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The potential structure of ionization zones in high power 
impulse sputtering
André Anders*, Matjaz Panjan, Robert Franz, Joakim Andersson, and Pavel Ni Lawrence  
Berkeley National Laboratory, Berkeley, California, USA
Phone: +1-510-486-6745, email: aanders@lbl.gov

Over the last years it has been established that traveling ionization zones are common in high power impulse 
magnetron sputtering.  They are plasma instabilities which seem to be related to similar instabilities observed in other 
ExB discharges, such as Hall thrusters.  Fast photography is a preferred experimental approach as it is not disturbing 
the plasma as probes do, for example.  Fast cameras of two types are employed: a short-exposure frame camera, and 
streak camera.  Images show the concentration of ionization in narrow zones, and the formation of plasma flares (e.g. 
[1, 2]).  Species-selective ion energy measurements are complementary as they provide entirely different information.  
This contribution summarizes and unifies different aspects from different experiments related to ionization zones.  The 
most consistent interpretation of the observation can be achieved by assuming that each ionization zone is associated 
with a potential hump of typically several 10 V height [3].  The formation of such humps follows naturally from the 
different inertia of electrons and ions, as electrons can leave the ionization zones faster, leaving a slight positive excess 
charge behind.  The formation of a potential hump implies that the hump is enclosed with an electrical double layer. 
Double layer formation between plasmas of different properties (e.g. density) is well known in plasma physics, and 
should be expected.  Double layer formation was proposed by Brenning et al. [4], however, they considered only 
one side of the zone.  A more complete description requires that the integral over the potential gradient along the 
racetrack is zero.  In other words, the potential needs to be the same when electrons execute a closed drift to the 
same location over the racetrack [3].  The double layers may not be symmetric - only the reproduction of the potential 
is required.  This is illustrated in Fig. 1.  A number of consequences arise, most importantly an energy enhancement 
for ions returning the target, and the possibility of ions to escape the near-target region where, on average, the electric 
field points towards the target.  Yet another consequence is the asymmetry of charged particles leaving the near-target 
region: ions on the side traveling with the ionization zone can “surf” the potential hill, thereby gaining higher energy than 
ions going in the other direction [5].  The effect can be substantial as energetic features in ion energy distributions have 
been found that reach up to several 100 eV.  We conclude that ionization zones and their positive potential humps and 
double layers are essential, critical features for the operation of the discharge and properties of particle fluxes.  

[1] A.P. Ehiasarian, A. Hecimovic, T. de los Arcos, R. New, V. Schulz-von der Gathen,  
 M. Böke, J. Winter, Appl. Phys. Lett. 100 (2012) 114101.
[2] A. Anders, P. Ni, A. Rauch, J. Appl. Phys. 111 (2012) 053304.
[3] A. Anders, M. Panjan, R. Franz, J. Andersson, P. Ni, Appl. Phys. Lett. 103 (2013) 144103.
[4] N. Brenning, D. Lundin, T. Minea, C. Costin, C. Vitelaru, J. Phys. D: Appl. Phys. 46 (2013) 084005.
[5] M. Panjan, R. Franz, A. Anders, Plasma Sources Sci. Technol. 23 (2014) 025007.

Fig. 1
Positive potential hump V, consistent 
electric field E, and net charge distribution 
ρ (from Ref. [3])
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On the HiPIMS benefits of multi-pulse operating mode

O. Antonin1, V. Tiron2, C. Costin2, T.M. Minea1

1 LPGP, UMR 8578, Bat. 210, rue Becquerel, 91405 Orsay, France  
2 Alexandru Ioan Cuza University, Faculty of Physics, Bd. Carol I nr. 11, 700506 Iasi, Romania
Corresponding author: O. Antonin
Email: olivier.antonin@u-psud.fr  Phone: +33 1 69 15 81 90 Fax: +33 1 69 15 78 44

High Power Impulse Magnetron Sputtering (HiPIMS) has reached nowadays its maturity penetrating the industrial 
processing. The main interest of this technology concerns the improved control of thin films properties [1] due to the 
important fraction of ionized sputtered material flowing towards the substrate. 

Besides its high ionization efficiency, HiPIMS has two major drawbacks: (i) the lower deposition rate, compared to 
Direct Current Magnetron Sputtering (DCMS) and (ii) the difficulty of operating at very low pressure, typically below 0.4 
Pa. To overcome these points, different approaches have been recently proposed [2, 3].

Our focus is the optimization of the HiPIMS process with respect to DCMS, based on the physical understanding of 
the plasma state when using sequences of pulses, instead of general single high power pulse. Operating at standard 
frequencies (~ 1 kHz), the duty cycle is kept low (0.5 to 5.0 %), consecutive single pulses as well as consecutive 
sequences of short multi-pulses can be considered as independent of each-other. The contribution compares the 
plasma behaviour between single-pulse and multi-pulse sequences, separated by long afterglows and generated 
with the same power unit [4]. HiPIMS process is improved for multi-pulse mode as proved by the temporal evolution 
of the ion current to the substrate, correlated to optical emission and absorption signals of the sputtered species and 
deposition rate.

Controlling the temporal sequence of pulses, parameter by parameter, the multiple benefits of this approach are 
highlighted. The temporal sequence can be very general, but it also can be reduced to the chopped HiPIMS [2] (for 
periodic sequences), or managed as single short-length pulses, limiting thus the metal back-attraction. This approach 
permits also non-periodic sub-sequences within a sequence of pulses.

