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Today, thin films are near-ubiquitous and are utilised in a very wide range of industrially and
scientifically important areas. These include familiar everyday instances such as antireflective coatings
on ophthalmic lenses, smartphone optics, photovoltaics, decorative and tool coatings. There exist also
a range of somewhat more exotic applications, such as astronomical instrumentation (e.g., ultra-low
loss dielectric mirrors and beam splitters in gravitational wave detectors, such as Laser Interferometer
Gravitational-Wave Observatory (LIGO)), gas sensing, medical devices and implants, and accelerator
coatings (e.g., coatings for the Large Hadron Collider (LHC) and Compact Linear Collider (CLIC)
experiments at European Organization for Nuclear Research (CERN)).

The aim of this Special Issue is to provide a platform for researchers working in any area within
this highly diverse field to share and exchange their latest research findings.

Thin films are everywhere in the modern world, with many of the technologies we depend upon
in daily life being, in turn, dependent upon thin film technology. These may range in dimension
from an atomic or molecular monolayer—perhaps only a few angstroms thick—to either mono- or
multilayer coatings with a thickness of several microns.

Such materials may have a huge range of extremely useful properties; they may be, for example,
anti-reflective, impervious to oxygen and/or other gases, optically transparent yet electrically conductive,
catalytic, and self-cleaning. Everyday examples featuring thin film technology include, but are not
limited to, mobile phones, touch screens, laptops, and tablets [1,2].

Other important applications of thin films include bandpass filters as used in gas analysis [3],
mirrors used in astronomy [4-6], protective (e.g., biomedical, anticorrosive, and antimicrobial)
coatings [7], architectural glass coatings (e.g., to reflect heat while transmitting visible light) [8],
photovoltaic electricity generation [9,10], and a great many others.

There are also a great many routes to deposition of thin film materials, including electron beam
evaporation [11,12], ion beam sputtering [4,6,13,14], chemical vapour deposition (CVD) [7,15-18],
magnetron sputtering [19-21] and atomic layer deposition (ALD) [22,23].

As a result, thin film deposition continues to be a very active area of research and development.

This Special Issue contains 11 original research articles.

In their article, Hseih et al. [24] report on the effect of hydrogen dilution ratio (R = H,/SiHy4) on
the structure and optical performance of nano-crystalline hydrogenated silicon (nc-Si:H) thin films,
deposited by plasma-enhanced chemical vapour deposition (PECVD). They describe the process
by which the transition from the amorphous to nanocrystalline state can be controlled by careful
adjustment of R and suggest an optimal range of R = 30-40 to favour nc-Si:-H growth. This is likely to
be of great interest within the fields of photovoltaic energy generation and optoelectronics.

Schwinger et al. [25] discuss a novel, non-vacuum, liquid phase method of depositing thin
films of aluminium on spherical glass substrates, comparing the results to those obtained by a more
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conventional physical vapour deposition (PVD) process for reference. It is reported that reflectance
of solid micro glass spheres can be increased by around 30%, a comparable result to that achieved
using PVD.

This could have applications in, for example, road stripe paints and in mid-infrared reflective
interior architectural paints, which can potentially reduce energy usage for the heating of buildings.
Li et al. [26] describe a study carried out using metal-organic chemical vapour deposition (MOCVD) of
-GayOs films. They systematically explore the effects of oxygen:gallium ratio during deposition on
the structural and optical properties of the films, and on the growth rate; an optimum ratio for crystal
quality of 11.2 x 101 is established. This may be beneficial in a range of device fabrication applications.

In their paper, Sriubas et al. [27] utilise electron beam evaporation to deposit scandia-doped
zirconia and scandia-alumina co-doped zirconia thin films. XRD and Raman spectroscopy are used to
probe the structure of the films; the addition of aluminium dopant hinders the formation of the cubic
zirconia phase while stabilising it at temperatures >300 °C. Relations between substrate temperature,
crystallite size and ionic conductivity are presented. This work is likely to be of interest in fuel cell and
oxygen sensor development.

