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INTRODUCTION

Over the last decade, the number of connected electronic devices is in total expansion in our daily life through the Internet of Things concept for health, environmental or industrial monitoring, transportation, wearable electronics, and smart buildings [START_REF] Lethien | Challenges and Prospects of 3D Micro-Supercapacitors for Powering the Internet of Things[END_REF][START_REF] Raj | Review-Power Sources for the Internet of Things[END_REF] . Miniaturization of these intelligent systems opens the road to the next generation of IoT devices. A pertinent example of this groundbreaking technology is the Michigan Micro-Mote (M 3 ) designed and fabricated within the research group from David Blaauw [START_REF] Chen | A Cubic-Millimeter Energy-Autonomous Wireless Intraocular Pressure Monitor[END_REF] . In a restricted volume (1.5 mm 3 ), a miniaturized energy autonomous system embeds numerous sensors, a radiofrequency front-end, a data management unit and an energy harvesting and storage micro-source. The compactness of the M 3 was possible using advanced small form factor packaging methods such as 3D System-in-Package (3D SiP) technology which integrate, vertically or horizontally on the same substrate, many electronic functions including the miniaturized energy harvesting and storage sources. Integrated in an eye to follow the evolution of a glaucoma (i.e. the variation of the intraocular pressure within the eye), the transmission distance of the radiofrequency (RF) signal from the eye to a small data center is limited to ~ 10 cm (transmission of the signal in saline media (5 mm) and air). To get such smart microsystems autonomous and to increase the transmission distance of the RF signals (several tens of meters) in the frame of the IoT concept, lithium-ion micro-batteries and / or micro-supercapacitors with limited surface footprint and high storage capacity have to be used taking into account the limited available space. Consequently, footprint surface of the micro-battery is constrained, limiting the amount of active material and thus the energy performance.

