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ARTICLE INFO ABSTRACT

Keywords: Spatial atomic layer deposition (SALD) is a recent ALD variant enabling much faster deposition rates, even at

NiO atmospheric pressure, making it ideal for scalable, low-cost devices. NiOy, a transparent p-type oxide, is widely

Thin film used in emerging technologies like perovskite solar cells. However, no suitable SALD process for NiO thin films
SXED has been reported so far. In this work, we present the deposition of nanocrystalline NiOy thin films via SALD

using a recent Ni precursor not yet explored for the ALD of NiO, namely, bis(4-(isopropylamino)pent-3en-2-
onato)nickel(I) or [Ni(ipki)g]. O3 has been used as coreactant, with higher deposition rates being achieved if
H,0 is added to the O, flow. A narrow ALD window has been obtained between 230 °C and 250 °C, where a GPC
of 0.023 nm is observed. This corresponds to a deposition rate of 1.4 nm/min, which is 2 to 10 times faster than
the rates reported for conventional ALD of NiO thin films. Remarkably, the growth onset of NiOy starts around
only 170 °C. The transmittance of the films reaches nearly 97 % in the visible for 55 nm thick films. Scanning
electron microscopy (SEM) and transmission electron microscopy (TEM) studies revealed a high homogeneity of
the films. X-ray diffraction (XRD), Raman spectroscopy and X-ray absorption spectroscopy (XAS) studies confirm
the presence of a cubic NiOy crystalline phase. Finally, NiOy films have been deposited on Ag nanowire networks,
demonstrating the possibility of depositing homogeneous and conformal coatings with this new process.

Transparent electrodes
Charge selective layers

optoelectronic devices. These properties make NiO appealing for a wide
range of applications such as spanning radiation detectors, semi-

1. Introduction

Nickel (I) oxide (NiO) thin films have garnered significant attention
due to their versatile properties and potential technological applications
[1,2]. As a p-type semiconductor, NiO exhibits distinct electronic
behaviour that includes high transmittance up to 97 %, good hole
mobility (10-2 cm2~V'l-s'1), and a suitable work function for diverse
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conducting devices, laser components, thermoelectric modules, and
optoelectronic devices [3-6]. NiO crystallizes in a face-centered cubic
structure and has a wide direct band gap that varies from 3.6 to 4 eV [7].
Given these specific properties, NiO has been extensively studied as hole
transport layer in hybrid perovskite solar cells [8,9].

Received 30 May 2025; Received in revised form 12 August 2025; Accepted 26 August 2025

Available online 3 September 2025

2666-5239/© 2025 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0002-1382-6181
https://orcid.org/0000-0002-1382-6181
https://orcid.org/0009-0007-3485-4118
https://orcid.org/0009-0007-3485-4118
https://orcid.org/0000-0001-5623-4023
https://orcid.org/0000-0001-5623-4023
https://orcid.org/0000-0001-8694-6443
https://orcid.org/0000-0001-8694-6443
https://orcid.org/0000-0003-0611-372X
https://orcid.org/0000-0003-0611-372X
https://orcid.org/0000-0001-9172-4319
https://orcid.org/0000-0001-9172-4319
https://orcid.org/0009-0004-4380-8824
https://orcid.org/0009-0004-4380-8824
https://orcid.org/0000-0003-2874-4522
https://orcid.org/0000-0003-2874-4522
https://orcid.org/0000-0002-1531-725X
https://orcid.org/0000-0002-1531-725X
https://orcid.org/0000-0002-4277-6179
https://orcid.org/0000-0002-4277-6179
https://orcid.org/0000-0003-1234-0814
https://orcid.org/0000-0003-1234-0814
mailto:david.munoz-rojas@grenoble-inp.fr
www.sciencedirect.com/science/journal/26665239
https://www.sciencedirect.com/journal/applied-surface-science-advances
https://doi.org/10.1016/j.apsadv.2025.100836
https://doi.org/10.1016/j.apsadv.2025.100836
http://creativecommons.org/licenses/by/4.0/

S. Porcar et al.

Different approaches have been developed to deposit NiO thin films,
which have allowed to tailor thickness, morphology, composition, and
crystalline structure. Between them, the most exploited deposition
methods are spray pyrolysis [10-12], thermal decomposition [13], hy-
drothermal method [14,15], anodic arc plasma method [16], sol-gel
[17,18], chemical bath deposition [19,20], sputtering [21,22] or
atomic layer deposition (ALD) [23]. However, to the best of our
knowledge, the majority of the mentioned methods require high tem-
peratures (above 300 °C) to achieve high-quality NiO films, and in most
cases, they are only viable for coating two-dimensional surfaces (except
for ALD). This limitation restricts their application in advanced elec-
tronic devices that degrade at high temperatures like hybrid perovskite
solar cells, or require more complex morphologies as certain chips and
sensors [24].