Lee et al. [28] investigate a novel variant of CVD as a fabrication method for durable
superhydrophobic coatings. This method allows the manufacture of such coatings at relatively
low temperatures and negates the requirement for substrate pre-treatment. The applicability to paper
and cotton fabric is also demonstrated. This class of material has many potential uses, including in
antifouling, water repellents and self-cleaning surfaces.

Stachiv and Gan [29] present a very interesting application of microcantilevers as typically used
in conventional atomic force microscopy (AFM), repurposed to facilitate measurement of Young’s and
shear moduli, Poisson’s ratio, and film density. This could have significance in ultrathin film analysis,
relevant in photovoltaic, optical, microelectronic and sensor applications.

In their paper, Tillmann et al. [30] discuss a combination of thermal spraying and PVD
(magnetron sputtering) for the manufacture of Ni/Ni-20Cr thin film thermocouples for use in process
monitoring of flat plastic film extrusion. Polypropylene foils of good surface quality are shown to be
producible using such devices, which are also highly stable in operation. This work demonstrates
that PVD-deposited thermocouples are a promising approach for automated manufacturing
process monitoring.

Zhang et al. [31] investigated the use of an oxygen ion beam to improve the performance
of magnesium fluoride (MgF,) as an optical coating layer in the visible, near infrared (NIR) and
mid-wavelength infrared (MWIR) spectral regions. They report that as oxygen flow increases, the film
density and refractive index increases; an MgO phase is formed within the MgF, matrix, with oxygen
filling F~ ionic vacancies. This hinders the combination of magnesium ions with hydroxyl groups
present in the atmosphere, and water adsorption is also decreased and thus reducing optical absorption
of the film in the infrared. This also, however, has the undesirable effect of increasing film stress
and weakening adhesion to the substrate. To circumvent this issue, the authors propose a solution
involving a very thin MgF, layer being deposited first, without ion assist, followed by a second oxygen
ion beam-assisted MgF; layer. MgF; is a commonly used material in optical coatings, particularly in
anti-reflection coatings, and so this research is likely to be of great interest in the optical coating field.

In their paper, Zhang et al. [32] propose a metal-insulator-metal structure, designed to operate as
a dual-function metalens. This metalens has a focal length of 5 um for x-polarisation and 15 um for
y-polarisation, and functions within the 750-850 nm waveband. The structure may also function as a
type of beam splitter. This is likely to be of interest within the field of metamaterials research.

In the area of tribological coatings research, Smolik et al. [33] investigate the effect of tungsten
doping of magnetron sputtered titanium diboride coatings. They report improvement of brittleness and
fracture toughness of such coatings by addition of tungsten in the range of 0-10% at. This has the effect of
changing the coating’s microstructure, from a typical columnar structure to a nanocomposite structure,
decreasing the energy of individual cracks during fracture testing and consequently increasing the
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fracture toughness. This could have many potential applications, including in armour manufacture,
wear-resistant coatings and cutting tools.

Finally, and staying on the topic of tribological coatings, Skordaris et al. [34] describe the reduction
in residual stresses in 5 um-thick nanocrystalline diamond coatings deposited on cemented carbide
insert tools, via an optimised annealing process. This results in an impressive enhancement of fatigue
strength and milling performance of such tools, increasing the components” service life by up to four
times that of a non-annealed coated tool. This is likely to be of great interest in diamond coating
research and industrial cutting applications.

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

Correction Statement: This article has been republished with a minor change. The change does not affect the
scientific content of the article and further details are available within the backmatter of the website version of this
article.