A promising way to improve the energy performance of a Li-ion micro-battery consists of designing 3D devices where the active materials are deposited by step-conformal deposition methods widely used in the semiconductor industry on high specific surface 3D scaffold. To tackle this issue, Atomic Layer Deposition technique remains the best deposition method to produce 3D Li-ion solid-state micro-batteries on large-scale wafers. Current collectors [START_REF] Musschoot | Atomic Layer Deposition of Titanium Nitride from TDMAT Precursor[END_REF][START_REF] Fang | Growth of Platinum Films by Atomic Layer Deposition ( ALD )[END_REF] (Pt, TiN), positive electrode [START_REF] Donders | Atomic Layer Deposition of LiCoO 2 Thin-Film Electrodes for All-Solid-State Li-Ion Micro-Batteries[END_REF][START_REF] Liu | Rational Design of Atomic-Layer-Deposited LiFePO4 as a High-Performance Cathode for Lithium-Ion Batteries[END_REF][START_REF] Miikkulainen | Atomic Layer Deposition of Spinel Lithium Manganese Oxide by Film-Body-Controlled Lithium Incorporation for Thin-Film Lithium-Ion Batteries[END_REF][START_REF] Sheil | Plasma Enhanced Atomic Layer Deposition of Thin Film Li 1+x Mn 2-x O 4 for Realization of All Solid-State 3D Lithium-Ion Microbatteries[END_REF][START_REF] Hallot | 3D LiMn 2 O 4 Thin Film Deposited by ALD: A Road toward High-Capacity Electrode for 3D Li-Ion Microbatteries[END_REF] (LiCoO 2 , LiFePO 4 , LiMn 2 O 4 …), solid electrolyte [START_REF] Létiche | Atomic Layer Deposition of Functional Layers for on Chip 3D Li-Ion All Solid State Microbattery[END_REF][START_REF] Wang | Atomic Layer Deposition of Lithium Phosphates as Solid-State Electrolytes for All-Solid-State Microbatteries[END_REF][START_REF] Kozen | Atomic Layer Deposition of the Solid Electrolyte LiPON[END_REF][START_REF] Nisula | Atomic Layer Deposition of Lithium Phosphorus Oxynitride[END_REF][START_REF] Kazyak | Atomic Layer Deposition of the Solid Electrolyte Garnet Li7La3Zr2O12[END_REF] (Li 3 PO 4 , LIPON, Li 7 La 3 Zr 2 O 12 …) and negative electrodes [START_REF] Létiche | Atomic Layer Deposition of Functional Layers for on Chip 3D Li-Ion All Solid State Microbattery[END_REF][START_REF] Eustache | Silicon-Microtube Scaffold Decorated with Anatase TiO2 as a Negative Electrode for a 3D Litium-Ion Microbattery[END_REF][START_REF] Moitzheim | Chlorine Doping of Amorphous TiO2 for Increased Capacity and Faster Li+-Ion Storage[END_REF][START_REF] Liu | An All-in-One Nanopore Battery Array[END_REF][START_REF] Ouendi | Synthesis of T-Nb2O5 Thin-Films Deposited by Atomic Layer Deposition for Miniaturized Electrochemical Energy Storage Devices[END_REF][START_REF] Meng | Atomic Layer Deposited Li4Ti5O12 on Nitrogen-Doped Carbon Nanotubes[END_REF] (TiO 2 , V 2 O 5 , Nb 2 O 5 , Li 4 Ti 5 O 12 …) have already been investigated as efficient thin films for all solid-state 3D Li-ion micro-battery. Among the existing functional electrodes made from ALD facility, bulk or nanostructured titanium dioxide is a promising alternative material to graphite and silicon based negative electrodes in a Li-ion battery owing to the low toxicity, low cost and safety issue. Within the numerous existing TiO 2 polymorphs, Rutile, Anatase, Brookite and TiO 2 -B were widely studied [START_REF] Wagemaker | Properties and Promises of Nanosized Insertion Materials for Li-Ion Batteries[END_REF][START_REF] Ellis | Three-Dimensional Self-Supported Metal Oxides for Advanced Energy Storage[END_REF][START_REF] Tesfaye | TiO2 Nanotube Layers Decorated with Al2O3/MoS2/Al2O3 as Anode for Li-Ion Microbatteries with Enhanced Cycling Stability[END_REF][START_REF] Wang | The Pseudocapacitive Behavior of TiO2 (Anatase) Nanoparticles[END_REF][START_REF] Gerasopoulos | Self-Assembled Ni/TiO2 Nanocomposite Anodes Synthesized via Electroless Plating and Atomic Layer Deposition on Biological Scaffolds[END_REF][START_REF] Eustache | Silicon-Microtube Scaffold Decorated with Anatase TiO2 as a Negative Electrode for a 3D Litium-Ion Microbattery[END_REF][START_REF] Bach | Investigation of Lithium Diffusion in Nano-Sized Rutile TiO2 by Impedance Spectroscopy[END_REF] . With a mean potential around 1.7 V vs Li/Li + and a maximum theoretical gravimetric capacity of 335 mAh.g -1 corresponding to the complete reduction of Ti 4+ electrode reaching more than 370 µAh.cm -2 at C/10 when cycled in liquid electrolyte.

To reach this areal capacity value, an efficient 3D scaffold based on vertically etched silicon micro-tubes (with an area enhancement factor of 53) was coated with a TiO 2 film deposited by thermal ALD [START_REF] Létiche | Atomic Layer Deposition of Functional Layers for on Chip 3D Li-Ion All Solid State Microbattery[END_REF][START_REF] Eustache | Silicon-Microtube Scaffold Decorated with Anatase TiO2 as a Negative Electrode for a 3D Litium-Ion Microbattery[END_REF] . P. Vereecken et al have shown in 2017 the deposition of "doped" amorphous TiO 2 (with Chloride species) films on silicon micropillars using spatial Atomic Layer Deposition technique (s-ALD) [START_REF] Moitzheim | Chlorine Doping of Amorphous TiO2 for Increased Capacity and Faster Li+-Ion Storage[END_REF] . The capacity of the amorphous TiO 2 electrode was close to 240 µAh.cm -2 at C/4 and 89 µAh.cm -2 at 20C but the galvanostatic discharge plot does not fit with the one expected for battery-type material (flat plateau due to biphasic transition occurring during the lithiation/delithiation process). In that case, a quasi-triangular plot is observed as expected for pseudocapacitive material or nanostructured faradic materials [START_REF] Simon | And Supercapacitors Begin ?[END_REF] leading to fast rate capability.