[1] A. Anders, Thin Solid Films, (2010), 518, 4087-4090 
[2] P.M. Barker, E. Lewin and J. Patscheider, J. Vac. Sci. Technol. (2013), A 31, 6, 060604
[3] A.-M. Valente-Feliciano, Proceedings of SRF2013, (2013), 06, I, 748-754 
[4] M. Ganciu, M. Hecq, S. Konstantinidis, J.P. Dauchot, M. Touzeau, L. de Poucques and J. Bretagne,  
 World Patent N_WO 2005/090632, 2005

Impact of coating defects on the corrosion protection 
capabilities of TiN films deposited by dc-magnetron 
sputtering and HIPIMS by a novel scanning method
Martin Balzer*, Martin Fenker
fem – Forschungsinstitut für Edelmetalle und Metallchemie, Katharinenstrasse 17, 73525 
Schwäbisch Gmünd, GERMANY
*Corresponding author: 
Phone: +49(0)7171 1006 – 401  /  Fax: - 900  /  email: balzer@fem-online.de

Abstract:
Coatings deposited by magnetron sputtering have been characterised for decades for their corrosion protection 
capabilities. The film density has often been stated to be the key factor and improvements were published, mostly 
based on different electrochemical corrosion measurements. Often discrepancies have been found between the results 
of these measurements and those of salt spray tests, which mostly were attributed to the impact of coating defects. 
With the High Power Impulse Magnetron Sputtering (HIPIMS) technology further improvements of the density of 
sputtered hard and thin coatings could be achieved as published by many research groups. The aim of this work was 
to examine if these improvements do lead to improved corrosion protection properties of HIPIMS deposited films. 

With the Large Area High Resolution (LAHR) mapping a method has recently been developed at the fem which 
allows localizing and even characterising the coating defects present on a coated sample. It is based on scanning 
the topography of the entire surface of lab sized samples (several cm2) with a lateral resolution in sub-µm range by 
confocal microscopy. The defect data are generated by complex custom-built templates based on Mountains Map™ 
and Visual Basic™. Reliable defect statistics, defect maps as well as coordinates for each specific defect are available 
for the first time with this method.

2.5 µm thick TiN-films were deposited on polished steel samples using dc-magnetron sputtering and HIPIMS and 
afterwards exposed to neutral salt spray test. Using LAHR-mapping the defect structure of the entire sample surfaces 
was characterised and by scanning the same samples before and after the corrosion test each corrosion site could 
be traced back to its source. With this the coating defects responsible for corrosion could be identified. The results of 
these tests as well as the defect statistics data for several defect types and sizes are presented and discussed with 
respect to their impact on the corrosion behaviour of the coated samples. Additionally the origin of these defects will 
be focused.
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15 Year of HIPIMS – a success story
R. Bandorf 
Fraunhofer IST 
Bienroder Weg 54E 
38108 Braunschweig
Phone: +49(531)2155-602  email: ralf.bandorf@ist.fraunhofer.de

Even though the history of high power pulse magnetron sputtering HPPMS or high power impulse magnetron 
sputtering HIPIMS can be tracked back to the 1960‘, the community refers to the paper from V. Kouznetsov et al. 
in 1999 as the seminal publication for this technology. Within the following 15 years HIPIMS has paved its way from 
academic laboratory to industrial applications.
This talk will show the development from the early works and the topics proposed towards industrial processes today. 
Examples will be given on trench filling, interface modification, and advanced coatings with respect to properties and 
deposition rates. Starting with fundamental investigations and proposed properties the development towards industrial 
processes today will be reviewed. Parallel development in the field of pulse generation and the available state of the art 
power supplies will be addressed.

High-rate reactive high-power impulse magnetron 
sputtering of hafnium dioxide films

A.Belosludtsev *, J. Rezek, J. Vlcek, J.Houska, R. Cerstvy
Department of Physics and NTIS – European Centre of Excellence, University of West Bohemia,  
Univerzitni 8, 306 14 Plzen, Czech Republic
* beloslud@kfy.zcu.cz, phone: +420 377 632266, fax: +420 377 632202

High-power impulse magnetron sputtering with a pulsed reactive gas (oxygen) flow control [1] was used for high-rate 
reactive depositions of densified stoichiometric hafnium dioxide films. The depositions were performed using a strongly 
unbalanced magnetron with a planar hafnium target of 100 mm diameter in argon-oxygen gas mixtures at the argon 
pressure of 2 Pa. The repetition frequency was 500 Hz at the average target power density from 5 Wcm-2 to 54 Wcm-
2 during a deposition with duty cycles from 2.5% to 10%. The substrate temperatures were less than 165°C during the 
depositions of films on a floating substrate at the distance of 100 mm from the target. Usual deposition rates, being 
around 15 nm/min, were achieved for the target power density of 5 Wcm-2. An optimized location of the oxygen gas 
inlets above the target and their orientation to the substrate surface made it possible to improve quality of the films due 
to minimized arcing at the sputtered target and to enhance their deposition rates up to 345 nm/min for the hafnium 
dioxide films at the target power density of 54 Wcm-2 and the duty cycle of 10%. This deposition rate was about 75% 
of that achieved for pure hafnium films prepared under similar conditions. The hafnium dioxide films were crystalline 
with a monoclinic phase. They exhibited hardness of 15 - 18 GPa, refractive index of 2.06 - 2.12 and extinction 
coefficient of 0.0001 – 0.001 (both at the wavelength of 550 nm). 

Reference
[1] J. Vlcek, J.Rezek, J.Houska, R. Cerstvy, R. Bugyi, Process stabilization and a significant enhancement of the 
deposition rate in reactive high-power impulse magnetron sputtering of ZrO2 and Ta2O5 films,  
Surf. Coat. Technol. 236 (2013) 550.

