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SUMMARY

The design of iron-based coated conductors (IBS-CC) with a simplified architecture is possible thanks to
the material properties that allow for milder requirements on the template crystalline quality. With
respect to the state-of-the-art multilayered layout, it is possible to use a single buffer layer that remains
necessary for protection and to promote the oriented growth of the superconducting film. In this work,
Fe(Se,Te) films are grown via pulsed laser deposition (PLD) on commercial tapes using a single, chemically
deposited, CeO2-based buffer layer, and interesting properties are obtained. In detail, the preparation
and characterization of the buffer layer is presented, along with the detailed analysis of the Fe(Se,Te) cur-
rent transport properties. The samples show superconducting transitions with Tc

0 around 12 K and critical
current densities of �0.1 MA cm�2 at 4.2 K at zero field. These results show that the design of a low-cost
IBS-CC with a single chemical buffer layer is possible.

INTRODUCTION

In order to exploit superconductivity for large-scale power applications, conductors in the form of flexible wires or tapes are required. If

high temperature superconductors (HTS) are used, such as REBCO materials (REBCO, rare-earth barium copper oxide), it is necessary to

make up for their fragile and brittle nature by preparing them in the so-called coated conductor (CC) architecture. This technology is based

on a complex multilayered structure of buffer layers and biaxially textured superconducting films on metallic substrates,1–5 to allow the

exploitation of the extraordinary properties of these materials. However, such a complicated structure limits their potentiality for applica-

tions because of high production costs. In this scenario, any advancement that would lead to a simplification of the CC structure, could be

a game-changer. A possibility could be to use superconductors with reduced sensitivity to the buffer layer’s grain orientation, and there-

fore to superconducting weak links, instead of REBCO. For example, iron-based superconductors (IBSCs) show larger critical current, Jc,

tolerance to grain-to-grain misalignment (about 9� for Fe(Se,Te) with respect to 5� for REBCO materials) and structural disorder. In general,

great interest was raised by these materials properties since their discovery in 20086 because of a peculiar combination of high critical

temperature, Tc, high critical magnetic fields and Jc that makes them promising for a wide range of practical applications.7–12 Among

IBSCs, iron chalcogenides drew significant attention due to their low toxicity and low structural anisotropy. Another property that makes

Fe(Se,Te) extremely appealing notwithstanding the low critical temperatures – e.g., about 15 K for bulk Fe(Se,Te) – is the low deposition

temperature (e.g., 200�C–400�C, in ultra-high vacuum conditions). These characteristics make the use of superconducting iron-chalcogen-

ides such as Fe(Se,Te) instead of REBCO in the coated conductor extremely beneficial, since it would lead to a significant simplification of

the CC architecture complexity and cost: from the complex buffer architecture necessary to obtain optimally textured REBCO films, to the

1–2 layers required for Fe(Se,Te),4,9,13,14 thanks to the high grain misalignment tolerance and low temperature processing. Several works

have already shown that Fe(Se,Te) can be successfully obtained in form of tapes4,5,13,15–18 with the same technology developed and

commercialized for HTS REBCO tapes, due to the similar lattice parameters. More in detail, the direct deposition on bare metallic sub-

strates was not successful due to metallic contamination19 leading to suppression of superconductivity, but this phenomenon can be

controlled, as for HTS tapes, with the use of a buffer layer.

As regards buffer layers, it was previously demonstrated that the extensively studied CeO2 is suitable for the preparation of high quality

Fe(Se,Te), as it was for REBCO.20–25 Nowadays it is mainly grown on Ni-W substrates by pulsed laser deposition (PLD), however, the replace-

ment of the expensive PLD with more cost-effective, chemical solution deposition (CSD) methods for the growth of the buffer13,26–32 would
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represent a relevant advancement toward low-cost IBS-CC. Therefore, it was proven that Zr-doped CeO2 (CZO) deposited via Metal Organic

Decomposition (MOD) on YSZ single crystal substrates is an excellent buffer for high quality superconducting Fe(Se,Te) films.13,14

The aim of this study is to transfer the aforementioned results on commercial metallic tapes, and prove that the simplified architecture Ni-

W/CZO-(MOD)/Fe(Se,Te) is suitable for the design andmanufacturing of large scale iron-based CCs.We hereby give a detailed investigation

of the structural and superconducting properties at high magnetic fields of Fe(Se,Te) films grown by PLD on CZO buffered Ni-W tapes. The

final Fe(Se,Te) film displays promising superconducting performances, such as a Jc
s.f. = 0.1 MA cm�2 at 4.2 K, and a Tc

