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The application scope of basic functional materials can be expanded through the
creation of thin films due to the emergence of new unique properties of film materials
that differ from their bulk analogues. Promising thin films, including composite and
nanostructured ones, find application in electronic devices, microelectromechanical systems
(MEMSs) and sensors and catalytic, piezoelectric, acoustic and optoelectronic devices, in
the creation of actuators, as well as in systems using high-temperature superconductors.
Moreover, functional film materials are used in energy generation and storage systems,
including all-solid-state batteries (ASSBs), solar cells and hydrogen energy.

Thin film technologies are based on various principles such as epitaxial deposition,
ion beam-assisted deposition (IBAD), electron beam evaporation, atomic layer deposition
(ALD), plasma discharge sputtering, reactive DC magnetron sputtering, electrodeposi-
tion, pulsed laser ablation, chemical bath deposition, spray pyrolysis, and electrophoretic
deposition (EPD).

This Special Issue, “Advanced Thin-Films: Design, Fabrication and Applications”, con-
tains 13 original articles devoted to various aspects of the formation of advanced thin films,
the determination of their functional properties and the characteristics of devices based
on them. The presented articles focus on important issues related to the following areas of
thin film applications: flexible electronic devices, high-temperature superconductors, gas
sensors, photocatalysts, biocompatible piezoelectric generators, optical devices, protective
coatings, piezoelectric film actuators, solar cells and all-solid-state batteries. The obtained
and published results of these contributions are briefly summarized and presented below.

The creation of ASSBs is an attractive way to solve the safety problems of Li-ion
batteries through the use of liquid or polymer electrolytes during long-term operation and
expand the range of their operating temperatures [1-3]. Compounds based on Li;La3Zr,O17
(LLZ) are promising solid electrolytes for all-solid-state batteries due to their high values in
terms of lithium-ion conductivity. Reducing ohmic losses in the solid-state electrochemical
cell can be achieved through the thin film design of the electrolyte membrane. E. Lyalin
et al. (Contribution 1) applied the promising EPD method to form thin films of an LLZ
electrolyte on different substrates such as Ti, Ni and steel substrates. After annealing in an
Ar atmosphere, differences in the phase composition of the LLZ films depending on the
type of substrate were observed. It was shown that the additional non-conducting Li,CO3
phase does not appear in the LLZ films deposited on Ti substrates, and the highest values
of lithium-ion conductivity were achieved for these thin films.

Nanostructured films based on ZnO exhibit photoelectric activity during the decompo-
sition of water and can be used for hydrogen production. Photoelectrochemical methods of
hydrogen generation are widely used in hydrogen and solar energy [4]. Thus, the determi-
nation of approaches and design strategies for the efficient production of solar cells at a low
cost is extremely relevant. S.I. Al-Saeedi (Contribution 2) prepared ZnO nanorod-arrayed
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films and studied the influence of the structure and morphology of the obtained films on
the efficiency of hydrogen generation.

Due to their properties, MASnl; and CsPbl; perovskites are considered promising
materials for solar cells. In their work, K.H. Mahmoud et al. (Contribution 3) modeled
solar cells, and their charge transfer mechanisms and cell characteristics were determined,
including open circuit voltage and C-V characteristics for the most efficient energy con-
version. The influence of annealing on perovskite film materials, which determines their
temperature instability, has been established.

Oxygen sensors are used in many industries, including metallurgy, the chemical
industry, and mechanical engineering. Thin films are a promising technology in terms of
the miniaturization and scale-up of O, gas sensor production. The resistance of TiO, films
depends on the oxygen content in the gas atmosphere, so they can be used when creating
sensors. Plasma-enhanced atomic layer deposition (ALD) technology is of particular
interest for the formation of thin films of titanium dioxide TiO, on SiO,/Si substrates. The
TiO; films obtained by A.V. Almaev et al. (Contribution 4) demonstrated high sensitivity
to oxygen in the range of 0.1 to 100 vol. %. A mechanism describing the effect of oxygen
concentration on film resistance has been proposed.