Spatial atomic layer deposition (SALD) is a recent approach to ALD in
which the precursors are separated in space rather than in time. This
eliminates the need for a long purging step, while maintaining the key
assets of ALD, that is, high conformality, thickness control below the
nanometer scale and low-temperature deposition. As a result, SALD can
reach higher deposition rates as compared to ALD, even when working
at atmospheric pressure [25]. This vacuum-free and high-throughput
process not only reduces complexity and operational cost but also
makes SALD more compatible with industrial-scale production.
Furthermore, SALD enables the fabrication of functional oxide films
under realistic conditions and over large areas, providing a practical
route toward the integration of these materials into commercial opto-
electronic and energy devices [26]. In addition, as shown by the reports
by Sekkat et al. on the deposition of CuO thin films by SALD, by con-
trolling the deposition conditions and the precursors used, SALD can
yield oxide thin films with comparable and even superior properties
than those obtained by PVD methods, such as PLD or sputtering, at
higher temperatures [27,28]. Finally, we have shown that SALD can
have a lower environmental impact than conventional ALD [29,30].
Despite the interest of developing a SALD process for the deposition of
NiO thin films for hybrid perovskite solar cells and other devices, to date
there are no reports in the literature. While B. Zhao et al. reported the
deposition of NiOy thin films using an SALD system, the growth takes
place through chemical vapor deposition (CVD) rather than ALD [31].

In this work, we report the low-temperature, high-throughput SALD
of NiOy thin films. A recent Ni organometallic precursor bis(4-(iso-
propylamino)pent-3en-2-onato)nickel(Il) or [Ni(ipki)z] was chosen as
Ni precursor as it showed high volatility necessary for atmospheric
pressure SALD and its mixed coordination of the Ni center with oxygen
and nitrogen instills higher reactivity when compared to the p-diketo-
nate type precursors often used for the ALD deposition of nickel mate-
rials [32]. To the best of our knowledge, this is the first time that this
family of Ni compounds is evaluated for the (S)ALD deposition of NiO
thin films. The growth process developed here achieves higher deposi-
tion rates than reported conventional ALD of NiO, without requiring
vacuum systems, making it a more efficient and scalable route for in-
dustrial applications [33]. This work investigates the deposition of NiO
thin films using SALD, exploring the process conditions, film charac-
teristics, and growth behavior. The study examines the temperature
dependence of the deposition, the structural and optical properties of the
films, and their potential for conformal coating applications. A combi-
nation of scanning electron microscopy (SEM), transmission electron
microscopy (TEM), X-ray diffraction (XRD), Raman spectroscopy and
X-ray Absorption Spectroscopy (XAS) analyses was used to assess film
homogeneity, crystallinity, and composition.

2. Experimental and methods
2.1. Film deposition

The NiOy films were deposited using a homemade SALD system
based on the close-proximity deposition technique, as described
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previously [34]. For the deposition, [Ni(ipki)g] and humid O, gas were
used as Ni and O precursors, respectively. The films were grown on soda
lime glass for microscope analysis. The substrates were previously
immersed and sonicated in isopropanol and acetone baths for 5 min
each. After the sonication, the glasses were dried under N, gas and used
immediately. The flows used for each line are schematized in Fig. 1. The
dilution line and bubbling line flows were 150 sccm respectively for the
nickel precursor (injected via two precursor channels in the head). For
the oxygen source, 450 sccm of Oy were carried across the water
bubbling line, without dilution (injected via four oxide gas channels in
the head). The Ny flow used for the barrier channels was 900 sccm
injected via six channels. The nickel precursor bubbler was kept at 135
°C and the corresponding lines were heated to 175 °C. The water bubbler
was kept at room temperature. The substrate temperatures were varied
from 130 to 280 °C and the distance between the head and the substrate
was kept at 100 pm. In the optimized procedure, the number of ALD
cycles per sample was 2400 (600 SALD oscillations) to obtain a thickness
of 55 nm with a substrate velocity of 51 mm/s. To facilitate the
morphological and compositional study of the NiOyx by TEM, a selection
of films was deposited on Ag nanowire (NW) networks as well. The
networks were fabricated as detailed in previous works [34].