In similar lines, many 3D porous metallic scaffolds have been reported in the past in the context of 3D micro-supercapacitors [START_REF] Ferris | 3D RuO2 Microsupercapacitors with Remarkable Areal Energy[END_REF] and micro-batteries [START_REF] Patnaik | High Areal Capacity Porous Sn-Au Alloys with Long Cycle Life for Li-Ion Microbatteries[END_REF] 

RESULTS AND DISCUSSION

As the deposition temperature is well known to be a critical issue to reach the desired TiO 2 polymorph (anatase), the porous metallic scaffold has to be carefully selected with specific surface and temperature stability point of view: in that case, porous gold and platinum scaffolds were investigated. A first approach was made with porous gold template coated with TiO 2 films. the reduction peak to lower potential value and toward higher potential for the oxidation peak as expected for battery-type electrode. From these CV curves, we extracted the b-coefficient [START_REF] Augustyn | Pseudocapacitive Oxide Materials for High-Rate Electrochemical Energy Storage[END_REF] (fig. S2d) and confirmed that the charge storage mechanism within the TiO 2 film arises from a diffusion limited faradic process (b ~ 0.5).

Once the operating temperature of the Atomic Layer Deposition process was set to 200 °C to promote the formation of the anatase polymorph, we achieved the deposition of TiO 2 films on 3D porous gold scaffold. 90 nm-thick TiO 2 film was then deposited on 30 µm-depth 3D porous gold template. The porous gold framework had an apparent porosity of ~88% and aspect ratio, AEF (ratio between the electrochemical active surface area and the geometrical surface area) value of ~ 900 cm 2 per cm 2 . This huge area to volume ratio thus ensures more active material loading per unit area of electrode and better interfacial kinetics as explained later in the CV studies after deposition of TiO 2 films by ALD. The resulting electrodeposited film is extremely porous and this can be observed in the scanning electron microscope (SEM) images (fig. 1a), where numerous gold dendrites and nodules are extensively distributed in a cemented matrix. They are oriented in all directions, forming mechanically stable and self-supported pore walls. The morphological analysis is shown in fig. 1a before and after the TiO 2 deposition. From the SEM images, we observed that the ALD process did not significantly change the shape of the scaffold. The X-ray Diffraction analysis of the 3D electrode (3D Au / TiO 2 ) is depicted in fig. 1b where the two main peaks (at 2 = 38° and 44°) are assigned to the porous gold template with a cubic structure (PDF file = 00-004-0784), while the two smaller other peaks, at 2 = 25° and 48° were attributed to the anatase TiO 2 polymorph (PDF 00-021-1272) as expected. To check the beneficial effect issued from the 3D scaffold, two 90 nm-thick TiO 2 coatings, respectively 2D and 3D, were electrochemically tested in liquid electrolyte. The CV plots are reported in fig. 1c and both correspond to the electrochemical signature of a faradic electrode made from anatase TiO 2 . Not surprisingly, the CV curve of the 3D Au / TiO 2 electrode exhibits a much higher current intensity meaning that the amount of active materials is greatly enhanced owing to the 3D template, as compared to the planar TiO 2 electrode. From these CVs, the areal capacities of the planar and 3D Au / TiO 2 electrodes were extracted and plotted vs the sweep rates (fig. 1d). While the planar electrode showed a surface capacity close to ~ 5 µAh.cm -2 at 0.1 mV.s -1 , the capacity of the 3D electrode reaches ~ 75 µAh.cm -2 at the same scan rate. As the sweep rates increases, the gap between the areal capacities of the planar and 3D electrodes progressively decreases due to the kinetic limitations of the lithium ions occurring within the TiO 2 film at high scan rate (diffusion-limited faradic process). The benefit from the 3D porous gold scaffold was then demonstrated but the enhancement of the surface capacity (~ x 15) did not correspond to the expected area enhancement factor of the 3D scaffold (AEF value = 900 cm 2 per cm 2 ) meaning that the ALD process at 200 °C probably modified the behaviour of the 3D template. Indeed, we can infer that most of the porosity was not easily accessible by the ions coming from the electrolyte after the deposition process of the TiO 2 film at 200 °C reducing the AEF of the 3D scaffold. Consequently, we chose to move from porous gold metallic scaffold to the formation of platinum-based 3D template owing to the higher mechanical stability of porous Pt/Cu vs gold scaffolds. The relatively lower stability of porous Au matrix can be explained based on the very high surface diffusion coefficient of Au atoms (resulting in large number of defects, especially under the harsh deposition conditions) and high driving force to reduce its surface energy leading to coarsening of the dendritic structure, especially at high temperatures [START_REF] Snyder | Stabilized Nanoporous Metals by Dealloying Ternary Alloy Precursors[END_REF][START_REF] Cherevko | Nanoporous Pt@Au XCu 100-x by Hydrogen Evolution Assisted Electrodeposition of Au XCu 100-x and Galvanic Replacement of Cu with Pt: Electrocatalytic Properties[END_REF] .

