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About

The RSD conference
The International Conference on Reactive Sputter Deposition wasestablished in Ghent in the year 2000. It provides a platformamong leading international scientists, engineers and students todiscuss recent achievements in reactive sputter deposition andthin films. The Conference has developed to an annual tradition,steadily growing without loosing its focus on reactive sputteringand its fundamental aspects. The symposium covers the produc-tion and use of coatings, from basic research to devices and newapplications.
DRAFT
RSD2024 is organized by the research group DRAFT. Our missionstatement of the research group DRAFT (Dedicated Research onAdvanced Films and Targets) reads "At DRAFTwewant to becomethe recognized leader in the understanding of thin film growthby reactive magnetron sputtering and to enjoy research by ex-periments and simulations.” More information on this researchgroup can be found on www.draft.ugent.be
Code of Conduct
By registering for and attending RSD2024 we all agree to conductourselves in a professional manner.
We will respect everyone regardless of their age, race, religion,ethnicity, sexual orientation, gender identity, gender expression,marital status, nationality, political affiliation, health, caring re-sponsibilities, physical appearance, disability or educational back-ground. Furthermore, we will also avoid language and behaviorwhich reinforces discrimination or repression based on any ofthese attributes.
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We will refrain from any form of discrimination, harassment orretaliation. This can include intimidating behavior or language,inappropriate jokes or comments, unwanted attention, stalkingor the display of offensive images.
If you feel unhappy or uncomfortable with the conduct of othersat RSD2024, please contact any of the organizers. Your commentswill be taken seriously and acted upon in confidence. If you do nottreat others with the respect and tolerance that we all deserve,you may be asked to leave.
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Our venue

Saint Peter’s Abbey (Dutch: Sint-Pietersabdij) is a former Bene-dictine abbey in Ghent, Belgium, now a museum and exhibitioncenter. History
Saint Peter’s was founded in the late 7th century by Amandus, amissionary sent by the Frankish kings to Christianize the paganinhabitants of the region, who founded two monasteries in thearea, St. Bavo’s, and Saint Peter’s on the Blandijnberg. Duringthe winter of 879-80, the abbey was raided and plundered bythe Normans, and it remained relatively poor until the 10th cen-tury, when donations of property and relics by Count Arnulf Iconsiderably enriched it, as did further donations by Elthruda,the niece of King Alfred, who donated in 918, St. Mary’s Churchin Lewisham, Greenwich and by Arnulf’s cousin King Edgar ofEngland. By the second half of the century it was the wealthi-est abbey in Flanders, and the reputation of the abbey schoolextended far beyond the town.
In 984, Gerbert of Aurillac, director of thecathedral school of Reims, (later Pope SylvesterII) inquiredwhether students fromReims couldbe admitted to Saint Peter’s, and its renown asa center of artes liberales continued into the11th century. Saint Peter’s, through its ownership of large tractsof land, also played a pioneering role in cultivation during thetwelfth and thirteenth centuries, transforming forests, moorsand marshes into farmland. In the fifteenth century a large scaleprogram of construction created the abbey library and scripto-rium, enlarged the refectory, and the abbey church and otherbuildings were considerably beautified.
Saint Peter’s first decline began following the Revolt of Ghentin 1539, and by the 1560s the Low Countries were plunged in areligious crisis that resulted in an attack by iconoclasts in 1566in which the abbey church was wrecked, the library looted, and
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other buildings badly damaged. The infirmary was pressed intoservice as a temporary home for the monks and the refectoryused as a place of worship. However opposition continued andin 1578 the abbot and monks were forced to flee to Douai. Theabbey buildings were sold at public auction and were partly de-molished, the materials being used to construct the city walls.The abbey finally came back into the hands of the church in1584, and it was eventually rebuilt, with a new abbey church,begun in 1629, in the Baroque style, as well as several other newbuilds and refurbishments. During the 18th century, the abbeywas once again flourishing, as new buildings were constructedand older ones enlarged, including the conversion of the olddormitory into a library with more than ten thousand books.However, the end was not far off, first withthe Brabant Revolution of 1789–90, then theFrench invasion of 1793. Finally, on 1 Septem-ber 1796, the Directory abolished all religiousinstitutions. In 1798 the library was emptiedand eventually taken to Ghent University. From 1798 the abbeychurch was used as a museum, but was returned to the own-ership of the church in 1801 and renamed Onze-Lieve-Vrouw-Sint-Pieterskerk ("Our Lady of Saint Peter’s Church"). In 1810,the rest of the abbey became the property of the city of Ghent,and was partially demolished for the construction of a militarybarracks, which remained on the site until 1948. Around 1950the city launched a program of restoration, which is still ongoing,which began with the cloister and chapter house, then the westwing, including the old refectory and kitchens. Work on the winecellars and attics was completed in the 1970s, and in 1982 workon the abbey gardens was completed, and in 1986 the terrace.In the 1990s restoration of the refectory wing began.
The abbey is now used as a museum and exhibition centre, whichin 2000 housed a major exhibition as part of the Year of EmperorCharles, and in October 2001 hosted the 88th meeting of theEuropean Council1.

1Text taken from Wikipedia. Pictures kindly received from Marketing en
zalenverhuur – Historische Huizen Gent
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Timetable

CT: Contributed Talk, IT: Invited Talk.
Thursday, December 12th

8:30–8:55 Registration

8:55–9:00 Welcome remarks

9:00–9:50 IT T. MineaUniversitéParis-Saclay
Plasma behavior inpulsed magnetrons andnew trends for plasmaexcitation9:50–10:20 Coffee break

firstsession Microstructural and textural control

10:20–11:10 IT N. MartinFEMTO-ST
Structuring of thin filmscombining reactive gaspulsing and GLAD

11:10–11:30 CT
J. MüllerUniversity ofNamur

In silico optimization ofreactively sputteredmeso-poroustitanate-based thin filmsby genetic algorithm
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11:30–11:50 CT
K. SolankiUniversité dePoitiers

Real-time growthmonitoring of ultrathinAg layers: impact of N2additives and seed layerson morphologicalevolution

11:50–12:10 CT
T. SuszkoKoszalin Universityof Technology

MeMC/a-C:H typecoatings withnanocolumnar,composite structure-synthesis and someproperties12:10–12:40 Presentation of the posters–first group

12:40–13:50 Lunch

13:50–14:25 Presentation of the posters:second group

14:25–14:45 CT S. FrickEMPA
Accelerating oxynitridecoating development:Combinatorialinvestigation on theAl-Si-O-N system

14:45–15:05 CT F. FarahaniGhent University
Do impurities have aninfluence on the phasecomposition of depositedtungsten films?
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Secondsession Emerging techniques

15:05–15:55 IT A. ShukurovCharlesUniversity
Reactive sputter-drivensynthesis of transitionmetal nanoparticles andnanofluids15:55–16:25 Coffee break

16:25–16:45 CT
P. BarochUniversity ofWest-Bohemia

High-rate reactivelysputtered Cu2O thin filmspost-treated withhigh-power infrared laser
16:45–17:05 CT C. SchiffersCemeCon AG

HiPIMS coatings forsub-micro tools for AIapplications
17:05–17:25 CT

P. VašinaMasarykUniversity
Exploring differentmodels of operation ofmultipulse HiPIMS19:30–22:30 Conference dinner
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Session: Poster presentations I
12:10–12:15 P D. LochTrumpf HüttingerGmbH

Silicon Dioxide Coatingsby Reverse Pulse HIPIMS

12:15–12:20 P M. AkagawaGhent University
Real-time in-situ sheetresistance measurementsto study silver thin filmnucleation duringmagnetron sputtering

12:20–12:25 P F. LourensRuhr UniversityBochum

Exploring EngineeredArtificial Minerals forLithium Recovery fromRecycling Slags: Insightsfrom Thin FilmExperiments
12:25–12:30 P

J. MüllerFraunhoferInstitute forMechanics ofMaterials
Reactive SuperimposedHiPIMS / RF Deposition

12:30–12:35 P N. RodkeyEmpa
Accurate Reporting ofTime-of-FlightMeasurements withGated MassSpectrometry

12:35–12:40 P M. AelbrechtSoleras AdvancedCoatings

New thermal sprayceramic NiOx(CrOx)targets for sputteringfunctional layers in low-Eglass coatings
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Session: Poster presentations II

13:50–13:55 P P. MarxRuhr UniversityBochum

Combinatorial SputterSynthesis andCharacterization of(La-)Co-based Thin-FilmSpinel and PerovskiteMaterials Libraries

13:55–14:00 P E. DobruchowskaKoszalin Universityof Technology

NiMo-C coatingssynthesised by reactivemagnetron sputtering asa catalyst for thehydrogen evolutionreaction in an acidicenvironment

14:05–14:10 P E. StrodsUniversity of Latvia

Optical andphotochromic propertiesof yttrium oxyhydridethin films deposited byreactive magnetronsputtering
, 14:10–14:15 P A. le FebvrierLinköpingUniversity

Embedding FeNanoparticles into CrNFilms For enhancingthermoelectric properties
14:15–14:20 P

O. BruneTechnicalUniversity ofMunich

Enhancing ChargeTransport in Metal(Oxy-)Nitrides for EfficientSolar Fuel Generation
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14:20–14:25 P J. EllingfordPlasma Quest Ltd
Conformal Coverage ofComplex Topographies ina Reactive Process usingRemote PlasmaSputtering
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Korvus Technology Ltd.                       

Unit 1 Barnes Wallis Court  

Cressex Business Park www.korvustech.com 

Wellington Road 

High Wycombe, HP12 3PS 

United Kingdom   

Korvus Technology Ltd  

 

Korvus Technology manufacture completely 

modular PVD systems. Their product range 

is called “the HEX Series”, with each 

chamber having six detachable side panels, 

as well as top and bottom panels. 

This style of chamber design o/ers users 

immense flexibility. Users can begin with a 

very simple chamber and add further 

deposition sources later. They can also add 

customisations from third-party suppliers. 

