (eh) 2D GISAXS patterns, (i-l) GISAXS intensity cuts along the horizontal qy direction taken around the Yoneda band and (m-p) schematic representation of the lattices for the self-assembly of PS-b-MH thin films supported by a (a,e,i,m) silicon substrate, (b,f,j,n) PN10A10 underlayer,(c,g,k,o) PN10A20 underlayer and (d,h,l,p) PN10A30 underlayer. HEX parallel cylinders in yellow, small population of HEX perpendicular cylinders in red. spheres in FCO lattice in green, spheres in BCC lattice in orange.

Scheme 2 .

 2 Scheme 2. Schematic representation of an epitaxial transition from HEX parallelcylinders to BCC spheres.

Chapter 3 :

 3 Study of the Self-Assembly of Thin Films of Polystyrene-block-Maltoheptaose with Finely Tuned Interfacial Properties by AFM and GISAXS 142 window of the BCP structure towards morphologies characterized by a lower volume fraction of MH (i.e. spheres).Similar order-order transition from cylinders to spheres in PS-b-MH thin films have been previously observed.52,[START_REF] Liao | Self-Assembly of Copper-free Maltoheptaose-block-polystyrene Nanostructured Thin Films in Real and Reciprocal Space[END_REF] For instance, Aissou et al. demonstrated in PS-b-MH thin films supported by silicon substrates that hydrogen bonding between the hydroxyl groups of PS-b-MH and bipyridine probably increased the volume fraction of the MH block and decreased the N product owing to a moderation of the hydrophilic character of the MH-bipyridine block.52 Besides, by varying the THF/H2O ratio from 1:1 to 1:0 for SVA, Liao et al. showed a transition from distorted HEX cylinders to face-centered cubic spheres in thin films of PS-b-MH supported by silicon substrates.[START_REF] Liao | Self-Assembly of Copper-free Maltoheptaose-block-polystyrene Nanostructured Thin Films in Real and Reciprocal Space[END_REF] In the present work, it is unlikely that the different crosslinked underlayers may modify the incompatibility parameter of PS-b-MH and thus morphological change throughout the film thickness must be exclusively a result of interfacial phenomena.Finally, although the chemical nature of the cross-linked underlayers has a significant impact on the morphology of identical PS-b-MH thin films they are not able to promote the desired perpendicular cylindrical morphology. This is in strong contrast to e.g. the selfassembly of PS-b-PMMA thin films where the orientation of cylinder-forming BCPs can be finely tuned by the chemical composition of the underlayers.[START_REF] Ryu | A Generalized Approach to the Modification of Solid Surfaces[END_REF][START_REF] Bang | Facile Routes to Patterned Surface Neutralization Layers for Block Copolymer Lithography[END_REF][START_REF] Bates | Polymeric Cross-Linked Surface Treatments for Controlling Block Copolymer Orientation in Thin Films[END_REF][START_REF] Han | Photopatternable Imaging Layers for Controlling Block Copolymer Microdomain Orientation[END_REF][START_REF] Jung | Efficient Surface Neutralization and Enhanced Substrate Adhesion Through Ketene Mediated Cross-Linking and Functionalization[END_REF][START_REF] Sun | Tuning Polymer-Surface Chemistries and Interfacial Interactions with UV irradiated Polystyrene Chains to Control Domain Orientations in Thin Films of PS-b-PMMA[END_REF][START_REF] Bates | Polymeric Cross-Linked Surface Treatments for Controlling Block Copolymer Orientation in Thin Films[END_REF] 

Figure 16 .

 16 Figure 16. Effect of the PS-b-MHF SAP additive. (a-c) AFM 500×500 nm phase images, (d-f) 2D GISAXS patterns, (g-i) GISAXS intensity cuts along the horizontal qy direction taken around the Yoneda band and (j-l) schematic representation of the lattices for the self-assembly of PS-b-MH thin films (a,d,g,j) without SAP additive, containing (b,e,h,k) 10 wt% and (c,f,i,l) 20 wt% SAP additive. HEX parallel cylinders in yellow, HEX perpendicular cylinders in red.