The creation of autonomous devices using generators based on piezoelectric materials
is in great demand since such devices can operate independently of batteries and other
power sources. Piezoelectric generators provide electrical energy generation through hu-
man movement and can be installed in compact health monitoring devices, sensors and
other portable electronic devices [5,6]. In this regard, it is of interest to create biocompat-
ible composite piezoelectric materials based on Nag5BipsTiO3 (NBTO) nanoparticles in
biopolymer—chitosan composites; this study was carried out by J. Zidani et al. (Contribu-
tion 5), and the piezoelectric, optical and dielectric properties of the composite structures
were determined.

Composite thin-film materials with ferroelectric properties are used as actuators to
control the shape of optical reflectors. To create such shells, the use of composite structures
in the form of ferroelectric polymer films poly(vinylidene fluoride-co-hexafluoropropylene)
(PVDE-HEFP) or poly(vinylidene fluoride-trifluoroethylene) (PVDF-TrFE) on a polyethylene
terephthalate (PET) substrate was studied. Research and modeling of thin-film actuators
was carried out by K. Wang et al. (Contribution 6), and the problem of creating polymer
reflectors based on the proposed film structures was discussed.

In the field of creating thin-film superconducting layers of REBa,CuzO7.(REBCO),
the formation effect of MgO-based surface layers on a base substrate (Hastelloy) was
investigated. Devices based on high-temperature superconducting YBa,CusOy., (YBCO)
maintain a superconducting state up to a temperature of 77 K at a current density below
the critical value. High-temperature superconductors exhibit broad application prospects
in the fields of powerful electromagnets, electric motors, and also power lines. E. Yu et al.
used ion beam-assisted deposition (IBAD) technology as well as electron beam evaporation
technology to form the textured films (Contribution 7).

In their research, D. Park et al. considered the formation of mechanical stresses in
periodic structures with nanogaps on stretchable substrates; this knowledge can be used
in the field of electronic and optical devices. The model used included a set of nanogaps
(10 nm) on a flexible polydimethylsiloxane (PDMS) substrate coated with a 100 nm
thick layer of gold. A calculation of mechanical stresses was performed based on two-
dimensional finite element analysis (2D finite element analysis) (Contribution 8).

Titanium dioxide exhibits photocatalytic activity under ultraviolet light, which de-
termines its use in the field of environmental purification [7-9]. T.G. Getnet et al. used
the plasma spraying of TiO, powder simultaneously with the plasma polymerization of
hexamethyldisiloxane (HMDSQO). The influence of plasma excitation energy on the prop-
erties of the obtained composite films, thickness, roughness and wettability, was studied
(Contribution 9).
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Hafnium oxide thin films have attracted significant attention as promising materials
for optical devices due to their optical properties, chemical and mechanical stability, high
hardness and laser damage resistance [10,11]. HfO, thin films on quartz substrates were
obtained via the magnetron sputtering of an Hf target in an oxygen atmosphere by Y. Xi
et al. (Contribution 10). The effect of various negative biases on the substrate during direct
current deposition was studied. It was established that setting the negative bias voltage at
certain values (—25 and —50 V) leads to increased density of the HfO, films.

The electrodeposition of nickel-based coatings is used in a wide range of technical
applications due to their operational properties, such as resistance to corrosion, high
hardness and wear resistance. Electrodeposition technology is flexible and widely used
in industrial production, including mechanical engineering and electronic devices [12,13].
Interesting results on the modification of Ni were shown in the research carried out by V.
Tseluikin et al. (Contribution 11). The co-electrodeposition of Ni and graphene oxide (GO)
particles was carried out, and the effect of microwave treatment on the obtained Ni-GO
composite coatings was investigated. An increase in the hardness of Ni-GO composite
coatings was established, which is important in terms of technical applications. However,
the obtained composite coating showed a decrease in corrosion resistance compared to the
original Ni coating.