2.2. Deposition of Ag networks

Silver nanowires (AgNWs) suspended in isopropanol, with a silver
concentration of 23.6 g/L, an average diameter of 70 nm, and a length of
approximately 10 pm, were obtained from Protavic International. Before
application, the nanowire dispersion was diluted according to previ-
ously reported protocols. Briefly, Corning glass substrates (25 x 25
mm?) were subjected to ultrasonic cleaning for 15 min in both ethanol
and deionized water, followed by nitrogen gas drying. A diluted AgNW
solution (0.23 g/L in isopropanol) was spray-applied onto the glass
surfaces using a standard airbrush system. The spraying process was
carried out in a cross-hatched pattern, applying one droplet every six
seconds under an air pressure of 1.4 bar. Substrates were maintained at
110 °C during deposition to enhance solvent evaporation and suppress
the formation of coffee ring patterns.

Electrical resistance was continuously tracked during deposition
using a two-probe multimeter setup. Silver paste was applied directly to
the glass to form electrical contacts, allowing for in situ monitoring of
the network’s areal density. As a final step prior to the SALD process, all
coated samples were thermally annealed at 200 °C for one hour.

2.3. Film characterization

The crystallinity of the films was assessed through Grazing Incidence
X-ray Diffraction (GIXRD) using a D4 Endeavor diffractometer (Bruker-
AXS) equipped with a Cu Ka radiation source. The data acquisition
involved a step scan ranging from 20° to 80° (26), with increments of
0.05° and a dwell time of 5 s per step. Raman spectroscopy was per-
formed using a WITec Apyron spectrometer with a 532 nm laser exci-
tation source. Optical transmittance and band gap evaluations were
conducted with a PerkinElmer Lambda 950 UV-Vis spectrophotometer,
fitted with an integrating sphere, operating across the 250-900 nm
range in 5 nm steps. The optical properties and thickness of the films
were investigated by spectroscopic ellipsometry using a HORIBA Uvisel
Lt M200 FGMS (210-880 nm) apparatus. Ellipsometric measurements
were performed on samples grown on glass in the 1.4 eV - 5.9 eV spectral
range.

Surface morphology and thickness were examined using a field
emission scanning electron microscope (SEM-FEG, namelly, a Quanta
200 and GeminiSEM 300) and a JEOL JEM-1010 transmission electron
microscope operating at 200 kV. The TEM setup included a JEOL EM-
24830FLASH CMOS-based digital camera and an Oxford Aztec TEM
Ultim Max EDS system, offering 127 eV resolution at the Mn K, line and
an 80 mm? window. A scanning Kelvin probe system (KP, KP
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Fig. 1. Scheme of the open-air spatial atomic layer deposition (SALD) setup used for the deposition of NiOy thin films.

Technology APS03) with a 2 mm diameter gold tip was used for work
function (WF) determination and surface mapping in air. The WF of the
tip was calibrated in an absolute way using an Ag sample measured by
ambient-pressure photoemission spectroscopy (APS) in the same system.

Ni K-edge X-ray absorption spectroscopy (XAS) was carried out at
beamline BM25 at the European Synchrotron Radiation Facility (ESRF)
in Grenoble, France. Both X-ray absorption near edge structure (XANES)
and extended X-ray absorption fine structure (EXAFS) spectra were ac-
quired in fluorescence mode at ambient temperature. Calibration of the
energy scale was done using a standard Ni metal foil. Data processing
followed established protocols using the ATHENA software package [35,
36]. Atomic force microscopy (AFM) images were collected using a
JEOL JSPM-5200 system in contact mode, scanning 2 pm x 2 pm areas.