Chapter 3 :

 3 Study of the Self-Assembly of Thin Films of Polystyrene-block-Maltoheptaose with Finely Tuned Interfacial Properties by AFM and GISAXS 144 The AFM phase images and GISAXS patterns of PS-b-MH/PS-b-MHF thin films supported by silicon substrates with increasing contents of PS-b-MHF SAP additive are featured on Figure 16. Regardless of the content of SAP additive, the AFM images display a dot pattern which could be either attributed to HEX perpendicular cylinders or spheres.GISAXS patterns were able to discriminate the different possible morphologies and spotlight the scattering peak at qy * ~0.60 nm -1 (Figure16h,i). Besides, a weak signal at qy * ~0.70 nm -1 could be attributed to the (4/3) qy * signal typical of BCC spheres. The formation of a topcoat resulting from the interfacial segregation of the PS-b-MHF SAP additive able to balance the surface energy mismatch at the top interface is most likely responsible for the orientation switch from parallel

Chapter 3 :Figure 17 .

 317 Figure 17. Normalized GISAXS intensity cuts along the horizontal qy direction taken around the Yoneda band of samples G (black line) and M.

Chapter 3 :Scheme 3 .Chapter 3 :Figure 18 .Table 3 .

 333183 Scheme 3. Schematic Representation of the Segregated and Registered Phase-Preferential PS-b-MHF SAP Additive at the Top Interface of a PS-b-MH Thin Film.
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 33 Figure C1-b-MH déposés sur des substrats de silicium sur son auto-assemblage. Les films sont recuits par SVA à 160 °C pendant 5 s avec 0.7 mL THF/H2O 3:1. AFM en phase 500×500 nm.

  ).Ces différences qui mériteraient une plus grande attention sont illustrées par les images AFM de films de PS-b-(FigureC1un substrat de silicium, on observe des sphères ou des cylindres HEX perpendiculaires peu ordonnés et un mélange de

Figure

  Figure C2 ut de (a) 10 wt% et (b) 20 wt% de PS-b-MHF à des films de PS-b-MH -assemblage. Les films sont recuits par SVA à 160 °C pendant 5 s avec 0.7 mL THF/H2O 3:1. Images AFM en phase 500×500 nm.

Figure C2 )

 C2 Figure C2) et la quantité de fluor au sein du bloc MHF (~7 groupements fluorés par bloc au lieu de ~3 pour le bloc MHF, Figure C3). Par exemple, lorsque 10 et 20 wt% de PS-b-MHF sont ajoutés à un film de PS-b-on observe une transition de sphères ou des cylindres HEX perpendiculaires peu ordonnés (FigureC1) à des cylindres HEX parallèles majoritaires (FigureC2a) puis a des sphères ou cylindres HEX perpendiculaires plus ordonnés (FigureC2

Figure C3 - b -

 b Figure C3-b-MHF ayant ~7 groupes fluorés par bloc MHF à des films de PS-bde silicium sur son auto-assemblage. Les films sont recuits par SVA à 160 °C pendant 5 s avec 0.7 mL THF/H2O 3:1. Images AFM en phase 500×500 nm.

Figure E2. 1 H

 1 Figure E2.1 H NMR (60 °C, DMSO-d7, 400 MHz) of the copolymerization of AGA and styrene with AGA/styrene 95:5 at t = 0 (t0) and t = 120 min. The boxes show the vinyl protons of AGA.

Figure E3 .

 E3 Figure E3. Determination of rAGA. Jaacks plot for the copolymerization at 60°C in DMF-d7 of a mixture of 95:5 AGA/styrene. The dashed line is the fitting of the results.

Figure E4 .

 E4 Figure E4. Determination of rSt. Jaacks plot for the copolymerization at 60°C in DMF-d7 of a mixture of 5:95 AGA/styrene. The dashed line is the fitting of the results.

Figure E5 .

 E5 Figure E5. Plot of the molar fraction of AGA in the copolymer FAGA versus the molar fraction of AGA in the comonomer feed fAGA. The dashed line is the result for an ideal copolymerization.

  comonomer feed, which is gradually enriched in styrene throughout the reaction.

Figure

  Figure E6 also shows the average molar composition FAGA,av which can be expressed in terms of fAGA and x by:

12. 4

 4 keV ( = 1.003 Å) was used and the X-ray beam was focused on the sample position. The GISAXS 2D patterns were recorded on a Pilatus 1M Dectris detector, with 496 × 816 pixels and pixel size of 172 μm × 172 μm in the (qy, qz) plane. A sample-to-detector distance of 4 m was configured to resolve scattering features in the examined systems. Samples were aligned with respect to the beam direction. The incident angle i was set at 0.18° and data were collected for 120 s. All the presented GISAXS patterns are zoomed-in view from larger patterns. The full measured in-plane range is qy = -1.3 1.3 nm -1 and out-of-plane range is qz = -0.6 2.2 nm -1 .

Figure E7 .

 E7 Figure E7. Schematic picture of the GISAXS scattering geometry. http://gisaxs.de/theory.html

Figure E8 .