References

1. Papadopoulos, N.; Qiu, W.; Ameys, M.; Smout, S.; Willegems, M.; Deroo, F.; van der Steen, J.; Kronemeijer, A.J.;
Dehouwer, M.; Mityashin, A.; et al. Touchscreen tags based on thin-film electronics for the Internet of
Everything. Nat. Electron. 2019, 2, 606-611. [CrossRef] [PubMed]

2. Klee, M.; Beelen, D.; Keurl, W.; Kiewitt, R.; Kumar, B.; Mauczokl, R.; Reimann, K.; Renders, C.; Roest, A.;
Roozeboom, F.; et al. Application of Dielectric, Ferroelectric and Piezoelectric Thin Film Devices in
Mobile Communication and Medical Systems. In Proceedings of the 15th IEEE International Symposium
on the Applications of Ferroelectrics, Sunset Beach, NC, USA, 30 July—2 August 2006; Volume 2006,
pp. 9-16. [CrossRef]

3.  Fleming, L.; Gibson, D.; Song, S.; Li, C.; Reid, S. Reducing N,O induced cross-talk in a NDIR CO, gas
sensor for breath analysis using multilayer thin film optical interference coatings. Surf. Coat. Technol. 2018,
336, 9-16. [CrossRef]

4. Birney, R.; Steinlechner, J.; Tornasi, Z.; MacFoy, S.; Vine, D.; Bell, A.; Gibson, D.; Hough, J.; Rowan, S.;
Sortais, P.; et al. Amorphous Silicon with Extremely Low Absorption: Beating Thermal Noise in Gravitational
Astronomy. Phys. Rev. Lett. 2018, 121, 191101. [CrossRef] [PubMed]

5. Stefanov, T.; Vardhan, H.; Maraka, R.; Meagher, P; Rice, ].; Sillekens, W.; Browne, D. Thin film metallic glass
broad-spectrum mirror coatings for space telescope applications. J. Non Cryst. Solids X 2020, 7, 100050. [CrossRef]

6. Craig, K.; Steinlechner, J.; Murray, P.; Bell, A.; Birney, R.; Haughian, K.; Hough, J.; MacLaren, I;
Penn, S.; Reid, S.; et al. Mirror Coating Solution for the Cryogenic Einstein Telescope. Phys. Rev. Lett. 2019,
122,231102. [CrossRef]

7. Robertson, S.; Gibson, D.; MacKay, W.; Reid, S.; Williams, C.; Birney, R. Investigation of the antimicrobial
properties of modified multilayer diamond-like carbon coatings on 316 stainless steel. Surf. Coat. Technol.
2017, 314, 72-78. [CrossRef]

8.  Schaefer, C.; Bréauer, G.; Szczyrbowski, ]. Low emissivity coatings on architectural glass. Surf. Coat. Technol.
1997, 93, 37-45. [CrossRef]

9. Peumans, P; Uchida, S.; Forrest, S. Efficient bulk heterojunction photovoltaic cells using
small-molecular-weight organic thin films. Mater. Sustain. Energy 2010, 94-98. [CrossRef]

10. Fthenakis, V. Sustainability of photovoltaics: The case for thin-film solar cells. Renew. Sustain. Energy Rev.
2009, 13, 2746-2750. [CrossRef]

11. Duyar, O.; Placido, F.; Durusoy, H.Z. Optimization of TiO, films prepared by reactive electron beam
evaporation of TizOs. J. Phys. D Appl. Phys. 2008, 41, 9. [CrossRef]

12.  Song, S.; Keating, M.; Chen, Y.; Placido, F. Reflectance and surface enhanced Raman scattering (SERS) of
sculptured silver films deposited at various vapor incident angles. Meas. Sci. Technol. 2012, 23, 8. [CrossRef]

13. Lappschies, M.; Gortz, B.; Ristau, D. Application of optical broadband monitoring to quasi-rugate filters by
ion-beam sputtering. Appl. Opt. 2006, 45, 1502-1506. [CrossRef] [PubMed]

