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Abstract: A modified open-air spatial atomic layer deposition (SALD) head is employed to fabricate 

complex oxide patterns on various substrates. The co-reactant being kept in the surrounding 

atmosphere, a simple injection head that consists of three concentric nozzles with only one precursor 

outlet has been designed. Easy and reversible modification in the diameter of the metal precursor outlet 

permits direct patterning with different lateral sizes. Maskless deposition of uniform and homogenous 

TiO2 and ZrO2 thin films is successfully demonstrated with a lateral resolution tuned from millimeters to 

hundred micrometers range while keeping a film thickness in the range of a few to hundreds of 

nanometers with a control at the nanoscale. This localized SALD approach, named LOCALD, also enables 

layer stacking and deposition on structured substrates. 

Keywords: Spatial atomic layer deposition, patterning, thin film, functional materials, area selective 

deposition, open-air 

Nowadays, interest in nanotechnologies is strongly expanded in many domains like nanoelectronics, 

energy, transportation, medicine and environment. Precise designs of micro- and nanostructures are 

sought after for many devices and applications such as thin films transistors, diodes, electrocatalysts, 

solar cells, sensors or membranes. Additive and subtractive technologies are thus areas of extensive 

research. In particular, additive approaches permit controlled stacking of layers made of different 

materials. Direct write techniques as ink-based,1–4 laser transfer,5,6 thermal spray7 and beam 

depositions8–14 have been widely investigated these last decades. However, they display limitations 

either in thickness of the deposited material, in lateral resolution or structuring scale. While combining 

control of at least one dimension at the nanometer level with large scale patterning is challenging in the 

direct write approach, lithography is a well-established technique for nanopatterning15–17 that permits 

high resolution even down to a few of tens nanometer pitch18 even over a large surface. However, based 

on multi-steps including etching, it is time and cost-consuming and may damage sensitive material.  

Regarding the latter concerns, atomic layer deposition (ALD) appears well-suited as it is a technique to 

fabricate (ultra) thin film at low temperature with a thickness controlled at the angstrom level. Based on 

sequential exposure of the substrate to different precursors reacting with the surface in a self-limited 

manner,19 it has already proven to be a technique of choice for microelectronics applications20 and for 

fabricating complex nano-/hetero-structures.21,22 Due to its high conformability and accuracy, it has been 

implemented to nanopatterning, in particular for spacer deposition in multiple patterning, using 

conventional lithography and lift-off techniques.23 ALD being based on sequential self-saturated surface 

reactions, area-selective deposition (ASD) has also been developed using either activation or 
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deactivation of the surface to favor or inhibit the growth on specific areas. Advantageous self-alignment 

of the growth is observed, nonetheless, local chemical modification of the surface meaning pre-

patterning of the substrate is still required prior to ALD.24 One of the main challenges is then the 

fabrication of directly patterned thin films with a precise thickness and lateral dimensions as well as 

controlled location on the desired substrate, with suitable production speed and gentle conditions like 

low temperature and atmospheric pressure. In this regard, open-air, high throughput and/or in-line 

techniques are sought after. Patented in 1977 and 1983 by Suntola25,26 and relying on the same principle 

as ALD, spatial atomic layer deposition (SALD) has attracted a lot of interest since the last decade as it 

might increase the production speed, be roll-to-roll compatible and also even performed in atmospheric 

pressure.27–29 Indeed, while conventional ALD, also called temporal ALD, involves the separation of the 

precursors in time using successive reactant pulse and purge steps, SALD relies on spatial separation of 

the reactants. The precursors are continuously delivered in different locations, separated by 

inert/exhaust areas that prevent the gas reactions. By moving the substrate from an area to another, an 

ALD cycle (exposition to precursor A, purge, exposition to precursor B, purge) is reproduced.30 Different 

types of reactors have been reported.30–32 They can be operated either under vacuum33–35 or at 

atmospheric pressure36,37 and can involve either translation or rotation displacement. In particular, Levy 

et al.38,39 developed a reactor geometry based on a close-proximity head that presents the advantage to 

be operated in open-air.29,40 To avoid precursors intermixing, typically a space of 50-200 µm between the 

head and the substrate is fixed,28,41 leading to the formation of gas-bearing instead of a gas shield.30 Thus 

a short distance between the different precursor zones can be set allowing a smaller design of open-air 

reactors than “conventional” ones. Operating in open-air permits also to get rid of vacuum and/or purge 