0 = 11.8 K. This work

builds up on previously published studies,5,13,14,33 in which every element of the architecture was studied and tested, elucidating the role of

the buffer layer on the final film properties and analyzing in detail the effect of the Fe(Se,Te) film structure on the transport properties of the

superconductor. This work represents a relevant advancement toward low-cost IBS-CC: indeed, the union of Ni-W RABiTS (Rolling Assisted

Biaxially Textured Substrates) tapes and the chemical deposition of the buffer layer allows for a significant reduction of the template costs,

since these techniques are intrinsically vacuum-free given that they involve only thermomechanical treatments for the substrate and thermal

treatments for the buffer, while other techniques such as IBAD (Ion beam Assisted Deposition) or ISD (Inclined Substrate Deposition)

commonly employed for the template preparation are tied to vacuum systems.

RESULTS AND DISCUSSION
Buffer layer deposition and characterization

Zr-doped CeO2 buffer layers are grown via MOD on Ni-W metallic substrates. Regarding the MOD method, the well-established treat-

ments13,14,27 yield high quality results with excellent reproducibility on Y-stabilized ZrO2 (YSZ) single crystal substrates. However, working

with metallic tapes required the redefinition of the thermal treatment in order to obtain epitaxial, (00L)-oriented, flat films,26 without oxidizing

the Ni-W tapes. A short thermal treatment under reducing conditions (15 min, 1100�C, Ar/H2, more details in the experimental section) was

developed. In Figure 1 the XRD diffraction pattern andmorphology of a CZO film grown onNi-W viaMOD is shown. The film is (00L) oriented,

with a value of FWHMu-scan = 6.5�, comparable with that of the Ni-W substrate.5 The microstructure, investigated via AFM, shows large, flat

grains (Figure S1, left panel). No holes can be seen, and the film appears continuous. When performing these analyses, few areas of the sam-

ples were found to have a very different morphology, in which the CZO flat grains are much smaller (Figure S1, right panel). This feature was

more easily observedwhen looking at the samples via SEM at lowmagnification, as shown in Figure 1. Here, the right panel shows the bound-

ary between an area with the flat morphology and one in which only smaller grains are visible; the right panel shows, at higher magnification,

the area in which CZO grows with only flat-topped grains. When performing the EBSD analysis of these samples (Figure S2) the pole figures

show a 45� in-plane rotation of the CZO lattice with respect to Ni-W, necessary to accommodate the differences in lattice parameters of the

two materials. Moreover, it is found that the EBSD pattern of the flat-terraced regions is sharper with respect to those in which the rougher

morphology is visible. Only a few of the rougher areas do not yield any pattern at all and are therefore polycrystalline. The origin of this

behavior was analyzed in detail, by carefully mapping the Ni-W substrate and analyzing the same exact region after every step of the process,

from buffer layer deposition to Fe(Se,Te) growth. The main finding is that grains in the Ni-W substrates that are slightly tilted and/or faceted

result in grains of the CZO buffer with a not-optimal orientation and morphology. This, in consequence, causes the growth of polycrystalline

grains in the Fe(Se,Te) films, as shown in the next section.

To evaluate the CZO film quality and effectiveness as a buffer layer, XPS measurements were performed to analyze the chemical compo-

sition of the CZO surface. Additionally, we subjected the CZO-buffered Ni-W to the same heat treatment used for the deposition of the

Figure 1. XRD characterization of the CZO buffer layer

Left: XRD diffraction of a CZO film obtained via MOD. In the inset, w-scan of the CZO (200) peak; Right: SEM images at different magnifications of a CZO buffer

deposited on Ni-W via MOD.