Poster session preferentially  
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Time-resolved study of simultaneous combination of 
HiPIMS and mid-frequency pulsed dc discharge
M. Cada*, Z. Hubicka, P. Adamek, J. Olejnicek, S. Kment
Institute of Physics ASCR, v. v. i., Na Slovance 2, 182 21 Prague 8, Czech Republic

w
* corresponding author: Dr. Martin Cada 
Institute of Physics ASCR, v. v. i., Na Slovance 2, 182 21 Prague 8, Czech Republic 
E-mail: cada@fzu.cz, Phone: +420 266052418, Fax: +420 286581448

The work has been supported by the Ministry of Education, Youth, and Sports of the Czech Republic through project 
LH12043, by the Czech Science Foundation through projects P108/12/2104 and by the European Commission under 
the 7th Framework Programme through the ‘Factories of the Future’ program, FP7-2013-NMP-FoF grant number 
608800.

Integration of HiPIMS Equipment into an Industrial Coating 
Production for Cutting Tools

Toni Leyendecker1, Oliver Lemmer1, Werner Kölker1, Stephan Bolz1, Christoph Schiffers1*
1CemeCon AG, Adenauerstrasse 20A4, 52146 Würselen, Germany

Abstract
HiPIMS coatings are rapidly gaining ground for cutting tool applications due to advantages such as smooth, droplet 
free coatings with superb adhesion and perfect homogeneity all around the tool geometry. Hence, more and more 
cutting tool producers are in the process of integrating HiPIMS coating machines into their production.

This paper will discuss the full process chain of an industrial coating production – starting with jigging, surface and 
cutting edge preparing, cleaning, coating and finishing operation – dedicated to the HiPIMS coating process. Advances 
of the HiPIMS deposition equipment will be presented as well as specific modifications of the auxiliary processes prior 
and after coating. 

Thick PVD coatings are known to increase the tool life for milling operations with indexable inserts in cast iron. Crank 
shaft milling in the automotive industry is a very typical mass production example. The paper will introduce the design 
and the performance of 6 µ and even 9 µ thick HiPIMS coatings done in industrial mass production. 

A novel AlTiSiN film deposited with HiPIMS will be presented as a model system for all the steps of a commercial 
coating production. The evaluation will include film characterisation and recent cutting test results. 

Keywords: HiPIMS, Sputtering, Cutting Tools.

*Corresponding author: Christoph Schiffers (christoph.schiffers@cemeon.de).
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Description of HiPIMS plasma regimes in terms of 
composition, spoke formation and deposition rate
Teresa de los Arcos1, Yolanda Aranda Gonzalvo2, Volker Schulz-von der Gathen1,  
and Jörg Winter1

1 Institute for Experimental Physics II, Faculty of Physics and Astronomy,  
Ruhr-Universität Bochum, Germany
2 Hiden Analytical Ltd, 420 Europa Boulevard, Gemini Business Park, Warrington,  
Cheshire, WA5 7UN, England
E-mail: teresa.delosarcos@rub.de; Phone: +49 234 3227095; Fax: +49 234 3214171

The behaviour of Cu and Cr HiPIMS (high power impulse magnetron sputtering) discharges was investigated for 
a broad range of the current-voltage characteristic curves. Characterization at the near-target region was done by 
optical emission spectroscopy and optical imaging; and at the substrate position by quartz microbalance and energy-
resolved mass spectrometry. We found that the inflection points typical of HiPIMS current-voltage characteristics 
allow identifying plasma regimes perfectly differentiated in terms of deposition rate, flux composition of species at the 
substrate, and the nature of plasma self-organization [1]. In particular, the reorganization of plasma into spokes (well-
defined areas of high ionization) was associated to a regime of high plasma conductivity, where also deposition rate is 
limited. The spoke-dominated regime disappears at higher powers, where plasma emission becomes homogeneous. 
This homogeneous regime is associated to an increase of deposition rate, which seems to be due basically to an 
increase of metal neutrals and metal double-charged ions. The relevance of secondary electron emission mechanisms 
for the support of the spoke-dominated regime in reactive and non-reactive sputtering conditions will also be 
discussed.

Determination of sputtered species densities in HIPIMS 
discharge by optical emission spectroscopy
Matej Fekete1, Petr Vašina1, Peter Klein1, Lenka Dosoudilová1, Zdeněk Navrátil1,  
Jaroslav Hnilica1, Pavel Dvořák1

1 Department of Physical Electronics, Faculty of Science, Masaryk University, Kotlářská 2,  
CZ–61137, Brno, Czech Republic mfekete@mail.muni.cz

Developing of magnetron sputtering process is aiming mainly to increase ionization of sputtered particles, to improve 
target yield or to enhance deposition rate. HIPIMS discharge yields higher number density of ionized sputtered 
species than DC case. However, it is difficult to estimate absolute number densities of the sputtered species (atoms 
and ions) in ground and metastable states from optical emission spectroscopy, because the ground and metastable 
levels do not directly produce any optical signal. There has been developed variety of indirect methods, however, 
mainly for rare gases to obtain information about number densities of metastable levels. Our research aim is to adapt 
these techniques such as self-absorption or effective branching fraction [1] on conditions of HIPIMS discharge. We 
ran experiments on magnetron with 20 cm titanium target. Lines of titanium neutrals and ions which originate at 
same higher level and fall to certain sub-level of neutral or ion ground state were carefully selected in our research. 
The population of these ground state sub-levels was assumed to follow Boltzmann distribution. Fitting theoretically 
calculated branching rations to experimentally measured ratios of the line intensities enable us to determine number 
densities of ground state sputtered species from optical emission spectroscopy in a HIPIMS discharge – see estimated 
evolution of Ti ion number-density together with the discharge current at Fig. 1. This research has been supported by 
the CZ.1.05/2.1.00/03.0086 and GACR P205/12/0407 projects.
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This work has been supported by the German Science Foundation (DFG) within the frame of the special research unit 
SFB-TR 87. We acknowledge financial support for a Short-Term Scientific Mission by COST Action MP0804.