step during sample loading, which is advantageous for roll-to-roll process integration.36,40 Plasma 

activation has also been implemented in reactors.42,43 SALD technique demonstrates strong potential as 

in photovoltaic31,40,44–47 and microelectronic domains.30,48 It also allows fabricating patterned thin film 

devices either by lithography approach or when combined with ASD.49 For instance, polymer patterns 

deposited using inkjet printing with a maximum lateral resolution of 70-90 µm are used as inhibitors for 

the subsequent SALD of thin film transistors.31,49–51  

Unlike temporal ALD, direct patterning can also be achieved by this technique as has already been 

reported a few times.42,52–54 Plasma-enhanced SALD enables direct deposition of thin film patterns by 

localization of the plasma on specific areas, with no growth being observed without plasma exposure. 

For instance, Al2O3 circular patterns with millimeter lateral resolution have been demonstrated using 

switched localized atmospheric pressure plasma source.42 Complex TiO2 shapes have also been 

successfully deposited from N2/O2 microplasma printer.52 In 2019, Masse de la Huerta et al.54 

demonstrated that controlled reactant intermixing in open-air close-proximity SALD can be used to 

perform localized deposition of stripes by careful tuning of the substrate-head gap. Later on, the same 

group developed customized close-proximity SALD heads, which are fabricated by additive 

manufacturing, and in particular a cylindrical head consisting of concentric gas outlets. Direct printing of 

complex patterns with a lateral resolution of several millimeters is successfully demonstrated using this 

so-called SALD pen.53 Nonetheless exchanging the head appears necessary to access different ranges of 

lateral resolution. It should be mentioned that ATLANT3DTM nanosystem company also reports direct 

patterning with a similar approach.  
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Direct conformal film patterning with a thickness control at the nanometer level and lateral resolution at 

micrometer even millimeter range will certainly permit heterogeneous integration of different materials 

with miscellaneous functions as optoelectronics and piezoelectricity. Combining patterns with 

complementary properties paves the way to applications such as power electronics, microfluidic, 

advanced optics (microlenses) or gas sensing. 

In the present work, a simple versatile miniaturized open-air SALD head that consists of three concentric 

nozzles (Figure 1) has been designed for maskless localized deposition of TiO2 and ZrO2 thin film patterns 

with z resolution at the nanoscale. The SALD injection head consists of a triaxial nozzle with an outlet for 

a single precursor (Figure 1). The surrounding atmosphere is employed as a co-reactant, i.e. water from 

relative humidity in this work. The impact of atmospheric water on Al2O3 growth using SALD web coating 

reactor has been previously reported.55 Based on the ALD principle, deposits of tens to hundreds of 

nanometers are reported here. Lateral resolution can be controlled in the range of millimeters to 

micrometers by reversibly inserting a glass capillary into the central outlet to tune its diameter. SALD 

characteristics and influence of the SALD parameters are studied. Deposition on various planar and 

structured substrates is also investigated. Complex and multilayer oxide patterns are successfully 

deposited using the proposed approach. 

 

Figure 1. Scheme of the open-air spatial ALD reactor, called LOCALD. Its principle that permits direct local 

deposition is depicted in the case of TiO2. The cyan arrow depicts the movement of the substrate, responsible for 

the different precursor exposures. 

Results and discussion 

Titanium (TiO2) and zirconium oxides (ZrO2) are successfully deposited at 150 °C in a controlled manner 

using a homemade open-air close-proximity SALD system, which permits using a simple small injection 

head made of a triaxial nozzle and the surrounding atmosphere as co-reactant. Saturated growth, at 150 
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°C, is obtained with optimized N2 carrier- and N2 purging/protective-gas fluxes (Figure S1 in Supporting 

information, SI). The substrate-head distance (TiO2: 300 µm – ZrO2: 150 µm), the exhaust speed (800 

sccm) and substrate velocity (20 mm.s-1) are kept constant. To ensure effective separation between the 

metallic precursor and the surrounding atmosphere, fluxes of N2 purging/protective gas and N2 carrier 

gas are set at 75 sccm (15 sccm) and 25 sccm (15-25 sccm), respectively, for TiO2 (ZrO2) deposition. No 

growth is observed in static mode, i.e. without substrate displacement. Linear dependence of the film 

thickness on the number of cycles is also evidenced in Figure 2. The determined growths per cycle (GPC) 

are 0.75 Å/cycle and 2.1 Å/cycle for TiO2 and ZrO2, respectively. These values are consistent with a self-

limiting process and close to reported ones in the literature for TiO2
56–58 and ZrO2

59–61 temporal ALD. A 

GPC of 0.35 Å/cycle has been previously observed at 120°C using TiO2 SALD on polyethylene 

naphtalate.43 Regarding ZrO2, any process using Zirconium tert-butoxide and water has been reported so 

far to our knowledge.  