14. Stewart, A.; Lu, S.; Tehrani, M.; Volk, C. Ion Beam Sputtering of Optical Coatings. In Proceedings of the SPIE
2114, Laser-Induced Damage in Optical Materials, Boulder, CO, USA, 27-29 October 1993. [CrossRef]


http://dx.doi.org/10.1038/s41928-019-0333-z
http://www.ncbi.nlm.nih.gov/pubmed/31872176
http://dx.doi.org/10.1109/ISAF.2006.4387821
http://dx.doi.org/10.1016/j.surfcoat.2017.09.033
http://dx.doi.org/10.1103/PhysRevLett.121.191101
http://www.ncbi.nlm.nih.gov/pubmed/30468587
http://dx.doi.org/10.1016/j.nocx.2020.100050
http://dx.doi.org/10.1103/PhysRevLett.122.231102
http://dx.doi.org/10.1016/j.surfcoat.2016.11.035
http://dx.doi.org/10.1016/S0257-8972(97)00034-0
http://dx.doi.org/10.1142/9789814317665_0015
http://dx.doi.org/10.1016/j.rser.2009.05.001
http://dx.doi.org/10.1088/0022-3727/41/9/095307
http://dx.doi.org/10.1088/0957-0233/23/8/084007
http://dx.doi.org/10.1364/AO.45.001502
http://www.ncbi.nlm.nih.gov/pubmed/16539256
http://dx.doi.org/10.1117/12.180878

Coatings 2020, 10, 1228 4o0f4

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Birney, R.; Cumming, A.; Campsie, P; Gibson, D.; Hammond, G.; Hough, J.; Martin, I.; Reid, S.;
Rowan, S.; Song, S.; et al. Coatings and surface treatments for future gravitational wave detectors.
Class. Quantum Gravity 2017, 34, 235012. [CrossRef]

Larsen, M. Chemical Vapour Deposition of Large Area Graphene. Ph.D. Thesis, Danmarks Tekniske
Universitet (DTU Nanotech), Lyngby, Danmark, 2015. Available online: https://orbit.dtu.dk/files/110881784/
PhD_thesis_Martin_Benjamin_Larsen.pdf (accessed on 11 December 2020).

Mackenzie, D.; Buron, J.; Whelan, P; Jessen, B.; Silajdzi¢, A.; Pesquera, A.; Centeno, A.; Zurutuza, A.;
Boggild, P.; Petersen, D. Fabrication of CVD graphene-based devices via laser ablation for wafer-scale
characterization. 2D Mater. 2015, 2, 045003. [CrossRef]

Faller, F; Hurrle, A. High-temperature CVD for crystalline-silicon thin-film solar cells. IEEE Trans.
Electron. Devices 1999, 46, 10. [CrossRef]

Ponon, N.; Appleby, D.; Arac, E.; King, P; Ganti, S.; Kwa, K.; O'Neill, A. Effect of deposition conditions
and post deposition anneal on reactively sputtered titanium nitride thin films. Thin Solid Film. 2015,
578,31-37. [CrossRef]

Vajente, G.; Birney, R.; Ananyeva, A.; Angelova, S.; Asselin, R.; Baloukas, B.; Bassiri, R.; Billingsley, G.;
Fejer, M.; Gibson, D.; et al. Effect of elevated substrate temperature deposition on the mechanical losses in
tantala thin film coatings. Class. Quantum Gravity 2018, 35, 7. [CrossRef]

Mazur, M.; Wojcieszak, D.; Domaradzki, J.; Kaczmarek, D.; Song, S.; Placido, F. TiO,/SiO, multilayer
as an antireflective and protective coating deposited by microwave assisted magnetron sputtering.
Opto Electron. Rev. 2013, 21, 233-238. [CrossRef]

Johnson, R.; Hultqvist, A.; Bent, S. A brief review of atomic layer deposition: From fundamentals to
applications. Mater. Today 2014, 17, 236-246. [CrossRef]

George, S. Atomic Layer Deposition: An Overview. Chem. Rev. 2010, 110, 111-131. [CrossRef]

Hsieh, Y.; Kau, L.; Huang, H.; Lee, C.; Fuh, Y,; Li, T. In Situ Plasma Monitoring of PECVD nc-Si:H Films and
the Influence of Dilution Ratio on Structural Evolution. Coatings 2018, 8, 238. [CrossRef]

