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In industry, thin films proved invaluable for protection of tools withstanding high
frictions and elevated temperatures, but also found successful applications as sensors, solar
cells, bioactive coatings for implants, photocatalysis and in lithography. Other envisaged
applications are currently researched for energy-storage devices, drug delivery or in situ
microstructuring for enhancing the surface properties.

When compared to other plasma-assisted deposition methods, such as plasma spray-
ing or plasma enhanced chemical vapor deposition, the Pulsed Laser Deposition (PLD)
technique stands as a simple, versatile, rapid, and cost-effective approach for the fabrication
of high-quality structures from a wide range of materials [1,2]. PLD as a thin film synthesis
method, although limited in terms of surface covered area, still gathers interest among
researchers due to some important advantages such as stoichiometric transfer of the target
composition to the synthesized coatings, high adherence of the deposited structures to
the substrate, improved uniformity in terms of morphology and chemical composition,
controlled degree of phase, crystallinity, and thickness of deposited coatings, lower poros-
ity, decreased tendency of the deposited structures to crack or delaminate, and relatively
simple experimental set-up.

Over the last years, an increasing research interest was observed in the field of PLD
synthesis of oxides and nitrides. From the first class, transparent conductive oxides, with
indium tin oxide (ITO) as one of the most representative materials, were intensively in-
vestigated due to their applications in many technological areas, including sensors [3,4].
By combining UV nanoimprint lithography and PLD, the fabrication of nanopatterned
ITO films was demonstrated to be appropriate for applications in the field of organic
photovoltaic cells or organic light emitting devices. In addition, iron oxide (Fe2O3) nanos-
tructures have been also studied due to their unique electrical and magnetic properties,
corroborated with the preservation of their chemical compatibility with biological tissues
for various medical applications. Thus, the formation of iron oxide nanostructures was
demonstrated using combined infrared pulsed laser ablation and carbothermal heat treat-
ment of Fe microspheres [5]. It was shown that iron oxide nanowires and nanoflakes
could be synthesized without the necessity of a catalyst. A possible growth mechanism of
iron oxide nanowires was introduced considering both the Fe3O4/Fe2O3 interface and the
chemical driving force for the diffusion of Fe species through the microsphere, which are
kinetically and thermodynamically controlled by the amount of Fe and carbon gaseous
species. An important aspect that should be mentioned is related to the targets’ preparation
for PLD synthesis of iron-doped indium oxide films. Therefore, at low oxygen pressures,
it was shown that, besides the existence of iron ions in the Fe2+ state, rather than the Fe3+

one, there was little metallic iron. All these characteristics were followed by an important
magnetization. When increasing the oxygen amount, the band gap increased also, whilst
the number of defect phases and the saturation magnetization decreased. It was demon-
strated that the oxygen amount in the target due to the precursor was an important factor
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but not a defining one for the overall quality of the films. It was also indicated that FeO, in
comparison to Fe2O3, could be a better choice due to a higher magnetization.

It should be emphasized that thin though hard coatings demonstrated to be of key-
importance for the fabrication of mechanical parts or tools due to their hardness and
wear-resistance characteristics [6]. Therefore, nitride-based films were recently investigated
as protective coatings, due to their physical–chemical, electronic, thermal, or mechanical
properties [7–10]. Particularly, aluminum nitride coatings own such characteristics, which
qualify them as relevant candidates for a wide range of applications, including photode-
tectors, light-emitting and laser diodes, acoustic devices, insulating and buffer layers, or
designs of self-sustainable opto- and micro-electronical devices [11–13].

Solid-electrolyte thin-films are mainly fabricated by thermal vacuum evaporation and
radiofrequency-sputtering techniques. It is important to note that their synthesis by the
PLD method generated improvements in their intrinsic characteristics. Due to an increasing
demand for smaller power sources, the current interest in rechargeable microbatteries has
expanded. Therefore, the recent progress in the field of lithium microbatteries is quite
remarkable, and this is mainly due to the PLD growth of high-quality, pinhole-free, solid-
state electrolyte thin films (i.e., Li6.1V0.61Si0.39O5.36). In this respect, using the sequential
PLD technique, rechargeable thin-film lithium-ion batteries were designed [14].

