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8:00am PP2-3-FrM-1 Experiments and Modelling of High Power Impulse 
Magnetron Sputtering Discharges with Metallic Target, Jon Tomas 
Gudmundsson [tumi@hi.is], Kateryna Barynova, University of Iceland; 
Martin Rudolph, Leibniz Institute of Surface Engineering (IOM), Germany; 
Joel Fischer, Linkoping University, Sweden; Tetsuhide Shimizu, Tokyo  
Metropolitan University, Japan; Daniel Lundin, Linkoping University, Sweden 

High power impulse magnetron sputtering (HiPIMS) discharges with a 
number of metal targets have been explored experimentally followed by a 
further study using the ionization region model (IRM). The metal targets 
studied include, tungsten [1], chromium [2], zirconium [3], titanium [4], and 
copper [5]. Experimentally, the ionized flux fraction has been found to be in 
the range 10 - 80 %, and it is found to increase with increased discharge 
current density, and decreased working gas pressure. However, the 
deposition rate generally decreases with increased peak discharge current 
density. There is a trade off between high ionized flux fraction and high 
deposition rate, sometimes referred to as the HiPIMS compromise. An 
overview will be given on the experimental results for various target 
materials and dependence on varying operating parameters such as peak 
discharge current density and pulse length. The IRM allows for studying the 
temporal evolution of the discharge current composition, the electron 
power absorption mechanisms, the ionization and back-attraction 
probabilities of the sputtered species, the dominant recycling mechanism, 
and the working gas rarefaction. We discuss how the discharge current 
composition varies between different target materials, and how the 
recycled species, and the processes leading to working gas rarefaction, 
depend on the target sputter yield [4]. In particular we will discuss how the 
back-attraction probability of the sputtered species depends on the sputter 
yield of the target material [7]. 
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8:20am PP2-3-FrM-2 Knowing and Controlling the Dynamic Plasma 
Potential and Sheath Voltage as Key Elements in Plasma-Based 
Deposition, André Anders [andre.anders@plasmaengineering.com], 
Plasma Engineering LLC, USA INVITED 

It is widely known that a space charge layer exists between plasma and a 
surface (target, substrate, wall, probe, etc.) which is called the sheath.The 
sheath voltage is the difference between the surface potential and the 
potential at the sheath edge, the boundary between plasma and sheath. 
Space charge is linked via the Poisson equation to an electric field which 
governs fluxes of charged fluxes and thereby energy delivered to the 
surface.There is nothing new so far, but in real life, for practical reasons, 
one uses (earth) ground as the reference, not the plasma potential.This can 
lead to confusion, especially as the plasma potential is not constant in 
space and time when using modern approaches to plasma-based 
deposition that involves magnetic fields and pulsed processing, such as 

bipolar HiPIMS.In this contribution, the establishment of plasma potential, 
or better the dynamic plasma potential distribution, will be explored and 
the consequences for film growth discussed.The local and dynamic plasma 
potential can be associated with numerous effects such cathode spot and 
anode spot formation (a.k.a. “arcing” and “fireball” in magnetron systems, 
respectively), the control of ion and electron flows, which affect a growing 
film’s microstructure, and also with unwanted effects such as sputtering of 
and arcing on chamber walls and other grounded components.Knowing and 
controlling the dynamic plasma potential and sheath voltage is therefore 
important to plasma-based deposition processes. 

9:00am PP2-3-FrM-4 Electrocatalytic Performance of AlCrCoNiFeX (X = C, 
O)HighEntropy Alloy Films for Oxygen and Hydrogen Evolution Reactions, 
Amna Waheed [amnawaheed146@gmail.com], Ming Chi University of 
Technology, Taiwan; Bih-Show Lou, Chang Gung University, Taiwan; Jyh-Wei 
Lee, Ming Chi University of Technology, Taiwan 

The growing demand for sustainable and efficient energy conversion 
technologies has intensified interest in developing advanced 
electrocatalysts for water splitting. Highentropy alloys (HEAs), composed of 
multiple principal elements in near-equiatomic ratios, offer a promising 
platform due to their unique compositional flexibility, tunable electronic 
structure, and synergistic catalytic effects. In this work, AlCrCoNiFeX (X = 
carbon and oxygen) HEA films were synthesized via reactive HiPIMS to 
assess their bifunctional electrocatalytic activity for the oxygen and 
hydrogen evolution reactions (OER and HER) in alkaline media. The carbon 
and oxygen contents were systematically varied to study their combined 
effects on the structural, morphological, and electrochemical properties of 
the deposited HEA films. The enhanced catalytic behavior can be ascribed 
to the synergistic interactions among multiple metallic constituents and the 
optimized surface structure resulting from carbon–oxygen–carboxylic 
incorporation. Electrochemical evaluations, including linear sweep 
voltammetry (LSV), electrochemical impedance spectroscopy (EIS), and 
double-layer capacitance (Cdl) measurements, confirmed the superior 
charge transfer kinetics, larger electrochemically active surface area, and 
improved catalytic efficiency of the optimized composition. Furthermore, 
long-term stability and durability tests demonstrated excellent 
sustainability of the catalyst under continuous operation, validating its 
structural robustness and electrochemical reliability. This study highlights 
the potential of AlCrCoNiFeXHEA films as a new generation of efficient and 
durable bifunctional electrocatalysts for practical water-splitting 
applications. 