The thickness of the deposit from a few to hundreds of nanometers is thus simply controlled by the 

number of SALD cycles with accuracy at the nanoscale. For instance, 150 SALD cycles lead to a 10.2 ± 0.6 

nm thick TiO2 film. In the following for ease of characterization, a minimum thickness of 20 nm will be 

targeted.  
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Figure 2. Thicknesses of a) TiO2 and b) ZrO2 lines on Si wafer as a function of the number of SALD cycles. Dotted 

lines correspond to the linear fits. Their slop corresponds to the GPC.  

Characteristics of the injection head used allow miniaturizing and localizing the deposit without any pre-

treatment of the substrate. TiO2 and ZrO2 are then successfully deposited on various supports such as Si 

wafer, titanium, aluminium and copper foils, TA6V alloy, glass slides and sapphire, in a controlled 

manner in terms of thickness, shape, dimensions and positioning. Figure 3 displays different TiO2 and 

ZrO2 patterns achieved with a lateral resolution in the millimeter range. The latter is restricted by the 

diameter of the precursor outlet. Good thickness homogeneity is observed along the pattern as verified 

by ellipsometry (Figure 3f). One should notice that the thickness at the line extremities is half than that 

of the deposit, in agreement with a controlled process without air/metal precursor mixing. Indeed, both 

ends undergo half of the performed cycles. At the opposite, crossings are thicker as expected (Figure 3).  
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Figure 3. Photographs of TiO2 patterns deposited on a) Si wafer, b) aluminum alloy and c) glass slide after 600, 500 

and 800 SALD cycles, respectively. Photographs of ZrO2 locally deposited on 2” Si wafers with different patterns: d) 

circles (400 and 300 cycles), e) grid (1000 cycles) and f) its corresponding thickness map realized by ellipsometry. 

One measurement is recorded from each section of the grid. No measurement was recorded between lines and at 

their extremities. 

At the chosen deposition temperature, TiO2 and ZrO2 are amorphous and smooth (Figure S2). In Figure 

4a, the energy-dispersive X-ray spectroscopy (EDS) profile recorded at 6 kV evidences the deposit. While 

no contrast between the metal oxide and the substrate is visible in secondary electron SEM image due to 

the thinness of the film and the voltage used (15 kV, 6 kV), the ZrO2 line appears in bright contrast in 

backscattering electron (BSE) SEM imaging (Figure 4a). Smooth lateral edges are noted for ZrO2 (Figure 

4a) in contrast with TiO2 that displays a sharp EDS profile (Figure S3). The accurate localization of 

Titanium oxide is confirmed by X-ray photoelectron spectroscopy (XPS) linescans (Figure 4b). No Ti 

element is detected outside the deposit. Using triaxial nozzle with an outlet for a single precursor as 

injection head, a process of localized atomic layer deposition, called LOCALD, is thus demonstrated. 

Lateral resolution in the millimeter range is endorsed. Less than 2 mm resolution is established for ZrO2 

(Figure 4a) while ~2.7 mm is determined for TiO2 localized SALD (Figure 4b). The difference in lateral 

resolution and in form factor is related to the deposition parameters that are established depending on 

the metal source.53 The chosen deposition parameters like exhaust speed and substrate-head distance 

play a crucial role as they directly impact the distribution of the precursor flux on the surface and the 

eventual precursor intermixing.54,62,63 It should be mentioned that precursor gas separation here might 

be not always optimal due to slight head tilt. 
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Figure 4. a) BSE SEM image of ZrO2 line on Si and its corresponding EDS line profile. The ZrO2 thickness is 54 nm. b) 

XPS linescans recorded along the width of 24 nm thick TiO2 deposit on Si wafer. 