They key di/erence is that any of these 

modifications can be added after purchase- 

the HEX Series are “future-proof”. 
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CT: Contributed Talk, IT: Invited Talk.
Friday, December 13th

Thirdsession Energy applications and process control
9:00–9:50 IT P. EklundUppsala University Thin film ceramics forEnergy Applications

9:50–10:10 CT
L.I. WagnerTechnicalUniversity ofMunich

Engineering Ti-dopedTa3N5 Photoanodes viaReactive MagnetronCo-Sputtering forEnhanced Solar FuelApplications
10:10–10:30 CT T. KubartUppsala University

Superconducting NbNthin films deposited byreactive magnetronsputtering10:30–11:00 Coffee break

11:00–11:20 CT L. Maroto-DiazGencoa Ltd.
The study of defectreduction in opticalcoatings produced usingreactive process feedbackcontrol

11:20–11:40 CT J. Van BeverGhent University
How to convergefeedback control andmeasure doublehysteresis?
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11:40–12:00 CT
K. ChoglayManchesterMetropolitanUniversity

Exploring the Linkbetween Plasma GasSpeciation and theproperties of TiOxNy ThinFilms12:00–13:30 Lunch

Fourthsession Smart sensing and complex coatings

13:30–14:20 IT F. VazUniversity Minho
Specially architecturedthin films for sensingapplications

14:20–14:40 CT
A. CrovettoTechnicalUniversity ofDenmark

Phosphide andphosphosulfide thin filmsby reactive sputtering

14:40–15:00 CT
P. KellyManchesterMetropolitanUniversity

Deposition of BiVO4 ThinFilms by ReactiveMagnetron Co-Sputteringfor Visible LightPhotoelectrochemicalWater Splitting15:00–15:20 CT D. DeplaGhent University The future of RSD andreactive sputtering15:20–15:30 Closing ceremony
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Plasmabehavior in pulsedmagnetron andnew trends
for plasma excitation

T. Minea1 IT

1Laboratoire de Physique des Gaz et des Plasmas, Université Paris-Saclay,Orsay, Francetiberiu.minea@universite-paris-saclay.fr
High-Power Impulse Magnetron Sputtering (HiPIMS) is a mature tech-nology that has been effectively transferred to the industry. Since itsearly stage at the end of the previous century, the understanding ofHiPIMS plasma behavior has significantly advanced [1].
The first part of the talk will present a review of HiPIMS plasma physicsas it emerges from the modeling backed by the experimental results.Both reactive and non-reactive cases will be treated.
In the second part, several novel ways to excite the plasma (multi-pulse,e-HiPIMS (Electron enhanced – HiPIMS) [2], and Hyper-Power ImpulseMagnetron – HyPIM [3,4]), together with their specific parameters, willbe introduced, essentially for the plasma species facing the substrate.This key information is of major importance for controlling thin filmproperties.
Throughout several examples (5-7), wewill show how to tailor ultra-thinfilms, taking the benefit of mastering the HiPIMS technology.
References

[1] D. Lundin, T.Minea, J. T. Gudmundsson, Editors – High Power ImpulseMagnetron Sputtering: Fundamentals, Technologies, Challenges andApplications - 1st Edition, ISBN: 9780128124543, Elsevier, 2020[2] J. Zgheib, L. Berthelot, J. Tranchant, N. Ginot, M-P. Besland, A. Caillard,T. Minea, A. Rhallabi, and P-Y. Jouan, J. Vac. Sci. Technol. A 41, 063003(2023); doi: 10.1116/6.0002857[3] E. Morel, T. Minea, Y. Rozier, Euro. Phys. Lett. (EPL) 138 (2022) 24001;doi:10.1209/0295-5075/ac2e2b[4] E. Morel, A. El Farsy, Y. Rozier, T. Minea, Plasma Sources Sci. Technol.33 (2024) 105005; doi: 10.1088/1361-6595/ad7ef8[5] Â. E Crespi et al., ACS Applied ElectronicMaterials, 4(2) (2022) 576-584;doi: 10.1021/acsaelm.1c00520
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[6] F. Cemin, G. Abadias, T. Minea, D. Lundin, Thin Solid Films 688 (2019)137335 doi: 10.1016/j.tsf.2019.05.054[7] F. Cemin, D. Lundin, C. Furgeaud, A. Michel, G. Amiard, T. Minea, andG. Abadias, Scientific Reports 7 (2017) 1655 ; doi:10.1038/s41598-017-01755-8
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Structuring of thin films combining reactive gas puls-
ing and GLAD

N. Martin1 IT

1 Institut FEMTO-ST, 15B, avenue des montboucons, 25030 BESANCON Cedex,Francenicolas.martin@femto-st.fr
The GLancing Angle Deposition (GLAD) is a recent technique to playwith the structure of thin films [1]. It was successfully developed to sput-ter deposit thin films exhibiting original architectures. This approachemploys oblique angle deposition and controlled substrate motionto form a film composed of nanometer scaled columns of designedshape. It allows the growth of compounds with a carefully engineeredstructure at the sub-micron scale. Thus, various forms (zigzags, spirals,oriented columns and so on) through the film thickness can be pro-duced, which give rise to new geometries of the film structure [2,3].On the other hand, the Reactive Gas Pulsing Process (RGPP) is also arecent method to control the amount of reactive gas injected duringthe film deposition, and finally to play with the nature of the depositedmaterial [4,5].This presentation aims at illustrating how physical properties and aniso-tropic behaviors thin films based-on metals, oxides, nitrides and oxyni-trides prepared by sputtering can be modified involving RGPP, or GLAD,or even by combining simultaneously these two techniques RGPP +GLAD. The basic principle of these "young" techniqueswill be presentedin terms of key parameters and reachable architectures. Some charac-teristics of as-deposited thin films will be discussed especially showingthe correlations between the dimensions, shapes and geometries ofproduced architectures and the resulting properties. The achievementof Janus-like structures ofmetals (W-Mo,W-Cu, Ti-Ag,. . .), periodicmul-tilayers or other original designs will be discussed. Finally, anisotropicbehaviors in terms of optic, electronic and acoustic properties of thesestructured thin films will also be pointed out.
References

[1] Robbie, K. et al., J. Vac. Sci. Technol. A15(3) (1997) 1460[2] Hawkeye, M.M. et al. Glancing Angle Deposition of Thin Films – Engi-neering the Nanoscale, John Wiley & Son Ltd., West Sussex (2014)
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[3] Barranco, A. et al., Prog. Mater. Sci. 76 (2016) 59[4] Martin, N. et al., French Patent (2008)[5] Martin, N. et al., Thin Solid Films 796 (2024) 140340
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In silico optimization of reactively sputtered meso-
porous titanate-based thin films by genetic algorithm
J. Müller1,3, P. Moskovkin1,3, A.G. El Hachimi1, S. Lucas1,3, R.
Adalati2, S. Konstantinidis2 CT

1 University of Namur, Namur Institute of Structured Matter (NISM), LARN,Namur, Belgium
2 University of Mons, Mons, Belgium
3 Innovative Coating Solutions - ICS, Forville, Belgiumjerome.muller@unamur.be
Glancing Angle Deposition (GLAD) combined with reactive magnetronsputtering can be a method of choice where film structure must becontrolled at the nanoscale for improved material performance. Onepromising application is the fabrication of nanostructured (Lithium)Titanate-based thin film anodes in the domain of Lithium-ion batteries.

Figure 1: Flowchart of PVD process optimization by genetic algorithm.
In this work, we are investigating meso-porous thin films depositedby reactive magnetron sputtering process in GLAD mode. The aim isto show how the structuration of such coatings can be optimized tomaximize their air-connected surfaces while keeping the pores sizein a range of 2-50 nm. The deposition process is modelled by usingthe kinetic Monte-Carlo software Virtual Coater, allowing to simulatethe complete sputtering process, from the design of the coater to theatomic-scale film growth simulation and film characterization.
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For this purpose, this digital twin has been directly integrated to anoptimization scheme which uses multi-objective genetic algorithm (Fig-ure 1).
A special attention is paid to the influence of the coater configura-tion and typical deposition parameters (power, pressure,· · · ) on thestructural properties of the coating. This approach allows to reducesubstantially the R&D time which is necessary to find optimal processparameters.
This research was supported by a project of the Walloon Region’s (Belgium)Recovery Plan entitled "BatFactory".
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Real-time growth monitoring of ultrathin Ag layers:
impact of N2 additives and seed layers on morpho-
logical evolution

K. Solanki1, G. Abadias1, F. Pailloux1, A. Michel1, K. Dussaillant1,
D. Babonneau1 CT

1Université de Poitiers, CNRS, Institut Pprime, Poitiers, Francekaran.solanki@univ-poitiers.fr
Ultrathin continuous silver (Ag) filmswith thickness belowa fewnanome-ters are interesting candidates for use as transparent conductive layersin flexible optoelectronic devices [1], because of several benefits suchas low-cost production, high electrical and thermal conductivity, highoptical transmittance in the visible range, and high ductility. However,Ag layers deposited by ‘conventional’ physical vapor deposition onweakly interacting (oxide) substrates have natural tendency to formthree-dimensional nanoscale islands, which yield layers with roughsurface morphology, high resistivity and broad absorption bands inthe visible range due to the excitation of localized surface plasmons[2]. Deployment of gaseous additives during magnetron sputtering(MS) deposition or use of seed layers have been shown to be effectivepaths for promoting wetting of Ag on the substrate surface, resultingin the formation of a continuous layer at a lower nominal Ag thickness,without compromising the Ag-layer optoelectronic properties [3].
In the present work, we discuss the overall experimental strategy anddemonstrate the way by which N2 gas additives and seed layers suchas Silicon (Si) and Silicon Nitride (Si3N4) affect the growth morphol-ogy of the film. In particular, information on the early stages, such aspercolation threshold and onset of film continuity, are gained froma combination of in situ and real-time diagnostics during MS deposi-tion, using Magnification Inferred Curvature and Surface DifferentialReflectance Spectroscopy. Furthermore, the stability of these ultrathinAg films is examined by studying relaxation processes after short-timegrowth interruptions as well as long-term aging. These investigationsare augmented by ex situ characterizations by transmission electronmicroscopy, X-ray diffraction, spectrophotometry, spectroscopic ellip-sometry, and electrical resistivity measurements.
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We show that in pure Ar discharge, continuous layers are formed atnominal thicknesses of 6 nm and 11.5 nm for Ag films grown on Si andSi3N4 layers, respectively, which occurs considerably earlier than forAg deposition on SiO2. Moreover, for Ag deposition on both SiO2 andSi3N4, our results show that the continuity thickness can be furtherdecreased when N2 is introduced in the plasma. The presence of N2also reduces post-growth relaxation effects and enables to produce Agfilms with high optical transparency and low electrical resistivity.
Acknowledgments: This work is part of the IRMA project funded by theANR and DFG (reference ANR-21-CE09-0041-01). and LABEX INTERACT-IFS (reference ANR-11-LABX-0017-01)
References