ll
OPEN ACCESS

2 iScience 27, 111032, October 18, 2024

iScience
Article



Fe(Se,Te) seed layer to evaluate its robustness, as mentioned in the experimental section. In panel (a) of Figure 2, the survey spectra of the as-

prepared and annealed sample are compared. As expected, they show the presence of the elements of the CZO buffer layer, and there is no

noticeable difference between the spectra of the as-prepared and annealed states, emphasizing the robustness of the buffer layer to the

necessary thermal treatments. Panel (b) displays the high-resolution spectrum in the 2p peak region of Ni, highlighting the absence of nickel

on the buffer surface before and after the heat treatment. The absence of Ni from the surface is crucial, given its detrimental impact on the

superconducting properties of the Fe(Se,Te) film.5 Panel (c) displays the high-resolution spectrum of the 4f region for the tungsten peak. Also

in this case, there is no difference between the as-prepared and the annealed state, suggesting that the oxidation state of the tungsten is not

influenced by the heat treatment necessary for the deposition of the Fe(Se,Te) layer. For the as-prepared state, the energy of theW4f 7/2 (34.7

eV for the as-prepared and 34.8 for the annealed) and the W 4f 5/2 (36.8 eV for the as-prepared and 36.9 eV for the annealed) indicate the

unexpected presence of a non-negligible amount of WO3.
34 Additionally, mixed oxides NiWO4 can be excluded.35 The same WO3 was

observed in a preliminary XPS analysis of the Ni-W bare substrate, and the high reactivity of Ce with W for the formation of a mixed oxide

is well known,36 but its presence on the buffer surface is somewhat puzzling, due to the limited diffusion of W in CeO2.
37,38 While the segre-

gation ofWO3 on the surface of Ni-W can be explained by the natural reactivity of ametallic surface exposed to air, we can only speculate that

high-temperature diffusion at the grain boundary plays a significant role in its migration to the buffer surface. However, its presence does not

interfere with the heteroepitaxial growth of the CZO buffer and the FST film (see next section). The high-resolution spectra of the Ce 3days

region are shown in panel (d). As indicated for the other spectra, in this case, the chemical state of the buffer layer is not influenced by the heat

treatment, highlighting once again the robustness of the buffer layer concerning thermal treatments. According to the energies of the peaks

and with the analysis byMaslakov et al.,39 they can be ascribed to the CeO2 oxide. Finally, to prove the effectiveness of the buffer layer against

Ni diffusion, high-resolution spectra of the Ni 2P region, shown in panel (b), were measured both in the as-prepared and annealed state. In

both cases, the spectra show Ni absence on the buffer layer surface. Therefore, CZO can efficiently protect the Fe(Se,Te) film from Ni

poisoning. Having thus established the optimal conditions for CZO buffer growth, the Fe(Se,Te) films are deposited via PLD.

Fe(Se,Te) structural characterization

XPS analysis was conducted on the as-deposited Fe(Se,Te) film to investigate the chemical composition of its surface. As shown from the sur-

vey spectra of Figure 3 panel (a), only the Fe, Se, and Te peaks can be recognized (alongside the oxygen and carbon peaks coming from

atmospheric contamination). To confirm the absence of nickel on the surface of the Fe(Se,Te) film, high-resolution spectra of the Ni 2P region

were measured. As evident from these measurements, the absence of Ni from the film surface is shown, validating the effectiveness of the

Figure 2. XPS characterization of the CZO buffer layer

(A) XPS spectrum of a CZO buffer layer on Ni-W, and details of the (B) Ni 2p, (C) W 4f, (D) Ce 3days regions of the spectrum.
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single CZO buffer layer as a diffusion barrier for nickel. Additionally, high-resolution spectra were measured for the W 4f region to ensure no

diffusion of tungsten atoms from the surface layer of the CZO layer through the film. The results presented in panel (c) confirm the absence of

W contamination in the surface layer of the Fe(Se,Te).

In Figure 4 left panel, the XRD q–2q diffraction pattern of a Fe(Se,Te) film deposited on CZO-buffered Ni-W is shown. The intense (00L)

Fe(Se,Te) reflections are visible, as well as signals belonging to both the CZO buffer and the Ni-W substrate. In Figure 4, the Fe(Se,Te)

(001) peak is split in two components, as highlighted in the inset: this feature is related to the superconducting film deposition process,

that involves the low temperature deposition of a superconducting layer on top of a seed layer grown at higher temperatures. The higher

temperatures used for the seed layer are necessary to facilitate heteroepitaxial growth on the buffer, at the expense of superconducting prop-

erties that are suppressed due to a higher Se:Te ratio in the seed layer. Subsequently, homoepitaxial growth of the superconducting top layer

is carried out at lower temperatures. This difference in deposition temperatures (400�C for the seed and 200�C for the top layer) strongly in-

fluences the stoichiometry of the growing Fe(Se,Te), that causes a significant difference in lattice parameters between the seed layer and the