Limited by the diameter of the precursor outlet, the lateral size of the deposit is between the inner 

diameter of the precursor outlet and the one of the exhaust. Controlling the dimension of the reactant 

outlet, thanks to an easily tunable head, and the deposition parameters permits adjusting the lateral 

resolution in a reversible manner. As proof of concept, an elongated glass capillary with a diameter of 

about 450 µm is fixed inside the inner needle to reduce its size (Figure 5). A sub-millimeter resolution 

(from 900 µm down to 500 µm) is then obtained as evidenced in Figure 5. Resolved TiO2 grids with 1 mm 

pitch are successfully fabricated. The proposed LOCALD approach is highly promising to achieve patterns 

with tunable resolution down to sub-millimeter and even to micrometer range, by simple and reversible 

modification of the precursor outlet. It should be mentioned that the spatial resolution obtained here is 

greater than that previously reported using micro-plasma printer52 and SALD pen.53 

 

Figure 5. a-b) Scheme of the triaxial nozzle and examples of c) ZrO2 grid and d) TiO2 grid and text patterns on 2” Si 

wafers obtained as a function of the inner diameter. Distance between two neighboring and parallel lines of the c) 

ZrO2 and d) TiO2 grid is 5 mm and 1 mm, respectively. b) Introducing glass capillary permits to reduce and tune the 
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inner needle diameter and thus the lateral resolution. After needle modification, d) photographs of TiO2 patterns 

on 2” Si wafers reveal a lateral resolution of hundreds µm.  

A multi-oxide pattern can also be achieved using this set-up, demonstrating its versatility. As an example, 

two lines of ZrO2 perpendicular to ones of TiO2 are efficiently realized (Figure 6). Stack of both oxides is 

obtained at the crossing point as shown by the EDS spectrum (Figure 6b), recorded from a full BSE SEM 

image of the intersection. The presence of both Ti and Zr elements is confirmed; the observed Si and Sn 

elements arise from the substrate. The corresponding EDS maps (Figure 6c, S4) evidence the distribution 

in line of Zr and Ti. It should be mentioned here that the scanned area does not include the full width of 

the TiO2 line. 

 

Figure 6. a) Photograph of ZrO2-TiO2 patterns deposited on Si wafer, b) EDS spectrum recorded from the 

intersection of both oxide lines, highlighted with the dotted white square in a). c) Corresponding BSE SEM image, 

green and orange dotted lines point at the position of ZrO2 and TiO2 lines, respectively. Only part of the titania line 

is visible on the image. In the inset, the corresponding EDS map, recorded at 15 kV, confirms the horizontal 

distribution of Zr element. 

Various patterns with accurate control of the composition, thickness, size and localization are 

successfully achieved on flat substrates with tunable spatial resolution. However, conformal and uniform 

coating on high aspect ratio supports might be challenging using SALD29,35,40,64 especially at atmospheric 

pressure, due to precursor supply and diffusion.64,65 To study the conformability of the LOCALD 

technique, deposition on micro- and nano-textured supports, like patterned substrates (Figure S5) and 

nanostructures, is then investigated. Uniform and highly conformal TiO2 and ZrO2 LOCALD layers are 

successfully formed on SiO2-Si patterned substrate. As visible in Figure 7a, ZrO2 that appears in bright 

contrast follows perfectly the step topography of the support. Conformal TiO2 coating is also identified 

on 1 µm diameter-polymer fibers electrospun on Si wafer (Figure S6). These results confirm the 

possibility to homogenously coat non-planar surfaces using the LOCALD approach, in agreement with 

previous SALD works on comparable structured substrates.31,37,66,67 In particular, Muñoz-Rojas’ group 

reported conformal deposition of ZnO and Al doped-ZnO on, respectively, textured Si66 and ZnO 

nanowires deposited on Si wafer68,69 using an open-air atmospheric pressure SALD reactor. Nevertheless, 

LOCALD on higher aspect ratio substrates such as black silicon reveals less homogeneity in depth with 

poor step coverage. SEM and EDS characterizations (Figure 7 and S7) show that SALD is effective only on 

the first part of the 40 µm long pillars. A dense oxide film visible in bright contrast (Figure 7b) is formed 

along the first top 800 nm - 1 µm as shown in side view SEM images (Figures 7c, d and S7). EDS Ti profile 

(Figure S7a) and Zr map (inset in Figure 7d) confirm the limited penetration into the black silicon 
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structure. Presumably using a longer exposure time could improve the diffusion depth of the 

precursor.34,35 Therefore different substrate velocities are studied to modulate the exposure time; 

decreasing the speed resulting in longer precursor exposure time. In the range from 10 to 60 mm.s-1 no 

noticeable change in step coverage is observed. The low conformability could be attributed to 

insufficient precursor partial pressure and/or precursor supply.28,65 Nonetheless, selective coverage of 

the top part of the structure could be advantageous as the main edges of the structure are preserved. It 

consists of a kind topological area selective deposition,70 as observed with electron-enhanced ALD.71,72 A 

second order of control seems thus accessible in this case, despite no further investigations are 

presented here as it is out of the scope of the present work. 