[1] J. Yun. Ultrathin metal films for transparent electrodes of flexible opto-electronic devices. Advanced Functional Materials 27 (2017) 1606641doi: 10.1002/adfm.201606641[2] K. Sarakinos, D. Babonneau, J. Ramade, Y. Robin, K. Solanki, K.Mizohata,V. Tuboltsev, N. Pliatsikas, B. Krause, G. Abadias. Unravelling the effectof nitrogen on the morphological evolution of thin silver films onweakly-interacting substrates. Applied Surface Science 649 (2024)159209 doi: 10.1016/j.apsusc.2023.159209[3] A. Jamnig, N. Pliatsikas, M. Konpan, J. Lu, T. Kehagias, A. Kotanidis,N. Kalfagiannis, D. Bellas, E. Lidorikis, J. Kovac, G. Abadias, I Petrov, J.Greene, K. Sarakinos. 3D-to-2D morphology manipulation of sputter-deposited nanoscale silver films on weakly interacting substrates viaselective nitrogen deployment for multifunctional metal contacts. ACSApplied Nano Materials 3 (2020) 4728-4738 doi: 10.1021/acsanm.0c00736
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MeMC/a-C:H type coatings with nanocolumnar, com-
posite structure – synthesis and some properties
T. Suszko1, W. Gulbiński1, E. Dobruchowska1, G. Greczynski2, J.
Morgiel3, K. Załęski4, V. Lapitskaya5 CT

1 Koszalin University of Technology, ul. Śniadeckich 2, Koszalin 75-453, Poland
2 Department of Physics (IFM), Linköping University, 581 83 Linköping, Sweden
3 Institute of Metallurgy and Materials Sciences, Polish Academy of Science,ul. Reymonta 25, Kraków 30-059, Poland
4 NanoBioMedical Centre, AdamMickiewicz University, ul. Wszechnicy Pias-towskiej 3, 61-614 Poznań, Poland
5 A.V. Luikov Heat and Mass Transfer Institute of NAS of Belarus, 15 P. BrovkaStreet, Minsk, Belarustomasz.suszko@tu.koszalin.pl
As a result of reactive magnetron sputtering metallic targets in ar-gon/acetylene atmosphere, carbon-oversaturated multicomponentMeMC/a-C:H coatingswere synthesised. They have a specific nanocolum-nar, composite structure consisting of quasiamorphousmetallic columnswith diameter of several nanometres surrounded by a layer of amor-phous carbon (cf. Figure 1).

Figure 1: HRTEM images of the FeCrNiC/a-C:H coating containing 44 at.%carbon, in (a) cross-section and (b) plan-view with respect to the substratesurface.
This structurewas observed for four systems: FeCrNiC/a-C:H, CoCrMoC/a-C:H, NiCrC/a-C:H and NiMoC/a-C:H [1–4]. The details of the synthesiswill be discussed, including reports from other authors [5,6]. The role ofweak and strong carbide-forming elements in the synthesis [7,8] as wellas selected properties of the deposited coatings will also be discussed.
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References

[1] Suszko, T. et al. Scr. Mater. 136 (2017) 24–28 doi: 10.1016/j.scriptamat.2017.03.040[2] Suszko, T. et al. Surf. Coatings Technol. 378 (2019) 124910 doi: 10.1016/j.surfcoat.2019.124910[3] Suszko, T. et al. Appl. Surf. Sci. 591 (2022) 153134 doi: 10.1016/j.apsusc.2022.153134[4] Suszko, T. et al. ACS Appl. Mater. Interfaces (2024). Under review[5] El Mel, A.A. et al. Carbon 49 (2011) 4595–4607 doi: 10.1016/j.carbon.2011.06.001[6] Wang, F.L. et al. Appl. Phys. Lett. 83 (2003) 2423–2425 doi: 10.1063/1.1610813.[7] Trindade, B., Vieira, M. Sci. Eng. A 352 (2003) 195–201 doi: 10.1016/S0921-5093(02)00865-1[8] Jansson, U., Lewin E. Thin Solid Films 536 (2013) 1–24 doi: 10.1016/j.tsf.2013.02.019
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Accelerating oxynitride coating development: Com-
binatorial investigation on the Al-Si-O-N system
S. Frick1, A. Wieczorek1, K. Thorwarth1, O. Pshyk1, A. Müller2,
S. Siol1 CT

1Empa, Swiss Federal Laboratories for Materials Science and Technology, Ue-berlandstrasse 129, 8600 Dübendorf, Switzerland
2Laboratory of Ion Beam Physics, ETH Zurich, Otto-Stern-Weg 5, 8093 Zurich,SwitzerlandStefanie.frick@empa.ch
The material class of oxynitrides features promising candidates for vari-ous application fields, including photocatalysts, pigments, phosphors,high k-dielectrics or wear resistant coatings [1-2]. In order to acceler-ate the optimization of the composition for the respective application,combinatorial materials science is a commonly applied method. In caseof the magnetron sputtering technique, the composition screeningis in literature mainly limited to cation gradients. Since oxynitrides’properties are especially dependent on the oxygen-to-nitrogen ratio,the controlled deposition of anion gradients – perpendicular to a cationgradient – should accelerate the development of complex quaternaryoxynitride systems significantly. In this work, three different approachesto obtain gradients in the oxygen-to-nitrogen ratio were investigated,including varying local gas inlets and target configurations, and theirapplicability was evaluated.
As an application case, the Al-Si-O-N system was chosen as a promis-ing candidate for protective optical coatings due to the presence of ananocomposite phase [3] and the tuneability of the refractive indexvia the oxygen-to-nitrogen ratio [4]. Therefore, thin film combinato-rial libraries were deposited via reactive Hybrid Al-HiPIMS/Si-DCMS.Applying the most successful technique for controllable anion gradi-ents, five depositions were sufficient to screen simultaneously an anioncontent of 1-45% O/(N+O) and a cation content of 5-40% Si/(Al+Si). Sub-sequently, those combinatorial libraries were comprehensively charac-terized using high-throughput procedures of XPS, XRD, UV-vis photo-spectrometry and nanoindentation. The refractive index was obtainedfrom UV-vis transmission spectra applying the envelop method accord-ing to Swanepoel [5] revealing a span of 1.80-2.03 in the investigated
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composition range. Corresponding hardness values varied between 11and 25 GPa. The comprehensive data sets allow for deeper insight intothis complex material system by correlating the target properties tocompositional, structural and charge transfer characteristics.
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Do impurities have an influence on the phase com-
position of deposited tungsten films?

F. Farahani1, D. Depla1 CT

1Department of Solid State Sciences, Ghent University, Krijgslaan 281, S1,Ghent, BelgiumFarazaneh.Farahani@UGent.be
This study investigates the phase composition and texture evolutionof magnetron sputter deposited tungsten (W) thin films [1]. Using X-ray diffraction (XRD) analysis, two distinct phases were observed: themetastable β-W phase, associated with (200) and (210) Bragg reflec-tions, and the thermodynamically stable α-W phase, characterized bythe (110) reflection. To understand how deposition conditions affectW-phases, thin films with varying thicknesses (50–200 nm) on Si (100)substrates were deposited in a high-vacuum magnetron sputteringsystem changing the argon pressure (0.3-0.7 Pa) and discharge power(50-250 W). To explore the role of impurities, series of 200 nm thickfilms were deposited in two separate vacuum chamber at three dif-ferent base pressures: 3×10-3, 4×10-4, and 3×10-5 Pa. Residual gasanalysis (Extorr XT Series RGA) shows that the most abundant gas iswater. Based on the deposition rate and the residual gas pressure, theflux ratio τ between the flux of impurities and deposited W atomswas determined. The results indicate that impurities do not define thephase composition of W films (Figure 1a). The same data shows thathigher discharge power shifts the phase composition significantly to-wardsα-W. Additional experiments demonstrate a clear transition from
β-W to α-W with increasing film thickness while hardly any influenceof the argon pressure was observed.
As mainly the discharge power seems to influence the phase composi-tion, energy flux measurements were conducted using a calorimetricprobe. This rules out a temperature driven mechanism. Using simu-lations [2,3], the phase composition could be connected to the mo-mentum of reflected neutrals which is mainly defined by the dischargevoltage, and hence the discharge power. The observed correlation ispresented in Figure 1bwhich shows the phase composition as a functionof the number of displacements per deposited atom (NDPA)
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Figure 1: (a) The α fraction as a function of the ratio of the flux residual gasspecies (water) Fimpurities and deposited tungsten Fmetal, defined as τ , (b) The
α′ fraction as a function of the NDPA. The fraction was calculated based onthe α (110) and β (210) Bragg reflection.
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Reactive sputter-driven synthesis of transition metal
nanoparticles and nano-fluids