3. Results and discussion

To determine the optimal deposition temperature, NiOy films were
deposited on glass substrates at different temperatures between 170 and
280 °C. Initial tests were performed using H,O as oxygen precursor but
no detectable film thickness was observed. O, was then tested and in this
case deposition could be achieved with a low GPC. In order to enhance
the deposition rate, humid O, was used, as described in the experimental
part. It has been previously shown that adding H20 to O, can have an
impact on both rate and film properties during CVD processes [37].
Fig. 2a shows the growth per cycle (GPC) vs temperature for films ob-
tained with 2400 ALD cycles. The maximum deposition rates were at
230 °C and 250 °C, which corresponds to the ALD window observed. The
average GPC obtained in the window is 0.023 nm as can be seen in

a)
0.024

E0.022
[=

 0.020-
3] ALD Window

&'0.018
S
[}]
20.016
§
3 0.014

© 0.012

0.010 T T T T T
180 200 220 240 260 280

Deposition temperature (°C)

Fig. 2a. For lower and higher temperatures, a decrease in the GPC is
observed, due to slow kinetics and precursor desorption, respectively
[38]. While the obtained GPC using humid O is still somewhat smaller
than the reported GPC values for the ALD deposition of NiOy, when
converted to deposition rate, the films grow at a rate of 1.4 nm/min,
which is 2 to 10 times faster than reported ALD values (see Table 1). For
the samples deposited during 10 min, The low thickness of the layer
prevented thickness measurements from being performed. It is also
worth noting that the high deposition rate obtained for the process
developed here is achieved without using ozone or plasma (as opposed
to some of the reports listed in Table 1). Fig. 2b shows the layer growth
as a function of time at a deposition temperature of 230 °C for different
samples made for 10, 20, 30 and 40 min of deposition. Initially, a more
pronounced growth is observed, attributed to the influence of the sub-
strate, followed by a linear growth behavior, as expected.

The morphology of the film was evaluated by SEM. Figs. 3a and 3b
show a cross-section and surface micrograph of a NiOy film deposited on
a glass substrate. As can be seen in Fig. 3b, the compact film presents a
high uniformity. The topography of the films was studied by AFM.
Fig. 3c shows a 3D image of the topography with the root-mean-squared
roughness value, which is close to the roughness of the glass substrate
(Figure Sla). To further assess the electronic uniformity of the surface,
Kelvin Probe measurements were performed, (Supporting Figure 1b)
showing a work function of 4.64 + 0.01 eV with a standard deviation of
only 0.02 eV across a 14 x 7 mm? area, confirming excellent homoge-
neity at the electronic level. Such low surface roughness can be bene-
ficial for the use of these NiOy films in (opto)electronic devices by
generating better interfaces.

b ALD Cycles
) 0 1000 2000 3000 4000
70 .
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Fig. 2. a) Growth per cycle (GPC) for NiOy films deposited at varying deposition temperatures for 2400 ALD cycles. b) Film thickness at different deposition times

and number of ALD cycles with a substrate temperature of 230 °C.
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Table 1

Comparison of the deposition parameters between this work and the bibliography.
Ni Precursor Oxigen source Temperature (°C) Substrate Crystallinity Max. GPC (nm) Growth rate (nm/min) Ref.
Ni(acac)y O3 250-310 Soda lime Crystalline 0.077 0.77 [39]
Ni(apo), O3 190-310 Soda lime Crystalline 0.062 0.67 [39]
Ni(dmamp), H,0 130 ZnO Amorph 0.14 0.49 [40]
Ni(thd), Hy0 205-275 Si0, Crystalline 0.04 0.11 [41]
Ni(MeCp), O, plasma 250 Pt Crystalline 0.058 0.2 [42]
Ni('pki)2 H,0+0, 190-280 Soda lime Crystalline 0.023 1.4 This work

Fig. 3. Cross section (a) and surface (b) SEM micrographs of a NiOy sample deposited at 230 °C. ¢) AFM 3D topography image.

Fig. 4a shows the XRD pattern of a 55 nm NiOx film deposited at 230
°C measured by grazing incidence X-Ray diffraction (GIXRD) showing
three main reflections indexed as the (111), (200), and (220) crystal
planes of cubic NiO (reference diffraction pattern JCPDS:
01-089-3080). No peak corresponding to a secondary phase could be
observed. To confirm the structure, a Raman spectroscopy study was
also carried out. In this technique, the presence of local distortions or
defects play an important role on the activation of some phonon modes
and on their respective nature [43]. The Raman spectrum and its
deconvolution is shown in Fig. 4b In it, different bands related with the
NiOy structure were assigned according to the literature [44-46]. The
peaks at 372 em™, 529 em™ and 650 cm™ are associated with the TO,
LO; and LOy modes. Several additional phonon modes were as well
detected, namely, a TO+one-magnon peak at 469 cm™, a 2TO mode at
819 cm™! and the LO+TO and 2LO peaks respectively at 958 cm™! and
1083 cm’. It is also observed that the size of the LO peak is larger than
that of the 2LO, which is associated with a small particle size according
to the literature (see Figure S2) [47].