top layer and, therefore, of the relative XRD reflection position. Further details on the seed+top layer Fe(Se,Te) structure topic can be found

in.33,40 In synthesis, the use of the seed layer has advantageous effects on the growth of the superconductive layer, facilitating crystal and

chemical compatibility between the substrate and the superconducting film through homoepitaxial growth, hence ensuring higher quality

and reproducibility of the superconductive Fe(Se,Te) layer. Regarding film epitaxy, the Fe(Se,Te) top layer shows optimal out-of-plane orien-

tation, with a (001)u-scan FWHM=7.4�, value close to that of the seed layer which shows a slightly narrower distribution (FWHM=6.5�). These
values are comparable and consistent with what measured for the buffer layer and the Ni-W substrate, and it should be stressed how the

orientation is retained from the metallic substrate to the top layer.

Microstructural analyses of the sample surface were carried out via scanning electron microscopy (SEM), and EBSD, as previously done with

the CZO buffer. Fe(Se,Te) shows a 45� rotation with respect to CZO, thus reflecting the Ni-W orientation. Figure 4, right panel shows the SEM

images of a Fe(Se,Te) filmdeposited onCZO-(MOD) bufferedNi-Wat differentmagnifications. At highmagnifications, the surface appears very

flat and crack-free, with few small misoriented grains. However, some regions can be identified where the number of misoriented grains clearly

increaseswith respect to the rest of the sample. TheEBSDanalysis of these regions reveals that they correspond to single Fe(Se,Te) grainswhere

the film is not oriented (no EBSD pattern recorded), as shown in Figure S3. As already mentioned, the correlative analysis of the EBSD pattern

finds out that the polycrystalline Fe(Se,Te) grains correspond to the not-optimally-oriented CZO buffer grains grown on tilted Ni-W grains.

Microstructural characterization of this proposed coated conductor architecture is taken further with TEM imaging. In Figure 5, the TEM

images of a cross section Fe(Se,Te) deposited on a CZO-(MOD) buffered Ni-W are shown. In the HAADF (High-Annular Angular Dark Field)

image we can see (from the bottom): the Ni-W substrate, the CZO buffer layer and the Fe(Se,Te) film divided in seed layer (60 nm) and top

layer,�150 nm thick. A highlight on the seed layer, Figure 5 central panel, shows how it grows with some slightly misoriented grains. Further-

more, the interface between the top and the seed layer, right panel, is smooth and seamless with limited structural disorder. The elemental

analysis was also performed on the section, and Figure 6 highlights the homogeneous distribution of Fe between the two Fe(Se,Te) layers,

whereas different distributions of the Se and Te signals are detected. This difference is, as previously explained for the XRD signals, a conse-

quence of the different deposition temperatures between seed and top layer. A detailed discussion on this can be found in.33 As regards the

buffer layer, no significant diffusion of Ce/Zr atoms is detected in the uppermost layers, andmost importantly, noNi seems to have diffused in

the Fe(Se,Te), thus confirming the efficiency of theCZObuffer in its protective role toward Fe(Se,Te) poisoning from the substrate. It should be

noticed, however, that the EDX analysis reveals a significant presence of Fe at the interface between CZO and Ni-W, and W in the CZO layer

(Figure 7). As regards tungsten, its presence is in accordance with what was already observed via XPS on the surface of the buffer, that is,

presence of WO3. We can argue that at high temperature the formation of Ce and W mixed oxides occurs, that causes the diffusion of W

in the CZO layer: indeed, formation of such oxides was observed also under reducing atmospheres.41 Surprisingly, at the interface between

Ni and CZO, a thin layer (2–3 nm, red arrow in Figure 7) can be identified that from the EDX analysis resultsmainly composed of Fe andNi. This

phenomenon is still under investigation, but a tentative explanation could be represented by the diffusion of Fe through grain boundaries

and/or microcracks for the formation of Ni-Fe or Ni-Fe-W intermetallic compounds.

Figure 3. XPS characterization of the Fe(Se,Te) film

(A) XPS spectrum of a Fe(Se,Te) film deposited on an MOD CZO buffered NiW, and details of the (B) Ni 2p, (C) W 4f regions of the spectrum.
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A. Fe(Se,Te) transport properties

The electrical characterization was carried out with the standard four probemethod. The R vs. T behavior (Figure 8) reveals a superconducting

transition at slightly lower temperatures with respect to previous results obtained for similar systems,33 with Tc
0 = 11.8 K. This difference can be

explained taking into account the substrate used for deposition: YSZ single crystals, in the mentioned papers, and Ni-W tape in this work.