On the other hand, for Pt/Cu, Pt has much lower surface diffusion than Au while Cu V vs Li/Li + characteristic of a biphasic transition occurring during the intercalation mechanism of the lithium ions in the anatase TiO 2 structure. On one hand, the planar TiO 2 electrode (150 nm-thick) delivers a surface capacity close to ~ 5.8 µAh.cm -2 at C/12 (fig. 3a). On the other hand, the 3D TiO 2 electrode exhibit a very high surface capacity value close to 1600 µAh.cm -2 . A plateau at 1.8V vs Li / Li+ was also observed in the discharge plot of the 3D electrode (fig. 3b). To discuss about the obtained performance, the following explanation is proposed. The bulk density of the TiO 2 anatase is 3.8 g cm -3 . If we consider the high density of the films deposited by ALD (~ 90 % of the theoretical one), the bulk density of TiO 2 films deposited by ALD method is about 3.4 g cm -3 . The thickness of the TiO 2 films (deposited on planar or 3D scaffold) is close to 150 nm thus leading to a low mass loading for the planar sample (~ 0.051 mg cm -2 ). The theoretical gravimetric capacity of the bulk anatase TiO 2 is ~ 336 mAh g -1 for 1 Li + intercalation. Unfortunately, this capacity is usually limited to 174 mAh g -1 with ~ 0.5 Li + intercalation in TiO 2 except for nanometer-thick particles where nanosized effect 21 occurs thus leading to higher Li + per TiO 2 .

Regarding the mass loading of the 150 nm-thick TiO 2 film (0.051 mg cm -2 ), the expected areal capacity is thus 8.9 µAh cm -2 . Subsequently, the surface capacity value measured at C/12 on the 150 nm planar electrode (~ 5.8 µAh cm -2 , figure 3a) corresponds to 113 mAh g -1 , i.e. 0.34 Li + per TiO 2 . ALD method is one the best deposition technique suitable to perform the conformal deposition of thin films in range of 1 -200 nm thickness. Consequently, no evolution of the film thickness would be expected if the deposition is carried out on planar substrate or 3D complex scaffold meaning that the conformality is close to 100 %. In our case, the thickness of the TiO 2 layer deposited on 3D porous Pt template was evaluated close to 150 nm.

As the surface capacity value of the 3D TiO 2 was measured to be close to 1600 µAh cm -2 , we clearly attribute the significant enhancement of the performance by the large specific surface of the 3D template associated to the conformal shape of thin films materials deposited by ALD.

In that case, the significant enhancement of the surface capacity value was demonstrated validating the selected strategy. Indeed, moving from gold to porous Finally, the reached performance were benchmarked regarding state-of-the-art 3D electrodes reported in the literature (fig. 3e). In that respect, we plot the evolution of the surface capacity (in mAh.cm -2 ) vs the thickness of active material. The nanoarchitectured templates based on Ni nanowires [START_REF] Wang | Three-Dimensional Ni/TiO 2 Nanowire Network for High Areal Capacity Lithium Ion Microbattery Applications[END_REF] and Al nanorods [START_REF] Cheah | Nanoelectrodes for Microbattery Applications[END_REF] The normalized capacitance value of the 3D electrode was close to 200 µAh.cm -