A. Choukourov1,D. Nikitin1,M. Protsak1, K. Biliak1, V. Červenková1,
M. Tosca1, R. Katuta1, H. Biederman1 IT
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Human dependence on non-renewable energy sources is causing aglobal energy crisis. Possible solutions include the transition to renew-able energy sources such as the wind and the sun. Here, we present thegas-phase synthesis of low-dimensional materials based on transitionmetal nitride nanoparticles (MeN NPs, Me = Ti, Zr, Hf, Ta, and Cu) thatmight be potentially suitable for solar harvesting or plasmonic sensing[1-3]. In contrast to conventional thin-film deposition, we show thatreactive magnetron sputtering of metal targets in Ar/N2 can be adaptedto synthesize MeN NPs in the gas phase, avoiding high temperaturesand toxic chemicals. Under proper conditions, highly crystalline and sto-ichiometric MeN NPs can be produced, with optoelectronic propertiessuitable for use in solar-driven electrochemical water splitting and asdirect solar absorbers. Both planar and cylindrical magnetrons can beused for this purpose. Furthermore, we show that this method allowsfor direct deposition of MeN NPs into vacuum-compatible liquids toproduce linker- and residual-free plasmonic nanofluids.
The plasmonic sensitivity of MeN NPs was found to exceed that of Au;however, they suffer from partial oxidation after contact with air. Toovercome this issue, we developed amethod to passivateMe NPs usingrf magnetron sputtering of Si3N4 for the in-flight deposition of SiN pro-tective layers overMeNNPswithout contactwith air. The SiN shell tunesthe position of localized plasmon resonance (LSPR) of the MeN NPsfrom 580 to 850 nm by tuning the porosity and, consequently, the effec-tive refractive index of SiN. Although the plasmonic sensitivity becomesattenuated, the SiN layer protects MeN NPs from post-deposition oxi-dation in air and preserves LSPR at temperatures above 400◦C. Thus,our method offers an environmentally benign, annealing-free route toMeNNPs and nanofluids with controllable optical properties, enhancedthermal stability, and promising features for novel applications.
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High-rate reactively sputtered Cu2O thin films post-
treated with high-power infrared laser

P. Baroch1,*, J. Koloros1, T. Kozák1, M. Kučera2, J. Rezek1 CT
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The cuprous oxide-based (Cu2O) materials are one of the most promis-ing and studied p-type transparent conductive oxide (TCO) materials.This is because of copper earth abundance, Cu2O non-toxicity, and rel-atively suitable opto-electrical properties. However, the performanceof all state-of-the-art p-type TCOs (including Cu2O-based) is insuffi-cient compared with well-established n-type TCOs (ITO, AZO, . . . ), es-pecially in terms of electrical conductivity [1,2]. In this work, we haveutilized different approaches to improve the optical and electrical prop-erties of Cu2O-based films. We combined the growth of Cu2O filmsby high-power impulse magnetron sputtering (HiPIMS) at differentpulse-averaged target power densities together with the utilization ofa well-established high-power infrared laser.

Figure 1: . Evolution of electrical conductivity of as-deposited Cu2O films post-treated by laser pulses of various lengths.
We have systematically studied the effect of laser parameters on the op-toelectrical properties of Cu2O thin films, namely electrical conductivity,the concentration of holes and their mobility, optical band gap and
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microstructure. We have found that this method could be a promisingway to enhance hole mobility in Cu2O-based materials without the re-quirements of high temperature and/or a special working atmosphere.As shown in Figure 1, we were able to increase the film conductivityof as-deposited Cu2O films (prepared at high-rate of >150 nm/min)almost by a factor of two just by applying a single laser pulse with alength of 375 ms.
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HiPIMS coatings for sub-micro tools for AI applica-
tions

C. Schiffers1 CT

1CemeCon AG, Adenauerstrasse 20A4, 52146 Würselen, Germanychristoph.schiffers@cemecon.de
Miniaturization is a clear trend even for objects around us in our dailylives. That’s why cutting tools are becoming smaller and more precise.It started with watchmaking medical/dental applications. Reactivesputtering was always the technology of choice for tools below 1 mm.Today’s driver is AI technology. It makes tools for drilling computerboards a high-volume application for extremely small diameters in the0.25 mm range.
HiPIMS is the most suited coating technology for sub-micro tools sinceit gives smooth coatings without any droplets, a dense and fine-grainedmorphology of the film together with low intrinsic stresses.
There are different approaches to HiPIMS, and this talk will give anoverview of the various technologies and how new developments suchas chopped HiPIMS, pulse synchronisation and positive kick paves theway for bringing HiPIMS into industry.
More knobs to turn – HiPIMS gives effective control over the plasma.The settings of the HiPIMS pulses allow to tailor the energy preciselyto micro tools. This avoids antenna effects and defects because ofover-etching the fine geometry. Precision machining with micro toolsrequires super sharp cutting edges. The unique HiPIMS feature ofsynchronizing the pulses at the cathodes with the HiPIMS Bias supplyis the key to actively managing the intrinsic stresses in the film.
HiPIMS with its unique combination of favourable properties opensnew business opportunities in the growing market of precision and sub-micromachining. A very good example of how the academic research inreactive sputtering supports the European industrywhen the traditionalbread-and-butter business for the car industry is declining.
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Exploring different modes of operation of multipulse
HiPIMS
J. Hnilica, P. Souček, M. Ondryáš, P. Klein, M. Fekete, P. Vašina
CT
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Three different modes of operation for using HiPIMS with a titaniumtarget at argon buffer gas were examined in terms of plasma diagnos-tics and coating properties. In all three modes of operation, a 1 kWaverage power was kept constant. The first mode of operation involvessplitting a strong single HiPIMS pulse into multiple evenly distributedweaker pulses by proportionally dividing the period. The second modeof operation is based on the first one, but the pulses are grouped to-gether in a short burst, or pulse package, where the overall periodis conserved. Comparing the second mode of operation to the firstenables the identification of the effect of pulse grouping. In the thirdmode of operation, the pulses are also grouped into the pulse package,however, the period is extended proportionally to the number of pulsesin the pulse package. This allows for the creation of short bursts ofenergetic pulses separated by very long off–times while maintainingthe duty cycle. In this way, it is possible to determine whether thegrouping of the strong pulses into a pulse package is more beneficialfor the deposition than the negative effects induced by prolonging theoff-time. Plasma diagnostics revealed that grouping the pulses intopackages in the second mode of operation resulted in a higher ionisedmetal flux fraction on the substrate compared to first strategy, whichled to stronger ion bombardment of the growing coating, resultingin denser coatings and changes in the crystalline microstructure. Thethird mode of operation does not increase significantly ionised metalflux fraction but influenced the texture and grain size of the growingfilms.
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Thin-film ceramics for energy applications

P. Eklund1 IT

1Department of Chemistry - Ångström Laboratory; Inorganic Chemistry, Läger-hyddsvägen 1,751 21 Uppsala, Swedenper.eklund@kemi.uu.se
This invited presentation gives an overview of our research on selectedthin-film-ceramics for energy applications in the field of protectivecoatings and energy harvesting. Protective coatings made by energy-efficient reactive sputter deposition for applications in electrochem-ical cells and nuclear fuel rods are surveyed. Dense, hard coatingsin the CrNbN system ranging from nitrides to supersaturated metalsolid solutions offer wear resistant coatings that also have potentialto withstand the harsh conditions nuclear fuel rods are exposed toin a reactor. In particular, Cr-rich coatings with 2-6 at. % and 10 at.%exhibit notably dense microstructures with relatively high hardness,properties of the essence for protective coatings. For thermoelectricdevices, I present an overview of our work on multicomponent CrN-,ScN-, and Ca3Co4O9-based thin films. We have developed method-ology for highly textured as well as nanoporous virtually phase-pureCa3Co4O9 thin films. These can further be deposited on flexible micasubstrates, enabling flexible inorganic thermoelectric thin films thatwithstand repeated bending. They can also be made as free-standingfilms and as nanoporous materials for reduced thermal conductivity.CrN exhibits n-type conduction with a high power-factor enabled bya high electron concentration thermally activated from N vacancies,and alloys can be made of rocksalt-Cr1-xScxN. Multicomponent alloyingof ScN and CrN in alloys such as CrMoVWN or combinations thereofoffer further possibilities for tailoring the thermoelectric propertiesand growth conditions.
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Engineering Ti-Doped Ta3N5 Photoanodes via Reac-
tive Magnetron Co-Sputtering for Enhanced Solar
Fuel Applications
L. I. Wagner1,2, V. Streibel1,2, I. D. Sharp1,2

1 Walter Schottky Institute, Technical University of Munich, 85748 Garching,Germany
2 Physics Department, TUM School of Natural Sciences, Technical Universityof Munich, 85748 Garching, Germanylaura.wagner@wsi.tum.de
Tantalum nitride (Ta3N5) is a promising semiconductor for photoanodesin solar fuel generation, but its performance is often limited by ineffi-cient charge carrier transport and significant carrier trapping, causedby a high density of defects that introduce deep-level electronic stateswithin its bandgap. In this work, we employ reactive magnetron co-sputtering combined with ammonolysis to improve the charge trans-port properties of Ta3N5 photoanodes with Ti doping. By systematicallyexploring sputter power variations, substrate pre-treatments, choiceof interlayer materials, and substrate types, we optimize the synthesisprocess to achieve controlled Ti doping, with concentrations rangingfrom 0 to 3 at.%. This is enabled by carefully managing the sputterrates and intentional Ti target poisoning [1].
Comprehensive characterization, including structural, compositional,optical, electrical, and photoelectrochemical methods, reveals that Ti4+ions substitute Ta5+ lattice sites, thereby introducing compensatingacceptor states, reducing concentrations of nitrogen vacancies, andreduced Ta3+ states, and suppressing trapping and recombination. Con-sequently, we demonstrate that Ti doping decreases the conductivityimmensely by lowering the charge carrier density but simultaneouslyincreases the mobility of free charge carriers due to reduced recombi-nation at nitrogen vacancies [1].
Building on these findings, we investigate various substrate condition-ing techniques and interlayer depositions using reactive sputtering tofurther optimize light harvesting and charge transport to the counterelectrode. Additionally, we explore the use of transparent substratesthat can withstand the high-temperature conditions required for reac-tive sputtering and ammonolysis.
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Overall, this work provides valuable insights into the precise engineer-ing of Ti-doped Ta3N5 photoanodes, significantly improving their per-formance as advanced photoanodes for solar fuel applications. Theseresults lay the foundation for further enhancements in the design andfabrication of high-efficiency photoelectrochemical systems.
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Superconducting NbN thin films deposited by reac-
tive magnetron sputtering
T. Kosutova1, Y. Yao1, D. Fernandes1, Z. Zhang1, S.-L. Zhang1, F.
Gustavo2, F. Lefloch2, T. Kubart1 CT
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NbN is an interesting material for superconducting metallization ofsemiconductor devices thanks to its high critical temperature of about16 K. For integration in devices, the thin films need to be deposited onSi substrates, preferably without substrate heating. This contributionaddresses the reactive sputter deposition of NbN in order to identifyoptimummicrostructural parameters for films with good superconduct-ing performance. Thin films were deposited on Si and SOI substratesfrom a Nb target in an Ar+N2 mixture using dcMS and HiPIMS. A typicaldependence of the critical temperature, TC , on the N2 gas flow isshown in Figure 1a. However, this graph does not provide sufficientinsights for optimization of the deposition process. We have identifiedtwo parameters that are crucial for the film performance.