However, it is undoubtedly true that the proposed deposition process leaves room for further optimization that could reduce the difference

in Tc
0 with respect to the Fe(Se,Te) on single crystal.Moreover, in Figure 8, before the transition to zero resistance, an increase in R is observed.

This behavior, already observed in similar systems,5,42 is common to all the superconducting Fe(Se,Te) samples on Ni-W prepared until now,

and it can be ascribed to the presence of the metallic substrate associated to a significant inhomogeneity of the films that causes a current

redistribution in the sample before transition.43 The sample was then patterned to undergo transport measurements. In Figure 8, left panel,

also the R vs. Tmeasurement of the patterned strip is shown. Here, the 3 K drop in Tc
0 with respect to the whole film confirms the hypothesis of

inhomogeneity even though some damage occurred during patterning cannot be ruled out. On the right, the Jc vs. field curves at different

temperatures (4, 6 and 8 K) are shown. At 4 K the Jc
sf is 0.1 MA/cm2, then it rapidly decreases with increasing field. The same rapid decrease is

observed at the other temperatures. In Figure 9, left panel, the comparison with the Jc curves at 4 K for an FST film on PLD deposited CeO2 is

shown (data from5). The two films show comparable Jc values at self-field, but a very different Jc vs. field behavior, with a much steeper

decrease at low field for the FST/CeO2-(PLD)/Ni-W sample. A crossover around 3 T between the curves is visible, beyond which the FST/

CZO-(MOD)/Ni-W film quickly reaches the irreversibility field. This difference in the in-field behavior can only partially be ascribed to very

different Tc
0s between the two films, 16 K for the FST/CeO2-(PLD)/Ni-W sample, and 8 K for the FST/CZO-(MOD)/Ni-W. In fact, not only

there is a difference in Jc absolute values, but the whole Jc dependence on magnetic field is different, suggesting the existence of different

Figure 4. XRD characterization of the Fe(Se,Te) film

Left: XRD diffraction of a Fe(Se,Te) film deposited on an MOD CZO buffered Ni-W; the indicated peaks are to be referred to Fe(Se,Te) if not otherwise stated. In

the inset, the highlight of the Fe(Se,Te) (001) peak splitting. Right: SEM images of a Fe(Se,Te) film deposited on an MOD CZO buffer at different magnifications.

Figure 5. TEM images of the cross section of a Fe(Se,Te) film grown on a CZO buffered Ni-W substrate

(A) low magnification image showing the layers of the CC architecture; (B) higher magnification image showing the seed layer growing with slightly misoriented

grains, dashed lines indicate grain boundaries; (C) highlight on the seed/top layer interface showing small areas of structural disorder.
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Jc -limiting mechanisms. It is now common knowledge that the Jc behavior at low field is strongly related to the presence of weak links

and, therefore, to the film microstructure and grain boundary distribution. Large angle grain boundaries limit the transmission of the

supercurrent, leading to an exponential decay of Jc at low field, which is exactly what happens in the FST/CeO2-(PLD)/Ni-W sample. For

the FST/CZO-(MOD)/Ni-W sample, instead, the Jc decay at low field is almost linear, resembling that of an FST film grown on buffered single

Figure 6. TEM image of the cross section of a Fe(Se,Te) film grown on a CZO buffered Ni-W substrate with EDX analyses showing the distributions of

Se, Te, Fe, Ce and Ni in the whole CC architecture

Figure 7. TEM image of the cross section of a Fe(Se,Te) film grown on a CZO bufferedNi-W substrate: focus on the CZO buffer layer with EDX analyses

showing Fe and W in the buffer layer
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crystal, as observed in33 in which no limitation related to large angle grain boundaries can be invoked due to the high film texture degree. This

similarity is strongly evidenced in Figure 9, right panel, where the normalized current vs. field curves for thementioned samples are compared

to that of a Fe(Se,Te) film grown on a buffered single crystal, referred to as FST/CZO-(MOD)/YSZ. It is clearly visible how the FST/CZO-(MOD)/