The transmittance results of a set of samples deposited with 2400
ALD cycles at different temperatures are shown in Fig. 5a in the wave-
length range between 350 and 800 nm. The average transmittance in the
visible part of the spectra for the samples was near 97 % making it a
good candidate for optoelectronic applications, namely, in transparent
electrodes or for transparent oxide junctions [48]. The decrease in the
transmittance with the temperature can be attributed to the increase in

a)

NiO pattern
——Nio

(111)
(200)

(220)

Intensity (arb. units)

01-089-3080 L

T T T T T

20 30 40 50 60 70 80
20 (danraa)

the thickness of the NiOy films due to the increase in the GPC. It can be
observed that at 130 °C there is no growth. While film growth was
possible at 170 °C (where a decrease in the transmittance is observed),
the growth rate was too low to be practical. Consequently, the GPC was
calculated starting from 190 °C. As observed in Fig. 5a, the absorption
increases until 230 °C, coinciding with the highest GPC obtained. After
it, a small decrease in absorption is observed for the samples deposited at
270 °C and 280 °C, in agreement with the obtained ALD window. The
inset shows a picture of a bare glass substrate (on the left) and a coated
(one on the right) placed on the LMGP logo, demonstrating the high
transparency of the film (the top part of the slides comes with a colored
white and blue layer for the purpose of labelling).

In addition to UV-Vis absorption spectroscopy, spectroscopic
ellipsometry was used to determine the optical constants. Fig. 5b shows
the n and k values for a 88 nm thick film deposited a 230 °C. Considering
an indirect transition, as expected for NiO, the extracted bandgap from
the ellipsometry data was 3.53+0.05 eV, which is in agreement with
literature values [49]. From this data, an energy diagram could be
plotted (shown in Figure S3).

The local electronic structure of the NiOy thin films was investigated
using XANES and EXAFS at the Ni K-edge. Fig. 6a shows the normalized
XANES spectra for the NiOy thin films deposited at different tempera-
tures. As can be observed, the spectra exhibit four prominent charac-
teristics. First, a low energy pre-edge peak is observed for all the samples
at 8335 eV, correlated with the 1s — 3d electronic quadrupole transition

b)

Raman intensity (a.u.)

210

300 400 500 600 700 800 900 1000 1100 1200
Raman shift (cm™)

Fig. 4. a) GIXRD and b) corresponding Raman spectrum for a 55 nm thick NiOy thin film deposited at 230 °C.
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Fig. 5. a) Transmittance (without the glass) for samples deposited at different temperatures for 2400 ALD cycles. The thickness of the films deposited at 130, 170,
230, 270 and 280 °C were 0, ~12, 55, 47 and 38 nm respectively. The inset in a) shows a photo of the sample compared with a bare glass substrate. b) n,k values vs.
photon energy obtained from spectroscopic ellipsometry for a 88 nm thick NiOy sample deposited at 230 °C on glass.
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Fig. 6. Ni K-edge XAS spectra for the NiOy thin films deposited at 190, 270 and 280 °C. (a) Near-edge X-ray absorption region (XANES), and (b) magnitude of the
Fourier-transformed EXAFS (Extended X-ray Absorption Fine Structure) spectra.

of Ni** in the octahedral geometry (Oh) [50,51]. A well-defined and
intense resonance feature, labeled as peak A, is observed next. This peak,
commonly known as the white line in XANES spectra, arises from
electronic transitions between the 1s core level and unoccupied 4p
states. Following this, subtle structures denoted as B and C can be
observed within the multiple scattering region between 8360 and 8380
eV. Lastly, there is a broad D peak, which exhibits single-scattering-like
behavior and is positioned at a higher energy level compared to the
initial EXAFS oscillation (around 8400 eV). This specific feature is
indicative of an octahedral geometry within a cubic lattice, and it aligns
consistently with previously reported data for NiOx [52]. These four
features are intrinsic from crystalline NiO indicating the successful
formation of crystalline NiOy thin films even for a deposition tempera-
ture as low as 190 °C.