Figure 1: (a) Critical temperature TC of 100 nm NbN thin films deposited bydcMS and HiPIMS as a function of the N2 gas flow. (b) TC as a function of thecrystallite size. The lines connect the points according to the increasing N2flow.
• The film morphology is correlated with the resistivity at roomtemperature. An underdense columnar microstructure develop-ing in dcMS is detrimental to the resistivity. Metal flux ionization
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in HiPIMS reduces the shadowing effect and results in a sub-stantially higher film density and lower resistivity. A significantlylower overall oxygen content is also observed as a result of re-duced oxidation during air exposure. Furthermore, the densefilms exhibit a sharper superconducting transition.
• The TC is directly related to the crystal quality, measured as thecrystallite size, Figure 1b, and the microstrain. All films exhib-ited the desired δ-NbN fcc structure. However, the crystallitesize was almost 70 nm for the films with the highest TC as com-pared to 50 nm achieved in dcMS. The best performing filmsalso exhibited the smallest amount of microstrain.
• In summary, we show a deposition process for synthesis of densefilms on Si without substrate heating. The highest TC achievedin this work for films 100 nm thick was 13 K. For thinner films of20 nm, the TC was 9.5 K.
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The study of defect reduction in optical coatings pro-
duced using reactive process feedback control
L. Maroto-Diaz1, P.McCarthy1, V. Bellido-Gonzalez1, D.Monaghan11
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Electro-optic thin film coatings are critical in many everyday technolo-gies. The coatings manipulate light in response to an electrical input,making them essential in a wide range of devices and applications suchas in smartphones, eyewear and imaging devices.
In the fabrication of electro-optic coatings, defect control is critical forensuring optimal device performance and precise optical and electricalproperties. Even small defects in the thin film structure can lead tosignificant issues, especially in high-precision applications.
This study investigates the use of feedback control methods, in combi-nation with a rotating magnetic array, to reduce coating defects duringreactive sputtering processes. The rotating magnetic array not onlyenhances target utilization but also reduces arcing on the target surfaceby distributing the plasma more evenly across the target. These effectslead to more stable sputtering conditions and minimize issues suchas micro-arcs. Real-time feedback control of key process parameters- such as reactive gas flow - dynamically adjusts conditions to furthermitigate defects.
In this study we produce aluminium nitride coatings on 150 mm siliconwafers using a 300 mm wide circular target. The final defect count wasanalysed across the wafer surface for a range of defect sizes. Defectcounts are investigated using optical methods and counting software todetermine the final defect count. The results show that combining feed-back control with the rotating magnetic array significantly improves thedefect count when compared to industry standard methods to producealuminium nitride coatings. A key discovery was the importance oftuning the feedback control loop, where the setpoint of control was acrucial parameter in the reduction of small and large defects.
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How to converge feedback control and measure dou-
ble hysteresis ?

J. Van Bever1, K. Strijckmans1, 1, D. Depla1 CT
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The transition region of the hysteresis curve in reactivemagnetron sput-tering is an important yet inherently unstable mode, posing significantchallenges for achieving stable control. This mode offers opportunitiesto deposit coatings with unique properties such as a specific opticalindex or thermochromic behavior, and achieving stability requires ef-fective feedback control [1,2].
Applying feedback control introduces additional complexities due tovarious factors influencing stability and convergence, such as reactivegas pressure changes [3], target erosion [4], feedback loop adjustments[5], arcing [6], and oxide deposition [7]. Some of these factors mayalso cause process drifting, particularly when the discharge voltage [1]or an optical emission line intensity [8] are used as feedback inputs.Our study systematically investigates these processes through time-resolved analysis and by linking them to the hysteresis framework,demonstrating, for instance, how oxide deposition shifts the hysteresiscurve to higher voltages and influences the predicted rate of oxygenflow adjustment in feedback control as a function of process variables,such as pumping speed. These insights not only support an optimizedmethod for achieving efficient feedback convergence but also enable amore detailed investigation of the transition mode.
A detailed understanding of target properties is essential for examiningthe transition mode, particularly given the Reactive Sputtering Deposi-tion (RSD) model’s prediction of history-dependent transition states [9].More specifically, this model indicates that the process behavior differsdepending on whether it originates from ametallic or poisoned state. Aprevious study by Schelfhout et al. [10] has measured double hysteresisto demonstrate this history dependence through an indirect methodusing IV-characteristic analysis. However, this approach is less suitedfor direct application in practical coating production. We present direct
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measurements of double hysteresis using feedback control, offering anapproach that better aligns with industrial processes.
Accurate double hysteresis measurements using feedback control re-quire maintaining converged feedback control at each process pointwhile ensuring measurements are timely enough to account for slowand irreversible changes like target erosion. To address these require-ments, we detail a procedure to measure double hysteresis under feed-back control, ensuring both convergence and efficient timing. Theseresults provide the first demonstration of double hysteresis measure-ment under feedback control and highlight its dependence on keyparameters, including discharge current and argon pressure.
This work strengthens the link between theoretical predictions andpractical industrial requirements for reliable coating processes, improv-ing stability and performance in deposition settings.
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Exploring the Link Between Plasma Gas Speciation
and the Properties of TiOxNy Thin Films
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The properties of reactively sputtered titanium oxynitride (TiOxNy) thinfilms are highly sensitive to the reactive gas (O2 and N2) environmentduring the deposition. Thus, by carefully regulating the ratios of oxygenand nitrogen in the plasma, it becomes possible to tailor the material’soptical, electrical, and structural characteristics.
In this work TiOxNy was deposited from a metallic titanium target usinga pulsed DC power supply and in a reactive environment composed ofan Ar/O2/N2 gas mix. The amount of N2 was held constant at 3 sccmduring the deposition and the amount of O2 was varied to obtain ahysteresis loop (Figure 1a.). The addition of nitrogen into the plasmacloses the gap between the forward and reverse hysteresis cycles, andtherefore, provides more control over the process. The gas specia-tion was monitored in-situ using the Gencoa Optix system and plasmaintensity was measured using optical emission monitoring (OEM). Arange of material characterisation techniques were performed on filmsdeposited at different OEM setpoints, such as XRD, XPS, Dektak stylusprofilometry and sheet resistance and uv-vis spectroscopy to evaluatetheir optical and physiochemical properties.
By utilizing the Gencoa Optix for in-situ plasma monitoring (Figure 1b),a clearer connection can be made between plasma gas speciation andthe optical and physiochemical properties of TiOxNy thin films. Under-standing these relationships is crucial for optimizing the performanceof these films in applications like optical coatings, photocatalysis, andelectronic devices. This study provides new insights into how reactivegas species influence the tuneable properties of TiOxNy films, enablingenhanced process control and greater flexibility in material design. Inthis work it was found, for example, that the TiO emission line at 777 nm
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was only easily detectable once the OEM setpoint was beyond the toeof the hysteresis curve.

Figure 1: Shows the hysteresis voltage (a) and the change in intensity for theTiO emission line at 777 nm during the forward cycle for the reactive sputteringof TiOxNy (b). The legend shows specific O2 mass flow rates in sccm.
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Specially architectured thin films for sensing applica-
tions
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One of the most important goals of nanotechnology is to engineernanostructures and nanopatterns, paving the way for a society relianton intentionally designed nanomaterials. This includes specializeddomains such as nanoelectronics, nanomedicine, nanomachining, andvarious other applications based on nanoscale technologies.
Controlling the organization ofmolecular building blocks at the nanome-ter scale is of utmost importance, not only for advancing scientificunderstanding and generating valuable knowledge, but also for pio-neering the development of next-generation technological devices withelectrical, optical, chemical, or biological improved responses.
Physical Vapor Deposition (PVD) techniques offer great potential fordeveloping nanoarchitectured thin films (nanostructures and nanopat-terns) over specific areas of surfaces, machine parts and/or devices.This enables the preparation of solid-state features approaching themolecular length scale. Despite the well-established reliability of PVDtechniques, severe requirements of processing are involved, includinggrowing features and nucleation constraints, but also the lack of di-mensional variation in the specific systems that are being developed,approaching manufacturing limitations.
In this presentation, the recent developments on specially grown nanos-tructured thin films will be explored regarding the versatility of thereactive magnetron sputtering technique to tailor the electrical, me-chanical and optical properties of different thin films’ systems and thustheir potential in targeted applications, namely for physical, chemicaland biological sensing.
Beyond a comprehensive demonstration of the significant variations insome basic properties of known thin film systems concerning their basiccharacteristics, this talk will highlight the emerging role of Glancing
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Angle Deposition (GLAD)-based nanostructures as a versatile platformwith extensive sensing capabilities.
In recent years, GLAD-fabricated thin films for sensing applications canreplace conventional nanomaterials due to their broad scope, ease offabrication, controlled growth parameters, and hence, sensing capa-bilities. The morphological features tailored at the nanoscale exhibitheightened sensitivity, and boast the optical, electrical, thermal, me-chanical and tribological properties.