[1] de los Arcos et al  J. Phys. D: Appl. Phys. 46, 335201 (2013)
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in rare-gas plasmas by optical emission spectroscopy, Plasma Source Science and Technology 18 (2009). 

Fig. 1: 
Time resolved number density of Ti 
ions and discharge current for 1200 
µs HIPIMS pulse.
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Regime transition in HiPIMS: volume averaged and 
phenomenological models.
S. Gallian1,†, J. Trieschmann1, T. Mussenbrock1, W. N. G. Hitchon2, R. P. Brinkmann1

1Lehrstuhl f�ür Theoretische Elektrotechnik, Ruhr-Universitä�t Bochum, 
2Department of Electrical and Computer Engineering, University of Wisconsin-Madison

HiPIMS discharges evolve through a range of regimes, depending on the plasma composition and spatial organization. 
The transition zones between the regimes correspond to dierent slopes in the Voltage-Current characteristics [T de Los 
Arcos et al., J. Phys. D: Appl. Phys., 335201 (2013)], and therefore to dierent equivalent conductivity of the plasma. By 
means of a uid and a kinetic model, we reproduce both a low (Ipeak ≈ 5.10–2 A/cm2) and a high current (Ipeak ≈ 5 A/cm2) 
discharge. We discuss the applicability of a fluid approximation by comparing the electron energy distribution function 
(EEDF) obtained with the kinetic model with a Maxwellian EEDF at the temperature yielded by the fluid model. Moreover, 
we analyze the plasma composition throughout the pulse, commenting on the in influence of doubly charged ions [A 
Hecimovic et al., J.Phys. D: Appl. Phys., 095203 (2008), C Maszl et al., arXiv:1311.7545v2]. In the high current case, the 
plasma spatial organization in rotating structures is modeled by means of an additional gas source. Finally, we look at the 
overall discharge and we set up a global lumped circuit model composed of non linear resistors. This phenomenological 
model allows us to describe the time varying V-I curve, spanning the dierent regimes. 

The authors gratefully acknowledge funding by the Deutsche Forschungsgemeinschaft within the frame of SFBTR 87.

Figure 1
On the left, the magnetron set up. On the right, the evolution of the voltage (black solid line) and
the discharge current (blue dashed line) during the pulse. The green and red solid lines give the time varying
output current obtained with the kinetic model, without and with the eect of enhancing Ar gas diusion.

†Corresponding author:
Ruhr-Universit�ät Bochum, Lehrstuhl f�ür Theoretische Elektrotechnik, Geb�äude ID, Raum ID 
1/124 
Universit�ätsstrasse 150, 44801 Bochum, Germany
email gallian@tet.rub.de, www.tet.rub.de, Phone +49 (0) 234 32-27294

Regime transition in HiPIMS: volume averaged and phenomenological models.

S. Gallian1,†, J. Trieschmann1, T. Mussenbrock1, W. N. G. Hitchon2, R. P. Brinkmann1

1Lehrstuhl für Theoretische Elektrotechnik, Ruhr-Universität Bochum,
2Department of Electrical and Computer Engineering, University of Wisconsin-Madison

HiPIMS discharges evolve through a range of regimes, depending on the plasma composition and spatial
organization. The transition zones between the regimes correspond to different slopes in the Voltage-Current
characteristics [T de Los Arcos et al., J. Phys. D: Appl. Phys., 335201 (2013)], and therefore to different
equivalent conductivity of the plasma. By means of a fluid and a kinetic model, we reproduce both a low
(Ipeak ≈ 5 ·10−2 A/cm2) and a high current (Ipeak ≈ 5 A/cm2) discharge. We discuss the applicability of a fluid
approximation by comparing the electron energy distribution function (EEDF) obtained with the kinetic model
with a Maxwellian EEDF at the temperature yielded by the fluid model. Moreover, we analyze the plasma
composition throughout the pulse, commenting on the influence of doubly charged ions [A Hecimovic et al., J.
Phys. D: Appl. Phys., 095203 (2008), C Maszl et al., arXiv:1311.7545v2]. In the high current case, the plasma
spatial organization in rotating structures is modeled by means of an additional gas source. Finally, we look
at the overall discharge and we set up a global lumped circuit model composed of non linear resistors. This
phenomenological model allows us to describe the time varying V-I curve, spanning the different regimes.

The authors gratefully acknowledge funding by the Deutsche Forschungsgemeinschaft within the frame of SFB-
TR 87.

Figure 1: On the left, the magnetron set up. On the right, the evolution of the voltage (black solid line) and
the discharge current (blue dashed line) during the pulse. The green and red solid lines give the time varying
output current obtained with the kinetic model, without and with the effect of enhancing Ar gas diffusion.

† Corresponding author:
Ruhr-Universität Bochum, Lehrstuhl für Theoretische Elektrotechnik, Gebäude ID, Raum ID 1/124
Universitätsstrasse 150, 44801 Bochum, Germany
B gallian@tet.rub.de, Í url: www.tet.rub.de, T +49 (0) 234 32-27294
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Reactive Process Control of HIPIMS Discharges  
H. Gerdes*, R. Bandorf, G. Bräuer 
*Corresponding Author: Holger.gerdes@ist.fraunhofer.de
Fraunhofer Institute for Surface Engineering and Thin Films IST, Bienroder Weg 54 E, 
Braunschweig, Germany
Phone: +49 531 2155 576 Fax: +49 531 2155 900

Reactive sputtering is a well-established technology for industrial sputtering. The process stabilization is carried out by 
varying the average power or the reactive gas flow. As input parameters the partial pressure of the reactive gas, the 
target voltage or the plasma emission is commonly used. 