9:20am PP2-3-FrM-5 Effect of Ti Interlayer Thickness on Residual Stress 
and Energy Relief Efficiency in γ-Mo2N/Ti Thin Films, Zi-Rui Huang 
[scps020709@gmail.com], National Tsing Hua University, Taiwan 

Transition metal nitrides (TMeNs) are widely employed as protective 
coatings due to their excellent properties, including high hardness, superior 
thermal and chemical stability, and good corrosion resistance. Among 
TMeNs, γ-Mo2N has attracted considerable attention because it can form a 
self-lubricating Magnéli phase during wearing, which can decrease friction 
coefficient and thereby enhancing wear resistance. However, for TMeN 
coatings deposited by physical vapor deposition residual stress is usually 
generated, and excessive residual stress may decrease adhesion strength 
and lead to coating delamination. Adding a metal interlayer is a common 
practice in industry to release residual stress and increase adhesion 
strength. However, our previous study found that introducing a Ti interlayer 
in γ-Mo2N thin film deposited on Si did not effectively relieve residual stress 
in the thin film. The reason is mainly due to the reaction of nitrogen (N2) 
with the Ti interlayer and forming TiN in the interlayer during deposition, 
and consequently decreasing the capability of plastic deformation of the 
interlayer. The propose of this study was to investigate the effect of Ti 
interlayer thickness on residual stress and energy release efficiency by 
introducing a TiN diffusion barrier between Mo2N and Ti interlayer.In this 
study, Ti and Mo interlayers were deposited by DC-unbalanced magnetron 
sputtering, while the γ-Mo2N coatings were deposited using high power 
impulse magnetron sputtering on Si (100) substrate. The γ-Mo2N layer 
thickness was maintained at about 1000 nm.Ti and Mo interlayers were 
prepared with different thicknesses ranging from 50 to 200 nm. TiN 
interlayer was maintained at 50 nm. The overall residual stress of the 
bilayer coatings was determined by the laser curvature method (σLCM), 
while the individual layer stress was evaluated by the average X-ray strain 
method (σAXS).The evolution of stress in the bilayer coatings with increasing 
interlayer thickness was investigated by the resultant σLCM and σAXS. 
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9:40am PP2-3-FrM-6 Low-Temperature Synthesis of Ti2AC (A = Si or Ge) 
Max-Based Coatings via Highly Ionized Growth Techniques, Arno 
Gitschthaler, Philipp Dörflinger, Rainer Hahn, Christian Doppler Laboratory 
for Surface Engineering of high-performance Components, TU Wien, 
Austria; Jürgen Ramm, Klaus Böbel, Oerlikon Balzers, Oerlikon Surface 
Solutions AG, Liechtenstein; Szilard Kolozsvári, Peter Polcik, Plansee 
Composite Materials GmbH, Germany; Eleni Ntemou, Daniel Primetzhofer, 
Department of Physics and Astronomy, Uppsala University, Sweden; 
Dominik Fuchs, Andreas Limbeck, Institute of Chemical Technologies and 
Analytics, TU Wien, Austria; Peter Švec, Institute of Physics, Slovak 
Academy of Sciences, Slovakia; Anton Davydok, Christina Krywka, Institute 
of Materials Physics, Helmholtz Zentrum Hereon, Germany; Helmut Riedl 
[helmut.riedl@tuwien.ac.at], Institute of Materials Science and 
Technology, TU Wien, Austria 

MAX phases are a unique class of nanolaminated compounds that combine 
metallic and ceramic properties, offering excellent electrical and thermal 
conductivity together with remarkable resistance to creep, oxidation, and 
corrosion. These characteristics make them highly attractive as protective 
and functional coatings for next-generation hydrogen technologies. 
However, conventional sputtering techniques struggle to provide suitable 
growth conditions at reduced synthesis temperatures, often leading to 
phase instability and the formation of competing phases. Despite more 
than two decades of research on Ti–A–C (A = Si or Ge) MAX coatings [1,2], it 
has yet to be achieved to deposit them under less harsh, more practical 
conditions. To address this issue, Ti2-A-C (A = Si or Ge) thin films were 
deposited by cathodic arc evaporation (CAE) and high-power impulse 
magnetron sputtering (HiPIMS) of metallic TiA (A = Si or Ge) targets in 
reactive Ar/C2H2 plasma atmospheres. To understand the relationship 
between deposition parameters, chemical composition, and phase 
formation, the resulting films were comprehensively characterized using 
high-resolution techniques, including ToF-ERDA-calibrated GD-OES, 2D-
BBXRD, and t-CSXRD measurements. Subsequently, these results are 
correlated with application near electrochemical tests. Overall, these 
analyses demonstrate, for the first time, that Ti2-A-C MAX-based coatings 
can be successfully synthesized by reactive CAE and HIPIMS at 
temperatures as low as 550 °C and rise their potential for use cases in 
hydrogen technologies. 
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