52



Phosphide and phosphosulfide thin films by reactive
sputtering
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Despite the success of Group III phosphides as optoelectronic semi-conductors, phosphorus-containing thin-film materials are still largelyunexplored. This is unfortunate, because phosphorus is one of themost versatile elements in the periodic table, as it can take a range ofpositive and negative oxidation states giving rise to many possibilitiesfor designing new semiconductors.
Using the example of copper as themetal, I will show two types of chem-ically diverse phosphorus-containing compounds that can be grown byreactive sputtering using a simple metallic Cu target and PH3 reactivegas as the phosphorus source. First, two distinct binary copper phos-phides (Figure 2) are accessible by reactive sputtering depending on thephosphorus chemical potential during growth. One is Cu3P [1], a high-conductivity semimetal that is natively p-type doped by Cu vacancies.The other is CuP2 [2], a 1.5 eV band gap semiconductor with homoele-ment P-P bonds that is of interest for thin-film photovoltaics. WhileCu3P had been grown in thin-film form before with other techniques,CuP2 had not been grown before as a thin film by any technique.
A second interesting family of materials is obtained when phosphorusand copper are combined with a more electronegative species such assulfur (“phosphosulfides”). There are hardly any reports of thin-filmphosphosulfides in the literature [3]. “Hybrid” reactive sputtering of aCu target in PH3 under a beam of evaporated cracked sulfur enabledthin-film synthesis of the Cu3PS4 compound (Figure 2). Cu3PS4 is a2.3 eV band gap semiconductor with remarkably high minority carrierlifetimes, which could find applications as a light emitter.
It is instructive to note that phosphorus is in different oxidation statesin all these three compounds: -3 in Cu3P, -1 in CuP2, and +5 in Cu3PS4.
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This case study emphasizes that reactive sputter processes can bepowerful tools for the synthesis of new thin-film materials from exoticchemistries.

Figure 2: (a) Optical images of two Cu phosphide films with different Cu/Pratios and a Cu phosphosulfide film (Cu3PS4) obtained by reactive sputtering.(b) X-ray diffraction pattern on CuP2, showing a polycrystalline single-phasefilm [2]
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Deposition of BiVO4 Thin Films byReactiveMagnetron
Co-Sputtering for Visible Light Photoelectrochemical
Water splitting

T. Pomone1, M. Ratova1, G. West1, P. Kelly1,T. Denaro2 CT

1 Surface EngineeringGroup, Department of Engineering,ManchesterMetropoli-tan University, Chester Street, Manchester, M1 5GD, UK
1 Manchester Fuel Cell Innovation Centre, Manchester Metropolitan Univer-sity, Chester Street, Manchester, M1 5GD, UKM.ratova@mmu.ac.uk
Over the last decades, hydrogen gained interest among the industrialand research communities as a “green” source of energy. Photoelec-trochemical (PEC) water splitting appears to be a promising strategyfor hydrogen production by using an abundant source of hydrogen(water) and a renewable energy source (solar energy). In PEC watersplitting, photocatalysts immerged in an electrolyte are used as pho-toelectrodes to harvest the energy from a light source and convert itto drive the overall water splitting reaction. However, the practicalviability of this process still depends greatly on solving multiple ma-terial challenges. Several materials attracted considerable attentionover the past few years to perform the water oxidation reaction andto be used as a photoanode in a PEC water splitting cell. BiVO4, inparticular, possesses promising intrinsic properties, such as a low bandgap, favourable band edges positions and good stability in aqueousenvironment. Nevertheless, some limitations are yet to be overcome,such as high electron-hole pair recombination rates and poor electricalconductivity.
Here, BiVO4 thin films are produced using reactive magnetron co-sputtering from 2 metallic targets (bismuth and vanadium) in an argonand oxygen atmosphere. This configuration allows the optimisation ofthe properties of the deposited coating (chemical composition, mor-phological parameters. . . ). Several characterisations are performed toidentify the thin films produced (SEM, EDX, XRD, TEM, Raman spec-troscopy. . . ). The photoelectrochemical properties of the depositedsamples are tested in a PEC water splitting cell, using a three-electrodesconfiguration with an Ag/AgCl reference electrode and a Pt mesh ascounter electrode.
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The future of RSD and reactive sputtering

D. Depla1 CT

1Department of Solid State Sciences, Ghent university, Krijgslaan 281, S1, Ghent,Belgium

No one likes to be the last speaker on a meeting as everyone getstired, hungry and wants to go home. So, this talk is not intendedto be a real scientific contribution but merely aims to discuss a fewinteresting trends linked to reactive sputtering. Frankly speaking, onmost questions I don’t even have the answer but at least it is fun tothink about it and go home with perhaps new insights.
From the interesting presentations given during this edition of theRSD conference, I have learned many things. The application of thetechnique to generate fascinating coatings and to develop new thin filmmaterials shows that reactive sputter deposition is still very much alive.Key questions in this research field are both fundamental, applicationdriven and connected new trends:

• How will AI and machine learning assist in improving our knowl-edge about this technique?: I recently read a paper about the useof machine learning for the prediction of the sputtering yieldsof elements. The approach shows some interesting ideas, butdoes it provide new physics? Most of the conclusions can alsobe made after reading the paper you all have read "Theory ofSputtering. I. Sputtering Yield of Amorphous and PolycrystallineTargets", by P. Sigmund. I don’t want to sound old fashionedbut we should use AI and machine learning not to invent theold in another way, but to explore new ideas to tackle questionsregarding reactive sputtering.
• Is reactive sputtering sustainable? Or better, are coatings sus-tainable?: A question I often ask to my students during a classon thin film deposition is to estimate the mass of Ag consumedper year by an average large area coating set-up for architecturalglass. They come very quick to conclusion that although thetypical thickness of the coating is only 10 nm, the plant converts
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approximately 1 tonne of silver into these layers. Will we everybe able to recycle the metals we sputter deposit?
• Fundamental research regarding reactive sputtering is my hobby.After more than 20 years of research I can now answer the ques-tions "Why is the deposition rate during poisonedmode so low?"In a few slides I will explain the main idea, but isn’t surprisingthat this same question was the start of the RSD conferenceseries.

So, to end, the talk will give a short overview of the history of thisconference with the intention to start the debate on its continuation,and format.
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Testbourne offers a reclamation services on all precious metals. Used precious metal targets 
either bonded or un-bonded, melted pieces and chamber scrapings may be reclaimed. 
After refining of the spent material we will either issue a credit or off-set against a new order. 
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Silicon Dioxide Coatings by Reverse Pulse HIPIMS
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Transparent oxide layers such as silicon dioxide play a vital role in awide variety of applications in modern architecture from photovoltaicsto low e glazing as well as in displays and optical sensors. UtilisingHigh Power Impulse Magnetron Sputtering (HIPIMS) it is possible todeposit high density and high hardness layers. In this study the effectof utilising reverse voltage on the coating properties and arc likelihoodwere examined.
Utilisation of the constant currentmode in the pulses prevented processinstabilities usually linked to current runaway in reactive processes.
SiOx was deposited from pure silicon targets in a reactive Ar-O2 atmo-sphere. Peak power density was 0.5 A/cm2, the pulse duration was upto 20 µs. OES observation of Ar neutral lines (Ar I) showed that plasmapersisted to more than 150 µs after the pulse switch off.
Arcing rates were significantly reduced using reverse pulses due to thedischarging of the target surface. The delay between the end of thepulse and application of the reverse voltage had a strong influence onarcing rates. Applying a reverse voltage after allowing the plasma nearthe target to decay slowly after switch-off, resulted in inefficient targetneutralisation and higher arcing rates. Application of reverse voltageimmediately at the end of the pulse utilised high density plasma toneutralise the target and eliminate arcing. SiOx films deposited withoutadditional heating or substrate biasing had a refractive index of 1.43-1.48, similar to bulk glass. A transparency of 97% and k-value of 10-3for 200 nm thick films indicated low defect density achieved at thelowest arc rate. The nanohardness of 1 µm thick films was 10±1 GPa
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and Young’s modulus 77±9 GPa, representing a 10% increase againstthe glass substrate.
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Real-time in-situ sheet resistance measurements to
study silver thin film nucleation during magnetron
sputtering
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Applications such as low-emissivity window coatings [1] and biosensors[2] require the growth of flat metal layers on substrates with a weakfilm/substrate interaction, such as on oxides and 2D-material. Thisweak interaction can however be a drawback, as it is a decisive factorfor pronounced 3D morphology [3]. Hence, to be able to control theshape and microstructure of such thin metal films requires furtherfundamental understanding of the mechanisms in the early growthstages.
In this study, the degree of 3D clustering during growth is examinedunder various deposition conditions by measuring the nominal filmthickness at the percolation threshold. This is achieved by monitoringthe sheet resistance during nucleation of thin silver films on soda-limeglass substrates, using an in-situ four-point probe. From the drop insheet resistance, the nominal film thickness at the percolation thresh-old is determined. Silver is deposited by direct current magnetronsputtering at room temperature, varying the target-substrate distancesbetween 9.0 and 22.0 cm and the vapor arrival rate between 0.23 and3.83 monolayers/s.
A power-law relationship is observed between the inverse vapor ar-rival rate and the percolation threshold thickness, with a power-lawexponent between 0.08 and 0.28, depending on the target-substratedistance. Test particle Monte Carlo simulations indicate a significantflux of high-energy particles at the substrate, primarily due to argonions reflected from the cathode. To further investigate the impact ofthis flux, experiments were repeated at a higher discharge voltage toenhance momentum transfer to the substrate. The resulting power-lawexponents were consistently higher, ranging from 0.11 to 0.36.
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An exponent of 1/3 corresponds to growth with a substantial rate ofsurface diffusion and coalescence processes, while lower exponentsindicate reduced coalescence, with an exponent of 1/7 suggesting alack of completed coalescence [3]. At larger target-substrate distances,slower deposition rates allow more time for complete coalescence,resulting in higher power-law exponents. Comparing results from theoriginal and higher discharge voltage conditions suggests that increasedmomentum transfer in the latter delays percolation, likely promotingsurface diffusion and favoring faster reshaping during island coales-cence, ultimately leading to a more pronounced 3D morphology.
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Exploring Engineered Artificial Minerals for Lithium
Recovery from Recycling Slags: Insights from Thin
Film Experiments
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The growing demand for Li-ion batteries creates the need for sustain-able recycling strategies. Current pyrometallurgical recycling processesrecover the more noble elements (Co, Ni, Cu) while neglecting the slagelements (Li, Mn, Mg, Al). An approach for recovering these elements ismodifying the slag’s chemistry or solidification conditions to form Engi-neered Artificial Minerals (EnAMs) that are enriched in target elementsand separable from the residual slag. Identifying suitable EnAMs andconditions to maximize their formation is critical, and high-throughputexperimentation with sputtered materials libraries is an appropriatestrategy.
This poster presentation is about a combinatorial phase constitutionstudy of the thin film system Mg-Mn-Al-O (i.e., a slag subsystem) andthe fabrication of Li-Al-O films.
Through high-throughput characterization of a reactive sputtered thinfilm materials library, spinel solid solution is observed over a widecompositional space of the Mg-Mn-Al-O system (Figure 1a), with Mnpresent in oxidation states 2+ and 3+, which is not a suitable EnAMphase [1]. This led to the idea of substituting Mn2+/3+ with Mn4+, sothat in slags, the promising EnAM Li2MnO3 potentially forms, as nospinel-like compounds with Al3+ and Mn4+ are currently known. As afirst step to evaluate this hypothesis with thin film materials libraries,
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the fabrication of Mn4+O2 thin films by sputtering a MnO2 target wasoptimized using reactive deposition conditions to compensate for theMnO2 reduction that occurs during inert sputtering.