CdS/Si heterostructures are of significant interest in the field of optoelectronic de-
vices [14]. CdS thin films were obtained via pulsed laser ablation in a liquid (PLAL) using
a Dimethyl sulfoxide (DMSO) solution into which a Cd target was placed. FH. Alkallas
et al. studied the current-voltage and optical characteristics of the obtained structures, and
the possibility of creating photodetectors based on them was confirmed (Contribution 12).

Due to their unique properties, AIN films have a very wide range of applications in
electronic devices, microelectromechanical systems (MEMSs) and acoustic resonators [15,16].
The epitaxial growth of AIN films on the surface of sapphire substrates coated with molyb-
denum was studied by J. Kim et al. (Contribution 13). It was established that highly
oriented Mo thin films provide the transfer of crystallographic information from the sap-
phire substrate to the AIN film during epitaxial growth. The obtained results can be used
to create AIN films of high crystallinity for MEMS devices.

The topics covered in the Special Issue are presented in Figure 1.
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Figure 1. Application areas of promising thin films, methods of their formation and used materials,
according to articles published in the Special Issue «Advanced Thin-Films: Design, Fabrication
and Applications».

The papers presented in this Special Issue are of interest to the scientific community
and can guide future efforts to create new film structures with unique functional properties.
I'would like to express my gratitude to the authors, who provided insight into the problems
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and their proposed solutions in various applications of thin films, and I would also like
to thank the reviewers and editors who helped improve the submitted papers and made
significant contributions to our Special Issue in Micromachines.

Conflicts of Interest: The authors declare no conflicts of interest.

List of Contributions

1.

10.

11.

12.

13.

References

Schreiber, A.; Rosen, M.; Waetzig, K.; Nikolowski, K.; Schiffmann, N.; Wiggers, H.; Kiipers, M.; Fattakhova-Rohlfing, D.;
Kuckshinrichs, W.; Guillon, O.; et al. Oxide ceramic electrolytes for all-solid-state lithium batteries—Cost-cutting cell design and
environmental impact. Green Chem. 2023, 25, 399—-414. [CrossRef]

Albertus, P.; Anandan, V.; Ban, C.; Balsara, N.; Belharouak, I.; Buettner-Garrett, J.; Chen, Z.; Daniel, C.; Doeff, M.; Dudney, N.J.;
et al. Challenges for and Pathways toward Li-Metal-Based All-Solid-State Batteries. CS Energy Lett. 2021, 6, 1399-1404. [CrossRef]
Mandade, P.; Weil, M.; Baumann, M.; Wei, Z. Environmental life cycle assessment of emerging solid-state batteries: A review.
Chem. Engin. |. Adv. 2023, 13, 100439. [CrossRef]

Li, R. Latest progress in hydrogen production from solar water splitting via photocatalysis, photoelectrochemical, and
photovoltaic-photoelectrochemical solutions. Chin. J. Catal. 2017, 38, 5-12. [CrossRef]

1.

Lyalin, E.; I'ina, E.; Pankratov, A.; Kuznetsova, T.; Kalinina, E. Effect of Substrates on the
Physicochemical Properties of LiyLazZr,O1, Films Obtained by Electrophoretic Deposition.
Micromachines 2023, 14, 2153. https:/ /doi.org/10.3390/mi14122153.

Al-Saeedi, S.I. Photoelectrochemical Green Hydrogen Production Utilizing ZnO Nanostructured
Photoelectrodes. Micromachines 2023, 14, 1047. https:/ /doi.org/10.3390/mi14051047.
Mahmoud, K.H.; Alsubaie, A.S.; Anwer, A H.; Ansari, M.Z. Comparative Analysis of Perovskite
Solar Cells for Obtaining a Higher Efficiency Using a Numerical Approach. Micromachines 2023,
14,1127. https:/ /doi.org/10.3390/mi14061127.

Almaev, A.V.; Yakovlev, N.N.; Almaev, D.A.; Verkholetov, M.G.; Rudakov, G.A.; Litvinova, K.I.
High Oxygen Sensitivity of TiO, Thin Films Deposited by ALD. Micromachines 2023, 14, 1875.
https:/ /doi.org/10.3390/mil14101875.