Ni-W is perfectly superimposed with the FST/CZO-(MOD)/YSZ film in the low field region, that could imply a microstructural similarity be-

tween the two samples related to the kind of grain boundaries present in the Fe(Se,Te) films. If we take another look at the grain boundary

distribution presented in Figure S3, the maximum value of grain misalignment for the FST/CZO-(MOD)/Ni-W film is 9� (with the distribution

peak at 3�), whereas for the FST/CeO2-(PLD)/Ni-W sample is 11� (with the distribution peak at 3�, see Figure S4). Given that for Fe(Se,Te) the

critical angle is around 8�, we can reasonably guess that the lack of weak links in the FST/CZO-(MOD)/Ni-W samples causes the in-field

behavior for this sample to be more similar to the FST/CZO-(MOD)/YSZ sample. Apart from the in-field behavior, that leaves room for

improvement, the important conclusion is that the FST film on a chemical CZO buffer performs (in the low T, low H region) as well as an

FST film on a PLD CeO2 buffer. This means that the proposed simplified architecture for IBS-CCs works, and that we can successfully switch

from PLD to CSD for the buffer layer growth, with all the advantages of the process simplification and lower production costs. Further opti-

mization of the system is in progress, starting from the deposition process of the superconductor itself, the evaluation of higher buffer thick-

nesses and the use of other phases as buffer layers, to avoid the problem of ion diffusion into the Fe(Se,Te).

Conclusions

This paper reports on the deposition and epitaxial growth of Fe(Se,Te) superconducting films on a chemically derived Zr-doped CeO2 buffer

layer on commercial Ni-W tapes. The aim of this study is also to investigate the feasibility of an IBS-CC with a simplified architecture that re-

quires only one buffer layer. Thus, we present a detailed characterization of the elements of the CC from the buffer to the final film structural

and superconducting properties.

The chemical solution deposition method MODwas successfully employed to deposit CZO on Ni-W with a thermal treatment developed

ad hoc, and the quality of the obtained buffers was assessed via evaluation of structural and microstructural parameters. Deposition of the

Fe(Se,Te) film/seed layer was performed via PLD. The heteroepitaxial growth was successful, and the optimal structure was retained from

the buffer to the top layer. A detailed TEM analysis shows how the buffer layer can effectively protect the Fe(Se,Te) film from Ni poisoning

Figure 8. Electric characterization of the Fe(Se,Te) film on a MOD CZO-buffered Ni-W tape

Left: resistive transition, Right: Jc vs. field curves at 4, 6, and 8 K.

Figure 9. Comparison of transport properties between a Fe(Se,Te) film on a MOD CZO-buffered Ni-W tape and an a Fe(Se,Te) film on a PLD CZO-

buffered Ni-W tape

Left: Jc vs. field curves for the Fe(Se,Te) film on anMOD CZO-buffered Ni-W tape (black diamonds) compared with a Fe(Se,Te) film on a PLD CZO-buffered Ni-W

tape (empty squares); Right: normalized Jc vs. field curves for the Fe(Se,Te) film on anMODCZO-buffered Ni-W (black diamonds) tape compared with a Fe(Se,Te)

film on a PLD CZO-buffered Ni-W tape (empty squares) and a Fe(Se,Te) film on an MOD CZO-buffered YSZ single crystal (black crosses).
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from the substrate, but also that grain boundary diffusion ofW and Fe occurs during treatment. However, this has no influence on the epitaxial

growth of themultilayer. Superconducting properties of a Fe(Se,Te) film deposited on CZO-(MOD) bufferedNi-Wwere evaluated via dcmea-

surements and self-field performances resulted in line with data from the literature. Most importantly, they are comparable to the FST/CZO-

(PLD)/Ni-W presented in,5 which means that MOD can successfully substitute PLD in the production process of an IBS-CC.
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KEY RESOURCES TABLE

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

This study does not use experimental models.

METHOD DETAILS

Sample preparation

MOD Buffer layers

MOD Zr-doped CeO2 (CZO) precursor solution was prepared dissolving stoichiometric amounts of Ce (III) acetate hydrate (Sigma Aldrich,

99.5%) and 5 mol.% Zr (IV) acetylacetonate (Sigma Aldrich, 98%) in propionic acid (Sigma Aldrich, 99.5%). Rotary evaporation was used to

remove water and the excess of solvent until a total metal concentration [Ce] + [Zr] = 0.3 M is obtained. The solution was deposited on

131 cm2 Ni-5 at % W (Ni-W) biaxially textured substrate (GmbH) by spin coating at 2000 rpm for 60 s. The thermal treatment was carried

out in flowing 5% Ar-H2 (0.5 l/min Ar-H2) at 1150
�C for 15 min (ramps 10�C/min). Films approximately 30 nm thick are thus obtained.