Figure 1: (a) Phase constitution in the thin film system Mg-Mn-Al-O. (b) Effectof Rapid Thermal Annealing on the XPS depth profile of a reactive sputteredLi-Al-O thin film on a Si substrate.
Investigating the formation of possible Li-containing EnAMs with com-binatorial thin films requires good crystallinity in the films. However,reactive sputtered Li-Al-O films are observed as X-ray amorphous anddevelop inhomogeneous depth profiles during annealing, with Li tend-ing to migrate towards the film surface due to its volatility. It is shownthat this effect can be counteracted by using Rapid Thermal Annealinginstead of conventional annealing (Figure 1b) [2].
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Reactive Superimposed HiPIMS / RF Deposition
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We investigated a superposition of RF and HiPIMS [1] on a single mag-netron and studied the influence of pressure, target powers and reac-tive gas flow on process stability, peak currents and pulse form for thedeposition of AlN and Al2O3.HiPIMS HiPIMS+RF
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Figure 1: Measured HiPIMS voltage forms for varying pressure and oxygenflow, with andwithout RF-superposition; Al-deposition (45µs pulse) respectiveAl2O3-deposition (25 µs pulse). Applied power: 1 kW HiPIMS / 500 W RF
For that purpose, we modified a custom-built sputter coater (FHR SV400) and connected a SPIK3000A-EF-05 HiPIMS Generator (Melec) anda CEASAR 1325 RF Generator (Advanced Energy) to the same source[2]. The outputs of both power supplies can be applied individually,continuously superimposed or synchronized during the off-times of theHiPIMS pattern. TheHiPIMS signalswere recorded using an oscilloscope(see Figure 1). For Al2O3we found that a) addition of oxygen significantlydecreased the peak voltage and the effective DC-voltage in the HiPIMS-off time; b) the temporal evolution of the dc-bias is altered upon oxygen
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gas feed c+d) superposition of RF andHiPIMS allows for stable operationat lower pressures than with HiPIMS only.
We further observed that the deposition rates of the individual pro-cesses simply added up to a total deposition rate in the superimposedprocesses. Similar findings were made for AlN. Results on transparencyand hardness will also be presented.
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Accurate Reporting of Time-of-Flight Measurements
with Gated Mass Spectrometry
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The quality of high-power impulse magnetron sputtering (HiPIMS) de-posited films can often be improved through the effective use of metal-ion synchronization (MIS) [1-3]. However, effective synchronizationrequires precise measurements of the time-of-flight (ToF) of ions, suchthat an accelerating bias can be properly synchronized. These mea-surements are commonly done using time- and energy- resolved massspectrometry but require calibrations of the transit time of ions insideof the mass spectrometer to accurately report the ToF. The transit timecan be calculated by estimating the travel length in varying parts of thespectrometer (e.g. from orifice to detector) and accounting for the in-teractions of ions with varying electrostatic optics (such as the extractor,energy filter, mass filter, and dynode). The errors associated with theseestimations can lead to nonphysical values in a HiPIMS process, suchas negative ToFs, or metal ions arriving to the substrate before processgas ions. As a result, many groups emphasize that their calibrationsare estimations, or relevant only at sufficiently large time steps [4,5].
Here we report a practical approach to determine the transit time
in the spectrometer experimentally, which was already successfully
employed for multiple projects in our group [2,3]. We use a bipolarHiPIMS power supply to synchronize a gating pulse to the front end of aHiDEN Analytical EQP-300 mass spectrometer (Figure 1). The orifice ofthe mass-spec (50 µm) was placed at a 12 cmworking distance. ToF wasthen measured by applying a +70 V bias to repel ions, and a 5 µs gatingpulse of -30 V to accept them. To prevent interference of the drivenfront end (kept at +70 V) with the HiPIMS plasma, a grounded shield isplaced in front of the mass-spec head with a 2 mm opening. The gatewas synchronized to the HiPIMS pulse by providing a trigger signal, anddata was collected at 5 µs intervals by adjusting the time delay of thispulse. The time-of-flights of Ar+, N+, and Al+ ions measured in this wayare compared to those calculated using mass spectrometry flight tubeequations.
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Figure 1: Schematic of sputter system used in ToF measurements. A HiDENAnalytical EQP-300 mass spectrometer was used and its driven front end wassynchronized to a 5 µs gating pulse.
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New thermal spray ceramic NiOx(CrOx) targets for
sputtering functional layers in low-E glass coatings
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Low-emissivity (low-E) glass plays an important role in keeping buildingsand cars sustainable and comfortable in the changing global climate.This type of glass is coated with a multilayer thin film stack that reflectsinfrared (IR) radiation while remaining transparent to visible light, thuskeeping heat in or out without darkening the room. Typically, the IRreflecting layer is a thin ( 10 nm) silver film, which is in turn supportedby various seed, barrier, dielectric, and protective layers. Each layeris commonly prepared by magnetron sputtering from their respectivetarget materials. In this work we will focus on recent improvements inthermal spray ceramic rotatable NiOx(CrOx) targets.
Over the past decades, our company has been developing severalceramic alternatives for sputtering processes that have historicallyused metallic targets in a reactive gas ambient. This is the case ofthe NiOx(CrOx) rotatable targets presented here, as an alternative toNi(Cr) targets. Sputtering layers from these ceramic targets has manyadvantages, such as lack of hysteresis, less crosstalk and better controlover layer composition. For example, Figure 1 shows no hysteresis, i.e.more stable operating point, for NiOx targets compared to metallic Nitargets under certain conditions.
Introducing a nickel oxide seed layer has been proven to allow controlover the texture of the silver layer[1], while a nickel chromium oxidelayer is often used as protective barrier layer in the stack, as it has ahigh resistance to oxidation[2]. The characteristics of these sputteredlayers such as phase formation, optical properties and composition willalso be explored in this study.
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Figure 1: Working curves for AC magnetron sputtering of (a), a metallic Nitarget and (b), a ceramic NiOx target.
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Combinatorial Sputter Synthesis and Characteriza-
tion of (La-)Co-based Thin-Film Spinel and Perovskite
Materials Libraries
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Compositionally complex spinels and perovskites are considered po-tentially stable and active catalysts for electrochemical applications.Through combinatorial synthesis via reactive co-sputtering and charac-terization of thin-film material libraries, the structural and functionalproperties along continuous compositional gradients are investigatedand correlated. For Co-based systems single phase spinel forms for awide compositional range.

Figure 1: a) Schematic drawing of the reactive sputter process on heated sub-strate to fabricate the La-Co-Mn-O materials library. b) photo of the materialslibrary, sputter target positions are indicated by arrows and the respectiveelements [1]
This was investigated for the systems Co-Ni-O and Co-Mn-O, whichwere later extended to Co-Mn-Ni-O, Co-Mn-Fe-O and Co-Mn-Fe-Ni-O.The fabricated thin-film materials libraries have shown a phase purespinel structure in nearly every measurement area, except for Mn-richareas, where also Mn2O3 peaks were detected by XRD. Contrary tothe expected continuous composition gradient, single-phase regionswith homogeneous composition (La2O3 or stoichiometric La-perovskite)form during reactive co-sputter deposition of La-based perovskite. Thiseffect of self-organized thin film growth can be used to synthesize
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perovskite (ABO3) thin-film libraries covering a wide range of chem-ical compositions for the B-site elements in phase-pure perovskiteregions. This approach facilitates the discovery and tailoring of chem-ical compositions for desired functional properties. The synthesizedmaterial libraries were screened for their electrocatalytic activity in theoxygen evolution reaction, which led to the identification of a regionwith interesting catalytic activity in the La-Co-Mn-O system. In-depthcharacterization of this region revealed a unique columnar-grown mi-crostructure with a large catalytic surface and excellent stability duringelectrocatalytic measurements. [1]
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NiMo-C coatings synthesised by reactive magnetron
sputtering as a catalyst for the hydrogen evolution
reaction in an acidic environment
E. Dobruchowska1, T. Suszko1, W. Gulbiński1, B. Kwaczyński2, G. Greczynski3,