Schwinger, L.; Lehmann, S.; Zielbauer, L.; Scharfe, B.; Gerdes, T. Aluminium Coated Micro Glass Spheres to
Increase the Infrared Reflectance. Coatings 2019, 9, 187. [CrossRef]

Li, Z.; Jiao, T.; Hu, D.; Lv, Y,; Li, W,; Dong, X.; Zhang, Y.; Feng, Z.; Zhang, B. Study on (3-Ga;O3 Films Grown
with Various VI/III Ratios by MOCVD. Coatings 2019, 9, 281. [CrossRef]

Sriubas, M.; Kainbayev, N.; Virbukas, D.; Bo¢kuté, K.; Rutkfiniené, 7.; Laukaitis, G. Structure and Conductivity
Studies of Scandia and Alumina Doped Zirconia Thin Films. Coatings 2019, 9, 317. [CrossRef]

Lee, H.; Kim, H,; Lee, J.; Kwak, J. Fabrication of a Conjugated Fluoropolymer Film Using One-Step iCVD
Process and its Mechanical Durability. Coatings 2019, 9, 430. [CrossRef]

Stachiv, I.; Gan, L. Simple Non-Destructive Method of Ultrathin Film Material Properties and Generated
Internal Stress Determination Using Microcantilevers Immersed in Air. Coatings 2019, 9, 486. [CrossRef]
Tillmann, W.; Kokalj, D.; Stangier, D.; Schoppner, V.; Malatyali, H. Combining Thermal Spraying and
Magnetron Sputtering for the Development of Ni/Ni-20Cr Thin Film Thermocouples for Plastic Flat Film
Extrusion Processes. Coatings 2019, 9, 603. [CrossRef]

Zhang, G.; Fu, X;; Song, S.; Guo, K.; Zhang, . Influences of Oxygen Ion Beam on the Properties of Magnesium
Fluoride Thin Film Deposited Using Electron Beam Evaporation Deposition. Coatings 2019, 9, 834. [CrossRef]
Zhang, Y.; Yang, B,; Liu, Z.; Fu, Y. Polarization Controlled Dual Functional Reflective Planar Metalens in
Near Infrared Regime. Coatings 2020, 10, 389. [CrossRef]

Smolik, J.; Kacprzynska-Golacka, J.; Sowa, S.; Piasek, A. The Analysis of Resistance to Brittle Cracking of
Tungsten Doped TiB, Coatings Obtained by Magnetron Sputtering. Coatings 2020, 10, 807. [CrossRef]
Skordaris, G.; Kotsanis, T.; Boumpakis, A.; Stergioudi, F. Improvement of the Interfacial Fatigue Strength and
Milling Behavior of Diamond Coated Tools via Appropriate Annealing. Coatings 2020, 10, 821. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

® © 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1088/1361-6382/aa9354
https://orbit.dtu.dk/files/110881784/PhD_thesis_Martin_Benjamin_Larsen.pdf
https://orbit.dtu.dk/files/110881784/PhD_thesis_Martin_Benjamin_Larsen.pdf
http://dx.doi.org/10.1088/2053-1583/2/4/045003
http://dx.doi.org/10.1109/16.791995
http://dx.doi.org/10.1016/j.tsf.2015.02.009
http://dx.doi.org/10.1088/1361-6382/aaad7c
http://dx.doi.org/10.2478/s11772-013-0085-7
http://dx.doi.org/10.1016/j.mattod.2014.04.026
http://dx.doi.org/10.1021/cr900056b
http://dx.doi.org/10.3390/coatings8070238
http://dx.doi.org/10.3390/coatings9030187
http://dx.doi.org/10.3390/coatings9050281
http://dx.doi.org/10.3390/coatings9050317
http://dx.doi.org/10.3390/coatings9070430
http://dx.doi.org/10.3390/coatings9080486
http://dx.doi.org/10.3390/coatings9100603
http://dx.doi.org/10.3390/coatings9120834
http://dx.doi.org/10.3390/coatings10040389
http://dx.doi.org/10.3390/coatings10090807
http://dx.doi.org/10.3390/coatings10090821
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