For reactive HIPIMS challenges regarding process control arise. For instance the change of discharge voltage is 
strongly depending on the capacity of the used HIPIMS power supply. Even the plasma emission is lower in HIPIMS 
discharges (time-averaged) since the duty cycle is normally in the lower percentage range.

This talk will give an overview of different approaches for a reactive process control in combination with HIPIMS. The 
discussed feedback systems are based on plasma emission monitors with either optical filters for single emission lines 
or with a spectrometer. The controllers are regulating the oxygen flow by piezo-valves or mass flow controllers or by 
changing the off-time and therefore the average power. 

The different approaches will be presented for Alumina on different sputtering plants equipped with planar magnetrons 
or even rotatables. The results include the voltage and current characteristics as well as the deposition rates and 
selected film properties. 
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The influence of substrate-bias on the HIPIMS Tungsten 
films

N. Gordillo1, M. Panizo-Laiz1, G. Balabanian1, G. Pedroche-Sanchez1, I. Fernandez-Martinez2, 
F. Briones3, J. M. Perlado1 and R. Gonzalez-Arrabal1

1 Instituto de Fusión Nuclear, ETSII de Industriales, Universidad Politécnica de Madrid,  
C/ José Gutierrez Abascal, 2, E-28006 Madrid, Spain.
2 Nano4Energy SLNE, C/o José Gutierrez Abascal, 2, E-28006 Madrid, Spain.
3 Instituto de Microelectrónica de Madrid, IMM-CNM-CSIC, Isaac Newton 8 PTM,  
E-28760 Tres Cantos, Madrid, Spain 

Nowadays, tungsten is considering one of the most attractive materials to deal with their protective role for first wall 
applications in the nuclear fusion reactors [1-3] due to its properties: low sputtering yield, low-activation, high melting 
point, high thermal conductivity, and low thermal expansion. On the other hand, because of their specific properties 
(enhanced radiation-resistance and adhesion strength), nanostructured materials are being very interesting for fusion 
applications. One of the main concerns in a reactor environment is the structural stability and the adhesion to the 
substrate. 

In this work, we report on the growth of nanostructured tungsten films with a thickness in the micro-meter range by 
using high impulse power magnetron sputtering (HIPIMS) on different substrates (silicon and steel). We aim to study the 
W coatings morphology, microstructure and stress state in two deposition modes: a) grounded substrate and b) bias 
voltage applied to the substrate.

Samples were characterized using scanning electron microscopy (SEM) and X-ray diffraction (XRD).  
The influence of the substrate-bias on microstructure, film texture and film stress-state is discussed.

References
[1] C. H. Wu et al. J. Nucl. Mater. 220-222 (1995) 860 
[2] G. Federic et al. J. Nucl. Mater. 266-269 (1999) 14 
[3] M. Kaufmann et al. Fusion Engineering and Design 82 (2007) 521-527 

Investigation of plasma parameters during the HIPIMS 
deposition  of semiconductor  oxide  thin films for water 
splitting application.
Z. Hubička*,  (hubicka@fzu.cz)   Phone. +420266052415 
Š. Kment, M. Čada, J. Olejníček
Institute of Physics ASCR, v.v.i.  Na Slovance 2 182 21 Prague 8 Czech Republic

A high power pulsed magnetron sputtering system HIPIMS was investigated as a source for the reactive sputtering 
of  various oxide semiconductor thin films.  Fe2O3 and WO3 thin films were deposited on glass substrate with FTO 
electrode and on pure quartz glass by this method.  Pure iron and tungsten targets were reactively sputtered in 
Ar+O2 working gas mixture.  Depositions were done without external heating of the substrate during the deposition 
process. Deposited films were characterized as deposited and after annealing process.  Concentration of oxygen in 
the plasma was varied during the deposition process and influence on parameters of deposited films was investigated.  
A pulsed modulated RF bias synchronized with HIPIMS pulses was applied on the substrate during the deposition.  
The frequency of the RF generator used for the bias was 13.56 MHz. This pulsed modulated  RF voltage induced 
pulsed DC bias around  the substrate with controllable  amplitude in the range 30V – 100 V.   Synchronization of the 
modulated RF voltage was controlled in the way that induced pulsed DC bias was present at the substrate only at 
defined time during the HIPIMS pulse when ionized sputtered particles were present in the plasma. Plasma parameters 
were investigated at these conditions by means of time resolved Langmuir probe. Ionization degree of depositing 
particles was measured with modified biased QCM monitor with magnetic electron filter.  Ion flux on the substrate was 
monitored by high frequency ion flux monitor.  The influence of these plasma parameters on deposited films parameters 
was investigated.  
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Langmuir probe measurements of negative ion densities in 
reactive HiPIMS discharges 
JW Bradley and M Bowes 
Department of Electrical Engineering & Electronics, University of Liverpool, Brownlow Hill,  
Liverpool, L69 3GJ, UK
j.w.bradley@liv.ac.uk

Using a Langmuir probe, the temporal evolution of negative oxygen ion densities in the afterglow of a HiPIMS discharge 
has been determined. The discharge was operated with a titanium target in a range of argon-oxygen gas mixtures  
(O2 partial pressures pO2 / ptotal of 0.1, 0.3 and 0.5), and with the following parameters: power Pavg = 100 W, frequency 
f = 100 Hz, and pulse width ρon = 100 µs. 
The electronegativity, (ρ = n- / ne), was observed to monotonically increase during the discharge afterglow for all three 
oxygen partial pressures up to peak values of ρ = 19, 316 and 396 for pO2 / ptotal = 0.1, 0.3 and 0.5, respectively. 
Negative ion density, n-, was observed to decrease in the afterglow with long characteristic decay times: ρO- = 1600 µs, 
525 µs and 315 µs for pO2 / ptotal = 0.1, 0.3 and 0.5, respectively. The O- density n- was found to be relatively constant 
during the initial afterglow with values of approximately n- ≈ 1 x 1015 m-3.
It is proposed that the increased electronegativity for increasing oxygen partial pressure in the discharge is due to a 
larger number of high-energy metastable oxygen molecules, O2

M, being formed during the on-phase due to higher 
oxygen availability. Results are discussed in the context of diffusive wall losses as well as volume formation and 
destruction mechanisms of both negative ions (O-) and metastable oxygen (O2

M).