Aiming to expand the field of hard tissue engineering and regeneration, many bio-
materials were designed and exploited in different strategies, either for controlled drug
delivery [15], or to address various bone-related traumas [16]. For this aim, Matrix-Assisted
Pulsed Laser Evaporation (MAPLE), which is a variation of the PLD technique, was re-
cently used to deposit thin films of shellac for targeted drug release [17]. Thus, it was
demonstrated that the laser fluence is a key parameter in preserving the chemical structure
of shellac. In the case of low fluences, all the characteristic absorption bands were shown
and the best concordance to the pristine shellac was indicated. One innovative approach to
boost the efficiency of a biomaterial could be to coat it with a natural protein or a biological-
derived compound. To the difference of injecting a bioactive compound, which has the
disadvantage of a rapid removal from the living body, the deposition of a protein onto the
surface of the implanted material can determine an increase in its concentration, which
further results in a controlled local release. Post-surgical infections in bone implants could
be therefore prevented [18], and a local induction of osteogenic differentiation can be also
favored [15]. In this respect, lactoferrin (Lf) is a protein of interest, due to its antimicrobial
and anticarcinogenic activities, corroborated with an anti-inflammatory function and an
osteogenic role [19,20]. Thus, it was demonstrated that the controlled release of the compo-
nents by polymeric coating could better accommodate the combination of the properties of
both biological compounds, (i.e., the bone mechanical stability and osteogenic capacity of
hydroxyapatite, HA) with the anti-inflammatory and osteogenic effect of the Lf component,
which make the composition an excellent support for further bone regeneration.

Calcium phosphates (CaP) are the main inorganic component of bone tissues [21]. Due
to their excellent biocompatibility, high adherence to the substrate, and osseointegration
and osteoconduction characteristics, CaP-based bioceramic materials are widely used in
the domain of bone regeneration, both in orthopedics and dentistry [22–25], mainly as
coatings for metallic implants [26]. In the last few decades, research focus was put on HA,
which represents the most frequently used CaP due to some important properties, like
its role as a scaffold for osteogenic differentiation [27] and its capacity to stimulate and
accelerate the formation of new bone around implants [28,29]. The advantages of using
animal-origin HA (BioHA) coatings, fabricated by the PLD technique, as viable alternatives
to synthetic HA ones for various medical applications, were recently emphasized [16].
In this respect, the biocompatibility of BioHA materials was reported to be superior to
that of synthetic HA, with respect to cells’ morphology, proliferation, and bioactivity [16].
Moreover, when doped with various agents (i.e., Ti or Li2CO3), the effect was an increase in
cell proliferation [30,31]. Therefore, animal-origin HA could represent a reliable, promising,
safe, and, most importantly, low-cost resource for coatings that aim for biomimetism. For
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PLD, this domain is still in his incipient stage of development, offering endless possibilities
for expansion in terms of natural-CaP new resources, various concentrations of doping
elements, or controlled degree of the obtained coatings’ morphology and structure. It was
also demonstrated that, to the difference of synthetic HA, BioHA coatings could exhibit an-
timicrobial properties, besides an increased bioactivity. One could therefore conclude that,
the future of biomimetic coatings might belong mainly to the natural-origin CaPs source
materials, and their stoichiometric transfer and delicate tailoring in terms of thickness,
crystallinity, and functional groups can be performed by PLD as an optimal deposition
method. In addition, two decades of achievements focused on the in vivo performances of
CaP-based coatings fabricated by the PLD technique were also reported [32]. One should
note that, in the dedicated literature, there are studies on the in vivo testing of CaP-based
coatings (especially HA) synthesized by numerous physical vapor deposition methods,
but only few of them addressed the PLD technique. It was demonstrated that the values
inferred from the mechanical tests (concerning bone attachment) were all superior for the
functionalized Ti implants as compared to simple Ti ones. Both the PLD surface func-
tionalization of metallic implants and a longer implantation time period were shown to
have a key role on the overall bone bonding strength characteristics of the investigated
medical devices. Despite the interesting progress made in vitro and in vivo in the field
of CaP-coated metallic implants by PLD, not enough comparable clinical results were
delivered so far for an easier assessment. This was mainly because of the lack of standard-
ization of the coating properties and in vivo models. As a consequence, additional tests
are still needed to be performed, both to advance a certain “recipe” for optimum in vivo
results, and to evidence the relative influence of implant design, surgical procedure, and
coating characteristics (thickness and surface structure and morphology), on the short- and
long-term characteristics of the CaP-based synthesized structures.

Taking into consideration all these facts, one can conclude that a leap forward for PLD,
which is mainly a laboratory technique, could be its recognition as an industrial coating
technique in the near future. This is now more achievable than ever due to progress in
robotics, which can help with automatic and precise translation of targets and substrates,
but also to advances in vacuum techniques, allowing for generation of a high vacuum in
large enclosed spaces.
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