Zidani, J.; Hassine, K.; Zannen, M.; Zeinert, A.; Da Costa, A.; Ferri, A.; Belhadi, J.; Majdoub,
M.; Marssi, M.E.; Lahmar, A. Synthesis, Structural, Optical, and Electrical Characterization
of Biochitosan/Nag 5Big 5TiO3 Composite Thin-Film Materials. Micromachines 2023, 14, 1841.
https://doi.org/10.3390/mi14101841.

Wang, K.; Gong, Y.; Yu, Y.; Preumont, A. Hierarchical Morphing Control of an Ultra-Lightweight
Electro-Actuated Polymer Telescope with Thin-Film Actuators. Micromachines 2023, 14, 1855.
https://doi.org/10.3390/mil14101855.

Yu, E; Xue, Y,; Zhong, C.; Song, J.; Nie, Q.; Hou, X.; Wang, B. Preparation of MgO Self-
Epitaxial Films for YBCO High-Temperature Coated Conductors. Micromachines 2023, 14, 1914.
https://doi.org/10.3390/mil14101914.

Park, D.; Lee, D.; Moghaddam, M.H.; Kim, D.-S. Trench Formation under the Tunable Nanogap:
Its Depth Depends on Maximum Strain and Periodicity. Micromachines 2023, 14, 1991. https:
//doi.org/10.3390/mi14111991.

Getnet, T.G.; Cruz, N.C.; Rangel, E.C. Effect of Plasma Excitation Power on the SiOxCyH,/TiOx
Nanocomposite. Micromachines 2023, 14, 1463. https:/ /doi.org/10.3390/mil14071463.

Xi, Y,; Qin, X.; Li, W.; Luo, X,; Zhang, J.; Liu, W.; Yang, P. Effect of Substrate Negative Bias on
the Microstructural, Optical, Mechanical, and Laser Damage Resistance Properties of HfO,
Thin Films Grown by DC Reactive Magnetron Sputtering. Micromachines 2023, 14, 1800. https:
//doi.org/10.3390/mi14091800.

Tseluikin, V.; Dzhumieva, A.; Yakovlev, A.; Tikhonov, D.; Tribis, A.; Strilets, A.; Lopukhova, M.
Electrodeposition and Properties of Composite Ni Coatings Modified with Multilayer Graphene
Oxide. Micromachines 2023, 14, 1747. https://doi.org/10.3390 /mil14091747.

Alkallas, EH.; Alghamdi, S.M.; Al-Ahmadi, A.N.; Trabelsi, A.B.G.; Mwaty, E.A.; Elsharkawy,
W.B.; Alsubhe, E.; Mostafa, A.M.; Rezk, R.A. Photodetection Properties of CdS/Si Heterojunc-
tion Prepared by Pulsed Laser Ablation in DMSO Solution for Optoelectronic Application.
Micromachines 2023, 14, 1546. https:/ /doi.org/10.3390/mil4081546.

Kim, J.; Kim, Y.; Hong, S.-M. Structural Analysis of Mo Thin Films on Sapphire Substrates for
Epitaxial Growth of AIN. Micromachines 2023, 14, 966. https:/ /doi.org/10.3390/mi14050966.


https://doi.org/10.3390/mi14122153
https://doi.org/10.3390/mi14051047
https://doi.org/10.3390/mi14061127
https://doi.org/10.3390/mi14101875
https://doi.org/10.3390/mi14101841
https://doi.org/10.3390/mi14101855
https://doi.org/10.3390/mi14101914
https://doi.org/10.3390/mi14111991
https://doi.org/10.3390/mi14111991
https://doi.org/10.3390/mi14071463
https://doi.org/10.3390/mi14091800
https://doi.org/10.3390/mi14091800
https://doi.org/10.3390/mi14091747
https://doi.org/10.3390/mi14081546
https://doi.org/10.3390/mi14050966
https://doi.org/10.1039/D2GC03368B
https://doi.org/10.1021/acsenergylett.1c00445
https://doi.org/10.1016/j.ceja.2022.100439
https://doi.org/10.1016/S1872-2067(16)62552-4

Micromachines 2024, 15, 255 50f5

10.