 

Figure 7. SEM images of a-e) ZrO2 and f) TiO2 lines deposited on three different micro- and nano-architectured 

substrates. a) SEM micrograph recorded on the edge of fractured SiO2-Si patterned substrate after 400 SALD cycles 

reveals the conformal ZrO2 coating (in bright contrast). The patterned 736 nm SiO2-Si substrate (see guide lines) 

displays steps around 3 µm high. b) Top and c, d) side views of ZrO2-coated black Si after 400 SALD cycles with 
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velocity of 20 mm.s
-1

 and 10 mm.s
-1

, respectively. The deposition, visible in bright contrast, occurs on the top 800 

nm-1
st

 micrometer of the structure. Inset in d) Zr elemental EDS mapping confirms the coating on the first part only 

of the black Si support. Note: due to the sample fracture, Zr signal collected from the bottom may arise from both 

noise and small cutting fragments, on the edge. e) SEM image of PAN fibers after ZrO2 SALD shows particles around 

the fibers, in addition to the continuous layer evidenced in Figure S7. On the opposite, f) SEM image recorded from 

TiO2 coated PAN fibers reveals homogeneous deposition around the polymer. EDS spectrum, in the inset, confirms 

the presence of Ti element. White arrows point at cracks in the coating that are attributed to sample manipulation. 

TiO2 coating on unwoven polyacrylonitrile (PAN) fibers reveals to be smooth, continuous and uniform 

along the fibers (Figure 7f), although limited penetration depth into the core mat is noted. As for black 

silicon, the metal precursor does not diffuse through the entire mat thickness; no deposit is observed on 

the back of the fibrous support. Atmospheric pressure SALD on textile is challenging and requires specific 

design indeed.73 Regarding LOCALD of ZrO2 pattern on PAN textile, particles are formed on the upper 

fibers in addition to continuous layer, as evidenced in Figure 7f and Figure S7. It can be attributed to 

unwanted gas-phase reaction. As the mat surface is wavy, the distance between the support and the 

injection head is not constant over the displacement length. Such gap variation can be responsible for 

the CVD phenomenon. The latter is not observed in the case of TiO2 deposition due to higher nitrogen 

fluxes that are used compared to the one of ZrO2 deposition, preventing Ti precursor/air mixing. 

Conclusions 

In summary, maskless deposition of TiO2 and ZrO2 patterns is successfully achieved using an open-air 

SALD reactor with an injection head made of three concentric nozzles. Although the reactor design is 

very simple without a co-reactant outlet as water from the surrounding atmosphere is being used, SALD 

characteristics are still demonstrated. In particular, the linear dependence of the deposited thickness 

with the number of cycles is verified. Even though on very high aspect ratio substrates poor step 

coverage is observed, deposition on flat and structured supports reveals highly uniform and 

homogenous. Complex oxide patterns with thickness ranging from tens to hundreds of nanometers are 

then successfully achieved with z resolution at the nanoscale and lateral resolution easily tuned from 

millimeters to hundreds of micrometers range by reversible tuning the central outlet diameter. The same 

injection head is used independently of the targeted resolution, at the opposite of the previously 

reported SALD-pen, making the proposed approach, named LOCALD, highly versatile. Direct patterning 

of various metal oxides with different lateral sizes is thus easily accessible. Even though only oxides have 

been reported here, other types of materials as nitrides can be envisaged under a controlled 

atmosphere. LOCALD is thus certainly of interest in the nanofabrication industry. In particular, being an 

open-air approach, it can be compatible with roll-to-roll process.  