Comparison of plasma diagnostics and materials 
characterization of Ni and NiO thin films deposited by 
reactive DC and HiPIMS discharges.
J.Keraudy1,2, A.Ferrec2, M. Richard‐Plouet2, M.C. Fernandez2, A.Goullet2, P.Y. Jouan2

1 IRT Jules Vernes, Chemin du Chaffault, 44340 Bouguenais, Nantes, France 
2 IMN Jean Rouxel, 2 Chemin de la Houssinière, 44300 Nantes, France

Abstract
Metal transition oxide has attracted a great deal of attention since the last decade, among them, Nickel Oxide is 
considered to be a reference for transparent pρtype semiconductor. Numerous methods to deposit NiO thin films have 
been used, among them, Direct Current (DC) reactive magnetron sputtering is considered to be the most widely used 
technique. Recently, our team synthesized these films with HiPIMS technique, where the electrical power is delivered 
during a short time, less than hundreds of µs. They showed that optical properties can be managed with pulse
width duration more accurately. Despite the large number of research, to our knowledge, a comparison of NiO films 
properties deposited under both techniques has never been reported. 

Therefore, in this communication, we will establish the link between the plasma and the thin films properties deposited 
by reactive DC and HiPIMS. The first part will introduce the result of plasma characterization obtained by optical 
emission spectroscopy (OES) measurements for both discharges. OES measurements have been performed in timeρ
averaged and time resolved mode at 3 cm above
Nickel Target for HiPIMS. In a second part, results from thin films characterization will be showed. The deposition of 
NiO films (100 nm and 300 nm) have been performed on glass, Si and ITO substrates. The influence of oxygen partial 
pressure on the structural, microstructural, compositional, optical and electrical properties of NiO films was investigated 
by Xρray diffraction (XRDρ, scanning electron microscopy (SEM), Atomic force microscopy (AFM), Xρray photoelectron 
spectroscopy (XPS), spectroscopic ellipsometry and four probes method.
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On periodic oscillations observed on cathode voltage and 
discharge current during HIPIMS process
P.Klein1, J.Hnilica1, P.Vašina1

1 Department of Physical Electronics, Faculty of Science, Masaryk University,  
Kotlářská 2, CZ–61137, Brno, Czech Republic
pklein@mail.muni.cz

HiPIMS is promising technique for depositing thin layers. Instabilities accompanying HiPIMS also known as spokes 
were firstly observed independently by Anders at al [1] and Kozyrev et al [2]. Since then, OES and Langmuir probes are 
usually used for spoke diagnostics [3]. In our research, periodic oscillations were not only observed on OES, but also 
on cathode voltage and discharge current. Alcatel SCM 650 sputtering system equipped with 20 cm titanium target 
and balanced magnetic field configuration was employed. Melec SIPP 2000 HiPIMS generator with maximum allowed 
voltage of 1000 V and maximum allowed current of 500 A was used. The generator was operated in constant voltage 
mode; discharge duration was 200 µs with repetition frequency of 50 Hz. When the discharge current overreached 
typically 250 A, the periodic oscillations of discharge current and cathode voltage with frequency around 350 kHz were 
observed. Amplitude of the current oscillations was around 25 A, amplitude of the voltage oscillations was around 
400 V. Varying discharge voltage different current time evolutions were obtained. However, the actual frequency of 
oscillations depended always on actual discharge current as seen in Fig.1. This behavior is in contrary with behavior 
observed by Winter et al [3]. Fig. 2 shows that with the increasing pressure the frequency of oscillations also increases. 
This result agrees with observations of Ehiasarian et al [4]. Aforementioned results lead us to conclusion that observed 
oscillations of electrical quantities are another, yet not described manifests of the spoke phenomenon.

[1] Anders A, Ni P, Rauch A, 2012, J. Appl. Phys.111
[2] Kozyrev A, Sochugov N, Oskomov K, Zakharov A, Odivanova A, 2011, Plasma Phys. Rep.37
[3] Winter J, Hecimovic A, de los Arcos T, Böke M, Schulz-von der Gathen V, 2014, J. Phys. D: Appl. Phys. 46
[4] Ehiasarian A, Hecimovic A, de los Arcos T, New R, Schulz-von der Gathen V,  
 Böke M, Winter J, 2012, Appl. Phys. Lett. 100

Fig.1
Actual frequency of oscillations as function of actual 
discharge current for constant argon pressure of 1 Pa 
and different applied voltages.