 E8 Figure E8. Description of a 2D GISAXS pattern.

  Investigation of the self-assembly of PS-b-MH (sample A) and PS-b-MHF (sample S) supported by a silicon substrate, PS-b-MH supported by different cross-linked underlayers (samples B-F), PS-b-MH supported by silicon substrates with PS-b-MHF SAP additive (samples G,M) and PS-b-MH supported by different cross-linked underlayers with PS-b-MHF SAP additive (samplesH-L,N-R).In our series of PS-b-MH thin films, hexagonally close-packed (HEX) parallel cylinders were observed for samples A and B, and as an example, the data treatment procedure of sample A (no modification) is detailed below.

Figure E9 .

 E9 Figure E9. (a) 500 nm × 500 nm AFM phase image of sample A, the inset shows the Fast Fourier Transform (FFT). (b) 2D GISAXS pattern of sample A at i = 0.18 °; the white and black dashed lines depict the horizontal and vertical cuts along the qy and qz directions, respectively.

Figure E11 .

 E11 Figure E11. Schematic representation of (a) the HEX lattice with the (100) plane perpendicular to the substrate, and (b) the corresponding characteristic distances D and d100.

Figure E12 .

 E12 Figure E12. GISAXS intensity cut along the vertical qz direction around qy* (black dashed line on FigureE9b) and the calculated positions.

Figure E13 .

 E13 Figure E13. A schematic GISAXS pattern due to HEX-structured microdomains in the in-plane of a diblock copolymer thin film deposited on a silicon substrate: the six open spots are the first-order diffraction peaks generated by the reflected X-ray beam (marked with the dotted arrow); the six filled spots are the first-order diffraction peaks generated by the transmitted Xray beam (marked with the solid arrow): the dotted and solid cross marks denote positions of the specularly reflected and transmitted X-ray beams, respectively. Reproduced from Ref. 8.

Figure E14 .Figure E15 .

 E14E15 Figure E14. 2D GISAXS pattern of sample A where the calculated positions of the spots of the transmitted (black squares) and reflected (white squares) X-ray beams and their planes are displayed. The black arrow indicates the Debye-Scherrer ring due to the transmitted beam.

Figure E16 .

 E16 Figure E16. (a) 500 nm × 500 nm AFM phase image of sample I, the inset shows the FFT. (b) 2D GISAXS pattern of sample I at i = 0.18 °; the white dashed line depicts the horizontal scattering profile along the qy direction. The white arrow indicates the beginning of the Debye-Scherrer ring at ca. 0.55 nm -1 .

Figure E18 .

 E18 Figure E18. Characterization of sample G (a) 500 nm × 500 nm AFM phase image, (b) GISAXS 2D pattern at i = 0.18 °, (c) GISAXS intensity cut of sample I along the horizontal qy direction taken around the Yoneda band.

Figure E19 .Figure E20 .

 E19E20 Figure E19. Characterization of sample J (a) GISAXS 2D pattern at i = 0.18 °, (b) GISAXS intensity cut of sample J along the horizontal qy direction taken around the Yoneda band.

Figure E21 .

 E21 Figure E21. Characterization of sample M (a) 500 nm × 500 nm AFM phase image, (b) GISAXS 2D pattern at i = 0.18 °, (c) GISAXS intensity cut of sample M along the horizontal qy direction taken around the Yoneda band.

Figure E22 .Figure E23 .

 E22E23 Figure E22. Characterization of sample O (a) 500 nm × 500 nm AFM phase image, (b) GISAXS 2D pattern at i = 0.18 °, (c) GISAXS intensity cut of sample O along the horizontal qy direction taken around the Yoneda band.

Figure E24 .

 E24 Figure E24. (a) 500 nm ×500 nm AFM phase image of sample C, the inset shows the FFT. (b) 2D GISAXS pattern of sample C at i = 0.18 °; the white dashed line depicts the horizontal scattering profile along the qy direction. The blue and red circles highlight the scattering features of HEX parallel cylinders and HEX perpendicular cylinders, respectively.

  Figure E26. Characterization of sample D (a) 500×500 nm AFM phase image, (b) GISAXS 2D pattern at i = 0.18 °, (c) GISAXS intensity cut of sample D along the horizontal qy direction taken around the Yoneda band.

Figure E27 .

 E27 Figure E27. Characterization of sample H (a) 500×500 nm AFM phase image, (b) GISAXS 2D pattern at i = 0.18 °, (c) GISAXS intensity cut of sample H along the horizontal qy direction taken around the Yoneda band.