2

.µm -1 . Regarding the thickness of the TiO 2 layer (40 nm), the areal capacity was approximately 8 µAh.cm -2 . This "low capacity" value was attributed to the low area enhancement factor of the 3D template. This micro-architectured approach based on Si micropillars was improved by the group of P. Vereecken where TiO 2 films made by ALD technique were deposited on such 3D scaffold. In 2017, the deposition of "doped" amorphous TiO 2 (100 nm-thick) films on silicon micro-pillars using spatial-ALD [START_REF] Moitzheim | Chlorine Doping of Amorphous TiO2 for Increased Capacity and Faster Li+-Ion Storage[END_REF] was reported. Similar results were proposed in 2019 when compared thermal ALD and s-ALD [START_REF] Moitzheim | Toward 3D Thin-Film Batteries: Optimal Current-Collector Design and Scalable Fabrication of TiO2 Thin-Film Electrodes[END_REF] . The capacity of the amorphous TiO 2 electrode was close to 240 µAh.cm -2 at C/4. In our group, we recently shown the fabrication of 155 nm-thick 3D TiO 2 electrode reaching more than 370 Ah.cm -2 at C/10. To reach this high areal capacity value, an original, robust, and highly efficient 3D scaffold based on vertically etched silicon micro-tubes (with an area enhancement factor of 53) was coated with a TiO 2 film (155 nm-thick) deposited by thermal ALD [START_REF] Létiche | Atomic Layer Deposition of Functional Layers for on Chip 3D Li-Ion All Solid State Microbattery[END_REF][START_REF] Eustache | Silicon-Microtube Scaffold Decorated with Anatase TiO2 as a Negative Electrode for a 3D Litium-Ion Microbattery[END_REF] high performance Li-ion micro-battery [START_REF] Létiche | Atomic Layer Deposition of Functional Layers for on Chip 3D Li-Ion All Solid State Microbattery[END_REF][START_REF] Eustache | Silicon-Microtube Scaffold Decorated with Anatase TiO2 as a Negative Electrode for a 3D Litium-Ion Microbattery[END_REF][START_REF] Moitzheim | Chlorine Doping of Amorphous TiO2 for Increased Capacity and Faster Li+-Ion Storage[END_REF][START_REF] Xie | High Power and High Capacity 3D-Structured TiO 2 Electrodes for Lithium-Ion Microbatteries[END_REF][START_REF] Moitzheim | Toward 3D Thin-Film Batteries: Optimal Current-Collector Design and Scalable Fabrication of TiO2 Thin-Film Electrodes[END_REF]43,44 .
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  fig.3a-b. From the discharge plot of the planar sample, we observe a plateau at 1.8

  metallic scaffold allows maximising the capacity value based on an efficient template decorated with TiO 2 film deposited by ALD. The capacity retention of the planar and the 3D TiO 2 electrodes were also evaluated at C/12 during 100 cycles, and results are summarized in fig. 3c. The coulombic efficiency (CE) of 3D TiO 2 electrodes is plotted in fig. 3d and we observe that the CE stayed close to 100 % during 100 cycles. The GCD plot at the 50 th cycle is shown (in the inset -fig. 3d) to clearly highlight the stability performance of the 3D electrode.

  were proposed ten years ago as efficient scaffold to improve the surface capacity of a TiO 2 film made by ALD. The spacing between two nanostructures (nanowire or nanorod) were kept low (~ 20 nm) and consequently, the thicknesses of active materials were limited by the spacing parameter. The surface capacity values of such 3D electrodes were approximately 10 and 160 µAh.cm -2 at C/10 for the Al nanorods and Ni nanowires respectively. In 2016, P. Notten et al. has reported the use of silicon micro-pillars technology coated with a TiN current collector (made by ALD) and a 40 nm-thick TiO 2 film deposited by low pressure chemical vapour deposition technique (LP CVD) 39 .
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  to Ti 3+ (x Li

+ = 1 mol Li + per TiO 2 molecule), titanium dioxide is a favorable electrode. Promising lithium insertion / extraction in TiO 2 -(B) (x Li + =1) as well as TiO 2 anatase 21 polymorphs have already been reported at room temperature (x Li + ~ 0.6) 21 . We have recently shown the fabrication of 155 nm-thick 3D TiO 2