Fig. 2
Actual frequency of oscillations as function of Ar 
pressure. Data for different voltages are joined 
together.
This research has been supported by the 
CZ.1.05/2.1.00/03.0086 and GACR P205/12/0407 

Coating solutions and applications, produced by Ingenia 
-S3p™, the HIPIMS technology of Oerlikon Balzers 
Authors:
Siegfried Krassnitzer, Oerlikon Balzers Coating AG, Liechtenstein
Denis Kurapov, Oerlikon Balzers Coating AG, Liechtenstein
Helmut Rudigier, Oerlikon Balzers Coating AG, Liechtenstein

The unique S3p™ high power sputtering system opens up several opportunities for coating development and control 
of coating properties.  Using power density pulses from 500W/cm2 to 2000W/cm2 with very high accuracy and pulse 
duration from 0.05ms to 100ms we can control coating density and reactive gas dynamics in an unprecedented way.  
For example, with S3p™ it is possible to suppress the interaction of target poisoning and reactive gas pressure. This 
effect allows a much better control of reactive sputter processes like TiN, TiO2, ZrN and aluminum oxide. 
For cutting tools applications we found that in general, the coatings produced by S3p™ are best in class and beyond 
for selected applications.   Oerlikon Balzers was able to launch a new product series, BALIQ, including the BALIQ TAP 
ALCRONOS and BALIQ MICRO ALCRONOS coating products.

Contact to:  siegfried.krassnitzer@oerlikon.com
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On the origin of energetic metal ions during high power 
impulse magnetron sputtering of titanium
C. Maszl1†, W. Breilmann1, A. Hecimovic1, T. de los Arcos1, J. Benedikt1

and A. von Keudell1
1 Research Department Plasmas with Complex Interactions, Ruhr-Universität Bochum,
Institute for Experimental Physics II, Universitystr. 150, D-44780 Bochum, Germany

In direct current magnetron sputtering (dcMS) or any other sputter technique mechanical
properties of thin films are influenced by the released energy per incident atom or ion. The
connection between particle energies, substrate temperatures and thin film properties are documented
in structure zone diagrams [1]. Whereas the possibilities to control the energy distribution
function of atoms and hence the mechanical film properties are limited, ion energy
distribution functions (IEDF) can easily be tailored via arbitrary biasing. A high ionization degree
is therefore beneficial to create a tailored group of high energetic (HE) species.

A high degree of ionization and a high energy group of metal vapor ions occurs naturally
in high power impulse magnetron sputtering (HiPIMS) plasmas. Especially, the existence of
HE ions is a major difference to dcMS. A power scan from dcMS-like to HiPIMS plasmas was
performed, with a 2-inch magnetron and a titanium target as sputter source and argon as working
gas. Combined time- and energy resolved ion mass spectroscopy (dt =2 ms) and phase resolved
optical emission spectroscopy (dt =1 ms) measurements where used to unravel the origin of Ti+
and Ti2+ ions. It was found, due to the excellent time resolution, that low energy and high energy
groups of Ti ions for each charge state coexist at the same time. This implies that both groups
have to be created at different locations or by different creation mechanisms within the plasma.
Furthermore, the HE group appears only if the plasma is in the spoke regime [2].

A double layer (DL) model is capable to explain the obtained results. If an atom becomes
ionized inside the spokes region it is accelerated because of the DL to higher energies whereas
its energy remains unchanged if it is ionized outside. Apparently, only if spokes and a DL are
present the confined particles can gain enough energy to leave the magnetic trap. Our results
corroborate the findings of [3] and motivate why spokes are the essence of HiPIMS plasmas.

References
[1] Anders A 2010 Thin Solid Films 518 4087–4090
[2] Maszl C, Breilmann W, Benedikt J and Keudell A v 2014 arXiv:1311.7545v2
[3] Anders A, Panjan M, Franz R, Andersson J and Ni P 2013 Appl. Phys. Lett.103 144103 

†christian.maszl@rub.de, Phone: +49 234 32 23702, Fax: +49 234 32 14171

Coating solutions and applications, produced by Ingenia 
-S3p™, the HIPIMS technology of Oerlikon Balzers 
Authors:
Siegfried Krassnitzer, Oerlikon Balzers Coating AG, Liechtenstein
Denis Kurapov, Oerlikon Balzers Coating AG, Liechtenstein
Helmut Rudigier, Oerlikon Balzers Coating AG, Liechtenstein

The unique S3p™ high power sputtering system opens up several opportunities for coating development and control 
of coating properties.  Using power density pulses from 500W/cm2 to 2000W/cm2 with very high accuracy and pulse 
duration from 0.05ms to 100ms we can control coating density and reactive gas dynamics in an unprecedented way.  
For example, with S3p™ it is possible to suppress the interaction of target poisoning and reactive gas pressure. This 
effect allows a much better control of reactive sputter processes like TiN, TiO2, ZrN and aluminum oxide. 
For cutting tools applications we found that in general, the coatings produced by S3p™ are best in class and beyond 
for selected applications.   Oerlikon Balzers was able to launch a new product series, BALIQ, including the BALIQ TAP 
ALCRONOS and BALIQ MICRO ALCRONOS coating products.
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Cr thin films deposited by DOMS (Deep Oscillations 
Magnetron Sputtering) with a Cyprium III power source.
J.C. Oliveira, F. Ferreira, R. Serra, and A. Cavaleiro
SEG-CEMUC, University of Coimbra, Dept. Mechanical Engineering 
Rua Luis Reis Santos, 3030-788, Coimbra, Portugal
Corresponding author: joao.oliveira@dem.uc.pt

Magnetron sputtering technologies are widely used for the deposition of thin films in many commercial applications.  
In recent years, high power impulse magnetron sputtering (HiPIMS) and modulated pulse power magnetron sputtering 
(MPP), a variation of HIPIMS, have shown great advantages as compared to the conventional (DCMS) and pulsed dc 
magnetron sputtering (PMS) techniques. Unlike the simple one pulse shape in HIPMS, MPP generates a high density 
metal ion plasma by first producing a weakly ionized plasma followed by a transition to a strongly ionized plasma within 
one overall pulse. However, commercially available HiPIMS plasma generators have not been able to create stable and 
arc-free discharges in many reactive processes.