Subtle differences can be seen as a function of the deposition tem-
perature. In the XANES region, a slight decrease (0.03) in the intensity of
the A peak in the sample deposited at 190 °C is observed in Fig. 6a, an
indication of the presence of lower coordination states around Ni atoms
in comparison to the other samples. The intensity of the white line in-
creases indeed with deposition temperature, as previously reported in
the literature [53]. Therefore, these results suggest that decreasing the
temperature of the process leads to a reduced coordination number
around Ni atoms in NiOy thin films. Such an effect on the deposition

temperature is also observed in the EXAFS region. The EXAFS spectra
provide insight into the radial distribution of neighboring atoms around
Ni atoms. Representing the Fourier transform’s magnitude visually il-
lustrates the scattering distances between the absorbing atom and its
closest neighbors. Fig. 6b displays the k*-weighted Fourier-transformed
EXAFS spectra at the Ni K-edge for the thin films. The initial peak,
located at approximately 1.35 A, corresponds to the radial distribution
of oxygen atoms bonded to nickel (indicative of Ni-O interactions). The
subsequent peak, appearing near 2.43 10\, is associated with scattering
contributions from neighboring nickel atoms, reflecting Ni-Ni coordi-
nation involving twelve surrounding Ni atoms [54]. The peak’s intensity
offers information about the level of order of both bonds. A subtle
change in peak intensity is observed among each film, suggesting a
minor influence of deposition temperature on the atomic arrangements
of Ni-O and Ni-Ni bonds [55,56]. Intensity increases as the deposition
temperature of the films is increased. This fact coincides with that pre-
viously mentioned in the XANES section, which indicates that a higher
crystallinity is obtained as the preparation temperature is increased.
To explore the conformality of our SALD process, NiOy films were
also grown on AgNW networks at 230 °C [34]. Fig. 7 shows SEM and
TEM results of the coated networks. In Fig. 7a, uniform and conformal
NiOy films with a thickness of approximately 35 nm over the Ag NWs can
be observed in the SEM image (especially for the wires in focus at the
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Fig. 7. a) SEM and b) TEM micrographs of Ag NWs coated with NiOy thin films deposited at 230 °C. c), d) TEM image with a SAED pattern of a 20 nm thick NiO thin

film deposited on a silver nanowire at 230 °C.

bottom of the image). Fig. 7b shows a TEM micrograph that includes a
compositional mapping obtained by EDS. It can be observed how the
yellow points (Ag) only appear in the core of the nanowire. Conversely,
the Ni signal has a constant presence on and around the Ag signal,
indicating that the Ag NWs is conformally coated with a NiOy film (full
spectrum of elements available in Supporting information, Figure S4).
Fig. 7c shows HRTEM results and it can be observed that the film is
composed of various particles of approximately 5 nm showing crystal-
line planes with spacing that is in agreement with the NiOy cubic phase
(see SAED pattern in Fig. 7d), in agreement with the GIXRD results.

4. Conclusions

We reported a new SALD deposition process for the deposition of
NiOy films using [Ni(ipki)z] as Ni precursor, being the first time this
precursor is used for the (S)ALD deposition of NiO thin films. NiOy films
could be synthesized at relatively low temperatures near 190 °C and
without the need of hazardous oxygen precursors like ozone or plasma
requiring complex reactor setups. A combination of Oy and water was
used to improve the GPC of the deposition process. The process showed
an ALD widow between 230 °C and 250 °C, where a GPC of 0.023 nm is
obtained (corresponding to a deposition rate of 2.1 nm/min). The ob-
tained deposition rate is up to 2 to 10 times faster than for previously
reported NiO ALD processes. The combination of high deposition rate,
operation under atmospheric pressure and in an open setup makes this

new process very appealing for industrial implementation. XRD, Raman
spectroscopy and XAS results confirmed the deposition of cubic NiOy
films. The thin films are smooth, closed and highly transparent (nearly
97% in the visible for 55 nm thick films deposited at 230 °C), as desired
for an ALD process. The excellent conformality of the process was
demonstrated by coating AgNW networks. This work highlights the
potential of SALD as a scalable, vacuum-free, and high-throughput
method for the synthesis of high-quality NiOy films, offering a prom-
ising pathway for their integration into industrial optoelectronic and
energy-related technologies.
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