PLD Fe(Se,Te) films

Fe(Se,Te) films were deposited by pulsed laser deposition (PLD) in an ultra-high vacuum chamber (residual gas pressure during deposition of

about 10–8 mbar during deposition) equipped with a Nd:YAG laser at 1064 nm and using a polycrystalline target with a nominal composition

FeSe0.5Te0.5 synthesized using a two-step method.7 First, a non-superconducting seed layer of about 50 nm was deposited at 400�C at high

laser repetition rate (10 Hz). Then, the sample was cooled to 200�C for 150 nm top-layer deposition at 3 Hz. The films were deposited keeping

the following parameters: 2 J cm�2 laser fluency (2 mm2 spot size) and a 5 cm distance between target and sample. The use of the seed layer

was shown to be necessary to optimize the film properties.33

Sample characterization

Structural characterization was carried out by X-ray diffraction (XRD) using a Rigaku GeigerFlex diffractometer equipped with a Cu-radiation

source and amonochromator on the diffracted beam in Bragg–Brentano configuration for both q–2q and u-scans.u-scans were fitted using a

pseudo-Voigt curve to obtain the full width at half maximum (FWHM) values.

AFMmeasurements were performed on a Park Systems XE-150 atomic force microscope operating in non-contact mode at room temper-

ature. Image analysis was performed using the open source Gwyddion software as in.5,13,14

XPS analysis was performed in a dedicated ultra high vacuum chamber equipped with a hemispherical energy analyzer (model 10-360) and

amonochromatic X-ray source (model 10-610) by Physical Electronics. The base pressure of the system is lower than 5310-8mbar. All the XPS

spectra reported in this work were acquired using amonochromatizedAl-Ka X-ray source (photon energy hv=1486.6 eV); the spot was approx-

imately 100 mm in diameter and the photoemitted electrons were collected at an emission angle of 45� from the surface normal. The binding

energy was calibrated by fixing the C 1s line at 284.40 eV (corresponding to adventitious carbon). In all regions, the peaks position was deter-

mined by fitting them with a Doniach Sunjic function, after subtracting a Shirley background. All the analyses on the spectra were performed

using the Fityk software.44 Peak identification was performed based on the NIST X-ray Photoelectron Spectroscopy Database (https://srdata.

nist.gov/xps/ accessed 5/12/2023).

CZObuffer layers onNi-Wweremeasured both at 300 K and after an annealing procedure (from 300 to 500 K at 8 Kmin-1 plus a dwell at 773

K for 15minutes, P < 5310-7mbar); if necessary, the spectrawere vertically shifted for sake of clarity. A LEO1525 field emission high-resolution

Scanning ElectronMicroscope (SEM), equippedwithOxford x-act EDX system and aNordlys Nano electron backscattering diffraction (EBSD)

system, was used to investigate the surface morphology, elemental composition and sample microstructure.

REAGENT or RESOURCE SOURCE IDENTIFIER

Chemicals, peptides, and recombinant proteins

Ce(III) acetate hydrate 99.5% Sigma Aldrich

Zr (IV) acetylacetonate 98% Sigma Aldrich

Propionic Acid 98% Sigma Aldrich

Ni-5 at % W Tapes GmbH

Software and algorithms

Gwyddion http://gwyddion.net/
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For TEMmeasurements, cross section lamellas were produced by focused ion beam. STEM EDXmappings were carried out on a Thermo-

fisher Spectra Ultra operated at 200 kV, equipped with a Ultra-X EDX detector operated at 200 kV.

The electrical resistance as a function of the temperature wasmeasured in dc in a liquid He cryostat by the four-probemethod. The critical

temperature Tc0 was evaluated as zero-resistance temperature.14

Critical current measurements and in-field R(T) measurements were carried out on strips with defined geometry obtained after patterning

with optical photolithographic procedures in a cryo-free cryostat equippedwith an 18 T superconductingmagnet. The strip width used for this

study is 500 mm. Critical current is defined with the electric field threshold Ec = 1 mVcm-1.

QUANTIFICATION AND STATISTICAL ANALYSIS

This study does not include statistical analysis or quantification.
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