  From electrochemical point of view, the CV plots reported in fig.S2cat different sweep rates confirmed the intercalation / de-intercalation of the lithium ions in the anatase TiO 2 polymorph where two redox peaks are identified at ~ 1.7 V vs and 2.1 V Li/Li + . Regarding the increasing of the sweep rate, we observed a shift of

	and structural analyses confirmed the formation of anatase polymorph. The
	To study the temperature stability of the gold
	porous scaffold, thermal Atomic Layer Deposition of conformal TiO 2 films was
	achieved between 150 and 300 °C (fig. S1). The diffractograms of five samples
	deposited on planar Si / Pt substrate are shown in fig. S1a. The thickness of the five
	samples was close to ~ 100 nm. At 150 °C, the TiO 2 film seemed to be amorphous
	(or with so small crystallite size giving rise to the same XRD signature) as we did not
	observe any Bragg peaks coming from a TiO 2 phase and only two diffraction peaks
	(2 = 40° and 46.5°) revealing the cubic phase of platinum layers (PDF 00-004-
	0802). From 175 up to 250 °C, the formation of the anatase polymorph (PDF 00-021-
	1272) was highlighted through the progressive increasing of the intensity of the
	Bragg peaks (~ 2 = 25.5°, 37°, 38°, 38.5° and 48°). The Cyclic Voltammetry curves
	are reported in fig. S1b at 0.1 mV.s -1 in 1M LiClO 4 EC / DMC electrolyte. As
	expected from the preliminary XRD study, the CV plot of the sample deposited at 150
	°C exhibits no redox peaks and an electrochemical signature corresponding to the
	one of an amorphous compound. The CV curves of the planar TiO 2 samples
	deposited at substrate temperature ranging from 175 up to 300 °C exhibit two redox
	peaks at 1.7 and 2.2 V vs Li/Li + characteristic of the anatase TiO 2 polymorph 21 .
	Finally, the CV plot of the sample deposited at 300 °C shows a lower intensity than
	the sample deposited at 200 °C. From this preliminary combined XRD / CV study, we
	chose to set the deposition temperature close to 200 °C where the electrochemical

morphological, structural and electrochemical analyses of 90 nm-thick TiO 2 film deposited at 200 °C on planar Si / Pt substrate are depicted in fig.

S2a-d

. While the SEM cross section image confirmed the dense nature of the 90 nm-thick TiO 2 film deposited by ALD (fig.

S2a

), the anatase polymorph was identified by XRD analysis (fig.

S2b

).

Atomic Layer Deposition (ALD) of TiO 2 films. The

  . The results obtained in the frame of this study are implemented in this graph. With 150 nm-thick TiO 2 film deposited on porous platinum-based scaffold, the surface capacity value of the 3D electrode (~ 1.6 mAh.cm -2 ) reaches a 10 times higher surface capacity value as compared to reported literature. More specifically, regarding the results obtained by the authors, this surface capacity value is 4.3 fold higher than the value reported 11 in 2017 by our group and 16 times higher than the capacity value reported by the group of P. Vereecken 40 in 2019. This is the highest capacity value reported up to now with such low amount of active material. When combined with a suitable positive electrode material[START_REF] Donders | Atomic Layer Deposition of LiCoO 2 Thin-Film Electrodes for All-Solid-State Li-Ion Micro-Batteries[END_REF][START_REF] Hallot | 3D LiMn 2 O 4 Thin Film Deposited by ALD: A Road toward High-Capacity Electrode for 3D Li-Ion Microbatteries[END_REF] (LiMn 2 O 4 , LiCoO 2 ), such 3D TiO 2-based negative electrode could deliver high energy density values, opening the way to high performance Li-ion microbatteries for efficiently powering miniaturized electronics devices. TiO 2 films were deposited by ALD on a planar substrate composed of stacked Al 2 O 3 / Pt layers on a silicon wafer as already reported by our group in previous publications[START_REF] Létiche | Atomic Layer Deposition of Functional Layers for on Chip 3D Li-Ion All Solid State Microbattery[END_REF][START_REF] Hallot | Sputtered LiMn1.5Ni0.5O4 Thin Films for Li-Ion Micro-Batteries with High Energy and Rate Capabilities[END_REF][START_REF] Létiche | Tuning the Cation Ordering with the Deposition Pressure in Sputtered LiMn1.5Ni0.5O4 Thin Film Deposited on Functional Current Collectors for Li-Ion Microbattery Applications[END_REF][START_REF] Arico | Fast Electrochemical Storage Process in Sputtered Nb2O5 Porous Thin Films[END_REF] . The TiO 2 films (90The TiO 2 canister was not heated as it operates at high vapor pressure. The substrate holder temperature was varied between 150 and 300 °C in order to study the polymorphism of the TiO 2 films. The deposition reaction was achieved in four steps, each precursor being introduced separately, with a nitrogen purge of 300 sccm between two cycles. The growth rate of the TiO 2 anatase polymorph was 0.8 Å per ALD cycle at 200 °C. The tested area (circular shape) of the sample was limited to 0.4 cm 2 . The flat cells under test were placed in a glove box with controlled atmosphere (O 2 and H 2 O quantities: less than 1 ppm).