Experimental Methods 

Localized depositions were performed using a homemade atmospheric spatial atomic layer deposition 

set-up (Figure 1). The SALD injection nozzle consists of three concentric needles of 6G, 10G and 14G 

diameters, respectively. Only one precursor outlet is present, the co-reactant being water, naturally 

present in the surrounding atmosphere. The inner needle is connected to a bubbler containing the metal 

precursor. The intermediate and outer needles correspond, respectively, to the exhaust and the inert gas 
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outlet. Such a configuration allows miniaturizing the head and thus the localization of the deposit. The 

lateral resolution is easily tuned from mm to µm range in a versatile manner by inserting an elongated 

glass capillary (Figure 5) with the desired diameter into the central needle and glued with PMMA.  

TiO2 and ZrO2 were deposited from, respectively, Titanium tetra-isopropoxide (TTIP, Sigma Aldrich) and 

Zirconium tert-butoxide (ZTB, STREM) maintained at 50 °C and 30-40 °C, while N2 is used as the carrier 

and protective/purging gas. Water contained in relative humidity of the surrounding atmosphere was 

used as co-reactant like schematized in Figure 1. Depositions took place at 150 °C with N2 protective flow 

from 15 to 200 sccm. The flow of N2 used as carrier gas was varied in the range of 25-200 sccm and of 15-

50 sccm for TTIP and ZTB, respectively. The exhaust speed, adjusted thanks to a rotameter, was fixed at 

800 sccm. ZrO2 was also deposited at 200 °C to study the influence of the substrate temperature on the 

film crystallinity. Flat substrates as silicon wafer with native oxide, glass and FTO slides, TA6V, Cu and 

Aluminum foils as well as structured supports like Si pillar (black silicon), SiO2-Si patterned wafer and 

PAN fiber mats stabilized at 280 °C were used. The substrate, hold on an XY plate (Planar DL 100-XY-E1-

PL3-TAS), from Aerotech, moved repetitively under the injection head with a velocity of 20 mm/s. 

Displacement of the stage is controlled by the software “Ensemble Configuration Manager/Ensemble 

Motion Composer” from Aerotech. The patterns are coded using “AeroBasic”. The gap between the 

substrate and the head was fixed and kept constant at 300 µm and 150 µm during the deposition of TiO2 

and ZrO2, respectively.  

Deposition of TiO2 with increased lateral resolution using a capillary requires adjusting the parameters. 

TTIP was thus kept at 90-100 °C to raise the precursor concentration. Fluxes of N2 carrier and protective 

gases as well as the exhaust speed were, respectively, optimized at 3-5 sccm, 30-50 sccm and 1240 sccm. 

Velocity of the stage was set at 40 mm/s.  

The thickness of deposited films was measured by ellipsometry spectroscopy using a Sopra GES-5E 

spectrometer at an incidence angle of 70°. Data fit was realized with the “WinElli_II” software using 

Cauchy dispersion law. Optical observations of the deposits were realized using a BX60 Olympus 

microscope equipped with a CCD camera. Surface morphology and elemental composition of the oxide-

coated materials were evaluated by scanning electron microscopy and energy-dispersive X-ray 

spectroscopy using a Zeiss Merlin VP compact microscope operated at 15 and 6 kV and equipped with an 

SDD OXFORD X-Max EDXS detector. Samples were prepared without any coating. Surface topography of 

TiO2 and ZrO2-coated Si wafer was characterized by AFM using a CSI-Nano Observer microscope 

operating in tapping mode. XRD patterns were recorded from TiO2– and ZrO2–coated Si samples with a 

PANalytical X’Pert Pro MPD diffractometer (CuKα radiation; λ = 1.5406 Å at 40 kV and 30 mA) to evaluate 

the crystallinity of the oxides. XPS was performed, using a THERMO K-alpha+ spectrometer with Al Kα 

monochromatism radiation and analyzed diameter of 30µm. Linescans were realized along several 

millimeters. 

Associated content  

Supporting Information  

The Supporting Information is available free of charge via the Internet at http://pubs.acs.org. It includes: 

graphs of TiO2 and ZrO2 saturation curves as a function of the N2 protective flow; AFM and SEM images 

http://pubs.acs.org/
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of TiO2 and ZrO2 lines deposited on Si wafer; Ti EDS profile from one edge of a 24 nm TiO2 line deposited 

on Si; EDS map of Ti element; SEM images of the structured bare supports used; EDS line profile of Ti and 

C elements recorded on a polyethersulfone electrospun on Si wafer after 1000 TiO2 LOCALD cycles; SEM 

images of TiO2 and ZrO2 deposited on black silicon and PAN fibers.  
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