J. Morgiel4, Karol Załęski2 CT

1 Koszalin University of Technology, ul. Śniadeckich 2, Koszalin 75-453, Poland
2NanoBioMedical Centre, AdamMickiewicz University, ul. Wszechnicy Pias-towskiej 3, Poznań 61-614, Poland
3Department of Physics (IFM), Linköping University, 581 83 Linköping, Sweden
4Institute of Metallurgy and Materials Sciences, Polish Academy of Science,ul. Reymonta 25, Kraków 30-059, Polandewa.dobruchowska@tu.koszalin.pl
Leading research on hydrogen production for energy purposes is cur-rently focused on water electrolysis, particularly on developing elec-trodes that are efficient and durable in both acidic and alkaline environ-ments. In this context, a primary objective is to substitute noble metalswith alternative, more cost-effective and accessible materials that ex-hibit minimal differences in catalytic properties. One potential solutionis the utilisation of binary systems that are based on an amorphouscarbon matrix and contain either metallic (such as nickel or cobalt) orcarbide precipitates (such as MoC, WC, NbC) in the nano-scale range[1,2,3]. The presence of the carbon matrix protects the catalyticallyactive centres against corrosion while simultaneously limiting electricalconductivity and, thus, the effective charge transfer [3].
In the current work, we present the initial investigation into the util-isation of NiMo-C coatings, synthesised via reactive magnetron sput-tering of the Ni80Mo20 alloy in an argon/acetylene atmosphere, asprospective catalysts for HER (Hydrogen Evolution Reaction) operatingin an acidic environment. The evolution of coatings structure, chemicaland phase composition with increasing carbon content (from 5 up to75 at.%) were investigated by X-ray diffraction, X-ray photoelectronspectroscopy and transmission/scanning electron microscopy. Thesestudies were further supplemented by the measurement of electricalconductivity using atomic force microscope working in the conductivemode. The results obtained have shown thatmicrostructure of depositsevolves from nano-crystalline, through amorphous to quasi amorphous
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with nano-columnar structure (for the carbon content in the range of20-75 at.%). The nanostructure observed consists of metallic columnsperpendicular to the surface surrounded by amorphous carbon shell.This configuration is anticipated to facilitate high electrical conductivityalong the columns. The surface of these coatings is distinguished bythe presence of discrete nano-areas with high conductivity, exhibitinga diameter of approximately 20 nm. It is hypothesised that these ar-eas, predominantly comprising nickel, will serve as catalytic centres forhydrogen during the electrolytic decomposition of water.
The electrocatalytic properties of the coatings were evaluated by com-parison with the catalytic capacity of platinum and graphite underidentical experimental conditions. The overpotential (η) and the Tafelslope, which is a kinetic parameter that indicates the rate of HER, wereselected as the primary parameters for the assessment of electrocata-lysts’ activity. It has been found that the medium carbon coatings showoptimal properties in this direction, i.e. high corrosion resistance in anacidic environment and good HER performance. Even at the highestcarbon content, the Tafel slope does not increase substantially, what isattributable to the nano-columnar coatings’ structure.
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Yttrium oxyhydride (YHO) thin films have shown potential as smartmaterials due to their reversible photochromic effect, achieving a pho-tochromic contrast (∆Tvis) of up to 50% under UV/blue light exposure[1]. However, the precise structure of YHO and the underlying mecha-nism of photochromism are not yet fully understood. YHO thin films aresynthesized through the oxidation of yttrium hydride (YH2). Parameterssuch as sputtering pressure and film thickness critically affect thin filmoptical and photochromic properties, with low sputtering pressuresyielding metallic, oxygen-containing YH2 films, while higher pressuresresult in transparent, photochromic YHO films.
To further investigate and enhance YHO photochromic performance,double-layer YHO/MoO3 coatings were deposited. Given the mobilityof hydrogen in YHO [2], it was hypothesized that combining YHO withMoO3 could create a synergistic effect, as hydrogen from YHO mightintercalate into theMoO3 layer, partly reducingMo cations and formingmolybdenum bronze. Thin films were characterized using X-ray diffrac-tion (XRD), scanning electron microscopy (SEM), X-ray photoelectronspectroscopy (XPS), spectroscopic ellipsometry (SE), UV-Vis-NIR spec-troscopy, nuclear reaction analysis (NRA), and a custom-built devicefor measuring photochromic properties.
Results show a photochromic contrast improvement from 40% withYHO alone to 55% for the YHO/MoO3 thin films, along with an increasedcoloration rate (see Fig. 1). The photochromic response of the double-layer coatings can be fine-tuned by adjusting the thickness and depo-sition parameters of MoO3, such as sputtering pressure and reactivegas flow. Both XPS and NRA indicate the formation of molybdenum
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bronze throughMo reduction and an increased hydrogen content in theupper MoO3 film, respectively. Additionally, scalability through large-area roll-to-roll deposition of YHO was explored, supporting potentialapplications in smart windows and other optoelectronic devices.

Figure 1: Transmittance spectra (250–2500 nm) of (a) YHO and (b) YHO/MoO3coatings before and after 20 hours of UV-A light irradiation, indicating thephotochromic contrast values; (c) transmittance decrease in the 500–700 nmrange during darkening.
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Embedding Fe Nanoparticles into CrN Films For en-
hancing thermoelectric properties
D. Pankratova1, K. Yusupov2, A. Vomiero11,3, S. Kumar Honnali2, R. Boyd2,
D. Fournier4, S. Ekeroth2, U. Helmersson2, C. Azina5,A. le Febvrier2,6 P

1Department of Engineering Sciences and Mathematics, Luleå University ofTechnology, 97187 Luleå, Sweden
2Department of Physics, Chemistry, and Biology (IFM), Linköping University,Linköping SE-581 83, Sweden
3Department of Molecular Sciences and Nanosystems, Ca’ Foscari Universityof Venice, Via Torino 155, 30172 Venezia Mestre, Italy
4Sorbonne Université, CNRS, Institut des NanoSciences de Paris, UMR 7588,Paris 75005, France
5Materials Chemistry, RWTH Aachen University, Kopernikusstraße 10, D-52074,Aachen, Germany
6Department of Chemistry - Ångström Laboratory Inorganic Chemistry, Läger-hyddsvägen 1,751 21 Uppsala, Sweden
Nanostructuredmaterials and nanocomposites have showngreat promisefor improving the efficiency of thermoelectric materials. Herein, Fenanoparticles were embedded into a CrN matrix by combining twophysical vapor deposition approaches, namely high-power impulsemagnetron sputtering and a nanoparticle gun. The combination ofthese techniques allowed the formation of nanocomposites in whichthe Fe nanoparticles remained intact without intermixing with the ma-trix material. The electrical and thermal transport properties of thenanocomposites were investigated and compared to a monolithic CrNfilm. The measured thermoelectric properties revealed an increase inthe Seebeck coefficient, with a decrease of hall carrier concentrationand an increase of the electron mobility which could be explained byenergy filtering by internal phases created at the NP/matrix interface.The thermal conductivity of the final nanocomposite was reduced from4.8 Wm-1K-1 to a minimum of 3.0 Wm-1K-1. This study shows prospectsfor the nanocomposite synthesis process using nanoparticles which canbe used beyond improving the thermoelectric properties of coatingsand could be extended to variable applications.
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Enhancing Charge Transport in Metal (Oxy-)Nitrides
for Efficient Solar Fuel Generation
O. Brune1,2, L. I. Wagner1,2, G. Grötzner1,2, I. D. Sharp1,2, V. Streibel1,2 P

1 Walter Schottky Institute, Technical University of Munich, Am Coulombwall4, 85748 Garching, Germany
2 Physics Department, TUM School of Natural Sciences, Technical Universityof Munich, Am Coulombwall 4, 85748 Garching, Germanyoliver.brune@tum.de
Solar water splitting offers a promising pathway to generating carbon-neutral solar fuels by converting sunlight directly into chemical energy.A critical challenge in advancing this technology is the scarcity of suit-able photoanode materials that meet all three essential requirements:long-term chemical stability, high photocarrier extraction efficiency, andappropriate bandgap. Nitrides and oxynitrides are particularly attrac-tive as photoanode candidates due to their tunable properties basedon cation and anion compositions; however, their thin film synthesisremains challenging due to the need for harsh processing conditions.
Among these materials, Ta3N5 and LaTiO2N, both with bandgaps of2.1 eV, have attracted significant attention. Nonetheless, their practicalapplication is constrained by poor charge carrier transport. To addressthis issue for Ta3N5, we employ reactive co-sputtering to synthesizeZr-doped Ta3N5 thin films, systematically investigating the influenceof Zr incorporation on the compound’s crystal structure, defect den-sity, and (opto-)electronic properties. Enhanced hole extraction isspecifically targeted through careful control of Zr doping levels andsputtering parameters. For the perovskite-type oxynitride LaTiO2N, thehigh recombination rate of photoexcited carriers remains a significantchallenge. By reducing defect concentrations within LaTiO2N thin filmsthrough optimized reactive sputtering and tailored annealing protocols,we aim to significantly enhance charge transport, pushing towardshigher solar-to-hydrogen conversion efficiencies.
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Conformal Coverage of Complex Topographies in a
Reactive Process using Remote Plasma Sputtering

J. Ellingford1, H. Brown1, J. Dutson1, S. Wakeham1, M. Thwaites1 P

11. Plasma Quest Ltd, Unit 1B Rose Estate, Osborn Way, Hook, RG27 9UT,United KingdomJoshua.Ellingford@plasmaquest.co.uk
With the progression towards higher aspect ratios and finer topograph-ical dimensions in many micro- and nano-systems, it is of increasingimportance to be able to conformally deposit thin films onto such struc-tures. Sputtering techniques have been developed to provide suchconformal coverage through a combination of coating re-sputteringand ionised physical vapour deposition (IPVD); the latter by use of asecondary plasma source or a pulsed high target power (HiPIMS).
This paper reports on the use of an alternate remote plasma sputteringtechnique inwhich a high-densitymagnetised plasma is used for sputterdeposition. The remote plasma sputtering is an inherently continuousIPVD process (not needing a secondary discharge) and through theuse of substrate bias the arrival characteristics of sputter flux ions andplasma ions can be controlled [1].
Through the reactive deposition of Al2O3 onto complex structures,scanning electron microscopy (SEM) and energy dispersive x-ray spec-troscopy (EDX), results demonstrate that applying a negative substratebias during film growth can result in conformal coverage of complextopographies with Al2O3 film growth on surfaces obscured from theinitial sputter flux.
This work demonstrates that selective deposition can be achieved ontrench structures. Deposition of Al2O3 onto 5:1 aspect ratio structureshas shown that through control of the substrate bias the coating thick-ness on the vertical and horizontal planes can be varied. For low orzero substrate bias, the majority of the coating will deposit on thehorizontal planes. Employing a substrate bias > -267 V results in themajority of the coating being deposited on the side walls. This occursthrough the attraction of ionised sputter flux and re-sputtering of thethin film on the horizontal surfaces due to ion bombardment. Withfurther optimisation of the process parameters a uniform film thicknesson all surfaces of the high aspect ratio structures can be achieved.
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