	CONCLUSION METHODS 2. TiCl 3-ads + H 2 O → TiO 2 + HCl (g)
	We demonstrate porous metallic scaffold decorated with TiO 2 thin film deposited by Fabrication of the 3D Porous Au and Pt scaffolds. For 3D porous Au, a Ti (100
	ALD as an attractive solution for designing 3D electrodes with ultra-high capacity nm) / Au (300 nm) thin film was deposited by evaporation on an oxidized silicon
	values. In that respect, we show that porous gold scaffolds do not support the substrate and electrochemically pretreated by cycling the potential at a scan rate of
	deposition temperature of the ALD process (200 °C) with areal capacity below 100 100 mV.s -1 between -0.3 and +1.7 V versus saturated calomel electrode (SCE) in 1
	µAh.cm -2 . Moving from gold to platinum porous-scaffold helps to tackle the M H 2 SO 4 until a stable voltammogram was obtained. Porous metallic current
	temperature issue. The surface capacity of such 3D porous Pt / TiO 2 electrode collectors were prepared using the DHBT technique from an optimized solution of 2 x
	reaches 1600 µAh.cm -2 at C/12, validating our strategy for designing efficient thin film 10 -3 M of HAuCl 4 .3H 2 O in 3 M H 2 SO 4 by applying 5 A.cm -2 for 20 min in a 3-electrode Morphological and chemical analyses of TiO 2 films. For 3D films, thicknesses and
	electrodes for 3D Li-ion micro-batteries. configuration. For 3D porous Pt/Cu, A Ti (50 nm) / Pt (200 nm) thin film was EDX analyses were evaluated by Scanning Electron Microscopy technique (Zeiss
	deposited by evaporation on an oxidized silicon substrate and used as working Ultra 55 Scanning Electron Microscope). Structural properties were examined by X-
	electrode, saturated calomel electrode (SCE) as reference electrode and a Pt mesh ray diffraction using a Rigaku Smarlab diffractometer in Bragg-Brentano mode
	as counter electrode followed by two CV cycles between -0.6 to +1.2 vs. SCE to employing Cu Kα-radiation (λ = 1.5418 Å). An offset of 2° was applied on the silicon
	facilitate better nucleation. Porous metallic current collectors were then prepared substrate to avoid the high intensity of the (100) silicon peak. TEM measurements
	using a similar DHBT technique from an optimized solution of 30 mM H 2 PtCl 6 and were conducted on a S/TEM FEI TITAN Themis 300 equipped with a probe corrector
	15mM CuSO 4 .5H 2 O in 1 M H 2 SO 4 by applying 6.5 A.cm -2 for 10 min in a 3-electrode for a resolution of 0.6 Å in STEM mode, an electron monochromator for an energy
	configuration. Cu was further de-alloyed electrochemically though cyclic voltammetry resolution of 140 meV, and a Super-X quad EDS detector for elemental analysis. The
	in 0.5M H 2 SO 4 between -0.38 to +1.2 V vs SCE for 50 cycles at 10 mV.s -1 . microscope has several annual detectors for imaging, and a post-column GATAN
	Quantum ERS/966 GIF operating a dual EELS mode.
	Electrochemical characterizations. Cyclic voltammetry (CV) and Galvanostatic
	Charge and Discharge Plots were investigated on a VMP3 potentiostat/galvanostat
	and 150 nm-thick) were deposited by atomic layer deposition method from a TFS200 equipment using a homemade Teflon like flat-cell with Li metal used as the counter
	Beneq ALD reactor; this technique ensures a conformal deposit on the 3D scaffold. and reference electrode. The electrolyte (1 mL), comprising 1 M LiClO 4 , dissolved in
	The precursors for the TiO 2 ALD were TiCl 4 and H 2 O. The TiO 2 ALD reactions are ethylene carbonate (EC) and diethylene carbonate (DEC) in a 1:1 ratio, was poured
	supposed to be : into the flat-cell cavity.
	1. TiCl 4 adsorption with some HCl release
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