Figure E28 .

 E28 Figure E28. Characterization of sample Q (a) GISAXS 2D pattern at i = 0.18 °, (b) GISAXS intensity cut of sample Q along the horizontal qy direction taken around the Yoneda band.

200

  The sample F (PN10A30 cross-linked underlayer, no PS-b-MHF SAP additive) is representative of the samples structured into body-centered cubic (BCC) spheres. This morphology was also observed in sample R.

Figure E29 .

 E29 Figure E29. (a) 500 nm × 500 nm AFM phase image of sample F, the inset shows the FFT. (b) 2D GISAXS pattern of sample F at i = 0.18 °; the white dashed line depicts the horizontal scattering profile along the qy direction. The white arrow indicates the Debye-Scherrer ring at ca. 0.55 nm -1 .

Figure E30 .

 E30 Figure E30. GISAXS intensity cut of sample F along the horizontal qy direction taken around the Yoneda band (white dashed line on FigureE29b). The relative peak position from the primary scattering peak q* is indicated and the numbers into brackets specify the scattering plane.

Figure E31 .

 E31 Figure E31. Schematic representation of (a) the BCC lattice and (b) the BCC lattice with the (110) plane parallel to the substrate.

Figure E32 .

 E32 Figure E32. Characterization of sample R (a) GISAXS 2D pattern at i = 0.18 °, (b) GISAXS intensity cut of sample R along the horizontal qy direction taken around the Yoneda band.

Figure E33 .

 E33 Figure E33. (a) 500 nm × 500 nm AFM phase image of sample E, the inset shows the FFT. (b) 2D GISAXS pattern of sample E at i = 0.18 °; the white dashed line depicts the horizontal scattering profile along the qy direction. The white arrow indicates the Debye-Scherrer ring.

Figure E34 .

 E34 Figure E34. GISAXS intensity cut of sample E along the horizontal qy direction taken around the Yoneda band (white dashed line on FigureE33b). The relative peak position from the primary scattering peak q* is indicated and the numbers into brackets specify the scattering plane.

  interplanar distance d is calculated by d = (2 ) / qy* and the cylinder center-to-center distance D is given by D = d sample E, d = 10.0 nm and D = 12.3 nm.

  Figure E35. Characterization of sample L (a) GISAXS 2D pattern at i = 0.18 °, (b) GISAXS intensity cut of sample L along the horizontal qy direction taken around the Yoneda band.

Figure E36 .

 E36 Figure E36. Characterization of sample N (a) 500 nm × 500 nm AFM phase image, (b) GISAXS 2D pattern at i = 0.18 °, (c) GISAXS intensity cut of sample N along the horizontal qy direction taken around the Yoneda band.

Figure E37 . 207 Figure E38 .

 E37207E38 Figure E37. 2D GISAXS pattern of sample S at i = 0.18 °. The white dashed line and arrow depict the horizontal scattering profile along the qy direction and the Debye-Scherrer ring, respectively.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  Chapter 1: Tailoring Interfacial Properties Using Functional Copolymers to Enhance the Self-Assembly of Diblock Copolymers in Thin Films

	Ce chapitre détaille de manière exhaustive l	es nombreuses stratégies à
	base de	
	copolymères à blocs linéaires en films minces.	
		e
	distance est mis en parallèle avec les enjeux technologiques actuels et la nécessité de contrôler
	les énergies de surface aux interfaces sera introduite.	
	Il est décrit dans un second temps le développement pionnier des sous-couches de
	neutralisation par	-
	assemblage de PS-b-PMMA, ainsi que les nombreuses études	
	découlé	comme alternative
	topcoat induit par plasma	
	est	ségrégant à
	est décrit.	
	Enfin, une conclusion sur les nombreuses techniques développées et les futurs défis est
	donnée.	
		9

aux brosses greffées est exposé ; différents précurseurs de la réticulation sont détaillés. Enfin, des sous-couches de neutralisation de polystyrène réticulés sont également décrites.

Dans une troisième partie, l cette interface, notamment pour les copolymères hautement incompatibles, sont prése confinement du film de copolymère à blocs entre deux films minces de copolymère statistique est topcoat dont la polarité peut être modulée en fonction de la température est exposée pour des copolymères à blocs contenant du silicium. La formation Chapter 1: Tailoring Interfacial Properties Using Functional Copolymers to Enhance the Self-Assembly of Diblock Copolymers in Thin Films 10 bottom Chapter 1: Tailoring Interfacial Properties Using Functional Copolymers to Enhance the Self-Assembly of Diblock Copolymers in Thin Films 11

Table 5 .