11.

12.

13.

14.

15.
16.

Mondal, S.; Paul, T.; Maiti, S.; Das, B.K.; Chattopadhyay, K.K. Human motion interactive mechanical energy harvester based on
all inorganic perovskite-PVDE. Nano Energy 2020, 74, 104870. [CrossRef]

Dudem, B.; Kim, D.H.; Bharat, L.K.; Yu, J.S. Highly-flexible piezoelectric nanogenerators with silver nanowires and barium
titanate embedded composite films for mechanical energy harvesting. Appl. Energy 2018, 230, 865-874. [CrossRef]

Martha, M.H.; Wilson, EJ. Remediation of pesticide-contaminated soil using TiO, mediated by solar light. Catal. Today 2002, 76,
201-207. [CrossRef]

Hashimoto, K.; Irie, H.; Fujishima, A. TiO, photocatalysis: A historical overview and prospects. Jpn. J. Appl. Phys. 2005, 44,
8269-8285. [CrossRef]

Karami, A. Synthesis of TiO, nanopowder by sol-gel method and its use as a photocatalyst. J. Iran. Chem. Soc. 2010, 7, 154-160.
[CrossRef]

Toledano-Luque, M.; Martinez, FL.; San Andrés, E.; del Prado, A.; Martil, I.; Gonzalez-Diaz, G.; Bohne, W.; Rohrich, J.; Strub, E.
Physical properties of high pressure reactively sputtered hafnium oxide. Vacuum 2008, 12, 1391-1394. [CrossRef]

Aarik, J.; Mandar, H.; Kirm, M.; Pung, L. Optical characterization of HfO; thin films grown by atomic layer deposition. Thin Solid
Film 2004, 466, 41-47. [CrossRef]

Orinakova, R.; Turonova, A.; Kladekova, D.; Galova, M.; Smith, R.M. Recent developments in the electrodeposition of nickel and
some nickel-based alloys. J. Appl. Electrochem. 2006, 36, 957-972. [CrossRef]

Dordsheikh Torkamani, A.; Velashjerdi, M.; Abbas, A.; Bolourchi, M.; Maji, P. Electrodeposition of Nickel matrix composite
coatings via various Boride particles: A review. J. Compos. Compd. 2021, 3, 106-113. [CrossRef]

Sarkar, A.; Katiyar, A K.; Mukherjee, S.; Singh, S.; Singh, S.K.; Das, A.K.; Ray, S.K. Geometry controlled white light emission and
extraction in CdS/Black-Si conical heterojunctions. ACS Appl. Electron. Mater. 2018, 1, 25-33. [CrossRef]

Qu, H. CMOS MEMS Fabrication Technologies and Devices. Micromachines 2016, 7, 14. [CrossRef] [PubMed]

Cherng, J.S.; Chen, TY,; Lin, C.M. Pulsed-DC Sputtering of Molybdenum Bottom Electrode and Piezoelectric Aluminum Nitride
Films for Bulk Acoustic Resonator Applications. Thin Solid Films 2011, 519, 6797-6800. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.nanoen.2020.104870
https://doi.org/10.1016/j.apenergy.2018.09.009
https://doi.org/10.1016/S0920-5861(02)00219-5
https://doi.org/10.1143/JJAP.44.8269
https://doi.org/10.1007/BF03246194
https://doi.org/10.1016/j.vacuum.2008.03.083
https://doi.org/10.1016/j.tsf.2004.01.110
https://doi.org/10.1007/s10800-006-9162-7
https://doi.org/10.52547/jcc.3.2.4
https://doi.org/10.1021/acsaelm.8b00001
https://doi.org/10.3390/mi7010014
https://www.ncbi.nlm.nih.gov/pubmed/30407387
https://doi.org/10.1016/j.tsf.2011.01.391

	References