 5 Properties of lamella-forming Si-containing BCP thin films, supported by neutral substrates (not detailed) and whose top interfaces are modified by polarity-switching topcoats to afford perpendicular microdomains.

	BCP

concepts les plus réc -assemblage des BCPs en films minces, constitue - assemblage de films minces de PS-b-MH. Ces

  

	Comme décrit dans le chapitre bibliographique, les propriétés interfaciales aux
	interfaces inférieure et supérieure de films minces de BCP sont aussi des paramètres pouvant
	fortement impacter leur auto-	
	interface peut former une couche de mouillage à cette interface et ainsi conduire à des
	microdomaines lamellaires ou cylindriques orientés parallèlement au substrat. Différentes
	stratégies	
	contrebalancer ces interactions préférentielles et promouvoir des microdomaines
	perpendiculaires au substrat.	
		ace supérieure de films minces
	de PS-b-	
	envisageables, les sous-couches de copolymères statistiques réticulées via des groupements
	azoture ont été sélectionnées pour modifier le substrat sur lequel sont déposés les films minces
	de PS-b-MH et un additif partiellement fluoré à phases préférentielles, analogue au PS-b-MH,
	a été		les
		18-22	-b-MH, 22 ainsi
		23 et la fraction volumique du bloc PS. 23,24 Il a notamment
	été démontré que l	-ondes ( SVA), combinant les avantages des travaux expérimentaux constituent les deux
	recuits thermique et sous vapeur de solvants (SVA), des films minces de PS-b-MH accélère chapitres suivants.
		-assemblage, passant de quelques heures par recuit SVA
	à quelques secondes seulement pour le recuit SVA. Des structures cylindriques parallèles et/ou Le Chapitre 2 des dérivés macromoléculaires
	nécessaires à		-
	recuit SVA en présence de différents ratios volumiques THF/eau. 17 Cependant, il a été b-MH conduisant à une morphologie cylindrique en masse.
	remarqué que la struct Dans un premier temps, la synthèse de différents copolymères statistiques composés
	uniquement de monomères styréniques ou de monomères styréniques et saccharidiques,
	structurale à la fois à la surface des films minces de PS-b-MH par microscopie à force atomique
	sous-couches réticulées pour la modification de substrats de silicium, sont détaillées. Les
	rasante (GISAXS), pour différentes conditions de recuit. Il a été montré
	-b-la synthèse des copolymères	-assemble dans un réseau BCC de cylindres parallèles ou
	de sphères sous un recuit SVA avec un ratio THF/eau 1:1 ou 1:9, respectivement. 13 compréhension structurale de ces copolymères. La caractérisation structurale des copolymères
			-b-MH, recuit par
	SVA, ont montré une transition de cylindres parallèles à des sphères en augmentant le ratio sont ensuite décrites.
	THF/eau. 18	
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  ratio up to attained conversions. The calculated molar ratios

	Absorbance (a. u.)					
	3500	3000	2500	2000	1500	1000
			(cm	-1		

Table 1 . Properties of the Cross-linkable Random Copolymers PNnAp.

 1 

	20	22	24	26	28
		Retention time (min)	
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Table E2 . Self-assembled morphology and corresponding dimensions of samples A-S.

 E2 

	sample	morphology	d-spacing (nm) center-to-center distance D (nm)
	A	HEX parallel cylinders	11.4	13.2
	B	HEX parallel cylinders	11.5	13.3
		HEX parallel cylinders with a		
	C	minor phase of HEX	10.8	/
		perpendicular ones		
		HEX parallel cylinders witha		
	D	minor phase of HEX	10.4	/
		perpendicular ones		
	E	FCO spheres	10.0	12.3
	F	BCC spheres	10.2	12.4
	G	HEX perpendicular cylinders	10.2	11.7
		HEX parallel cylinders with a		
	H	minor phase of HEX	9.9	/
		perpendicular ones		
	I	HEX perpendicular cylinders	10.6	12.3
	J	HEX perpendiclar cylinders	10.4	12.0
	K	HEX perpendicular cylinders	9.9	11.5
	L	FCO spheres	10.1	12.3
	M	HEX perpendicular cylinders	10.0	11.5
	N	FCO spheres	10.1	12.3
	O	HEX perpendicular cylinders	10.4	12.0
	P	HEX perpendicular cylinders	10.6	12 .2
		HEX parallel cylinders with a		
	Q	minor phase of HEX	10.4	/
		perpendicular ones		
	R	BCC spheres	10.1	12.4
	S	undetermined	10.4	
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