In this work a new method of generating an arc free discharge for reactive HiPIMS has been used. A Cyprium III plasma 
generator from ZPulser has been used to deposit Cr thin films by deep oscillation magnetron sputtering (DOMS). Each 
DOMS pulse consists of a packet of single oscillations. The voltage and current gradually increase to their maximum 
value (Vp and Ip) during the voltage on-time (ton), and then gradually decay, reaching zero before the end of the 
oscillations period (T). As shown in figure 1, the resulting discharge is highly ionized with a n exponent calculated from 
the empirical power law I = k x Vn well below the typical DCMS values.

The effect of deposition pressure and peak current on the structural (X-Ray diffraction), chemical (Electron Probe Micro-
Analysis) and morphological (Scanning Electron Microscopy) properties of the films was studied. All depositions were 
done at constant average power (1.2 KW) and a constant thickness of 1 micrometer was deposited for all the films. 
Increasing the peak current at constant pressure (0.8 Pa) allows the deposition of more compact Cr films. The columnar 
structure similar to the one obtains by DCMS slowly transforms in a dense morphology without any porosity. The 
hardness of the Cr films increases from 9 to 16 GPa while their Young modulus remains close to the bulk value. The 
peak current increases with the deposition pressure while the peak voltage has the opposite trend. The films deposited 
by DOMS have a strong [110] preferential orientation in contrast to the films deposited by DCMS which show mixed 
[110] and [111] preferential orientations.

Keywords: HIPIMS, DOMS, Sputtering, Cr, Thin films

Figue 1 
I-V characterisitcs for the DCMS 
and DOMS discharges used in 
this work.

Combination of HiPIMS and PBII for the generation of high 
functional surfaces
Martin Polak1, Antje Quade1, Angela Kruth1, Thomas Weihe1, Maik Fröhlich1,  
Klaus-Dieter Weltmann1, 
1Leibniz-Institute for Plasma Science and Technology (INP Greifswald), Greifswald, Germany

Due to the high flexibility of magnetron sputtering, based on a variety of suitable materials for deposition, the field 
of applications is very broad. This includes e.g. surface enhancement for optical technologies, scratch and wear 
resistance, anti-finger print coatings, photocatalytic coatings as well as the utilization in the semiconductor industry. 
The magnetron sputtering process can be operated in DC, pulsed DC or in RF-Mode.

High Power Impulse Magnetron Sputtering (HiPIMS) is a comparatively new technology and its application potential is 
very high. It is distinguished from conventional sputtering methods by a significantly higher ionization rate of target ions 
up to 80% and therefore enables a defined production of coating structures. Furthermore, HiPIMS is advantageous 
due to its lower thermal stress towards the treated samples and the high surface homogeneity even for complex 
shaped substrates. Especially, the homogenously coating of edges has to be emphasized. 

To further improve the HiPIMS coating process, the combination with Plasma Based Ion Implantation (PBII) is very 
promising. The high density of target ions combined with their high ionization rate is a perfect basis for ion implantation 
of selected materials. Hence, the generation of doped coating systems even on 3D-objects is possible. 

The presentation deals with results concerning the deposition of copper and silver based coating systems via PBII 
coupled HiPIMS. The focus of the work was to develop a doping process for coatings on polymers. To characterize 
the modified surface the elemental composition in combination with depth profiles, the roughness and the crystalloid 
structure were analyzed. 

  
Fig. 1
Pictures of the vacuum chamber (left) and the HiPIMS discharge at the copper target (right).
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Corrosion Properties of TiN Thin Films Grown by Combined 
HIPIMS/DCMS and Arc Evaporation Techniques

Arunprabhu A. Sugumaran*, Arutiun P. Ehiasarian and Papken Eh. Hovsepian 
Nanotechnology Centre for PVD Research, Sheffield Hallam University, Howard Street, 
Sheffield, S1 1WB, United Kingdom.

In this work, corrosion properties of TiN thin films grown by combined HIPIMS/DCMS and arc evaporation techniques 
have been studied. The effect of metal- rich core of the droplets on the corrosion resistance of TiN coating deposited 
by arc evaporation is discussed and the corrosion behaviour of such coating is compared to the corrosion behaviour 
of TiN coating grown by combined High Power Impulse Magnetron Sputtering/dc Magnetron Sputtering (HIPIMS/
DCMS). For this research, an industrial size Hauzer HTC 1000-4 system enabled with HIPIMS technology was used 
for the deposition of combined HIPIMS/DCMS-TiN coating. It was observed that in arc deposited coatings, when 
immersed in an electrolyte, a galvanic couple is formed between the droplet core (Ti-rich) and the surrounding TiN 
matrix, which triggers localized corrosion. To better reveal this mechanism the core of the droplets was deliberately 
exposed by gentle polishing of the as deposited arc coatings. The corrosion behaviour of the coatings was studied by 
potentiodynamic polarisation tests (ACM instruments potentiostat, -1V to +1V) using 3.5% NaCl solution. It was found 
that when polished, the corrosion performance of the arc-TiN coatings deteriorated significantly due to severe pitting 
of the exposed metal-rich core of the droplets. It was further demonstrated that the droplet free HIPIMS/DCMS-TiN 
coatings outperformed arc-TiN coatings. Raman analysis was used to study the constitution of the corrosion product 
and evaluate the corrosion damage. Scanning electron microscopy (SEM, planar view) was used to examine as 
deposited and corroded coating surfaces to define morphological differences.
 

*Corresponding author: Arunprabhu A. Sugumaran,
Sheffield Hallam University, City Campus, Howard Street, Sheffield, S1 1WB, UK.
 E-mail: Arunprabhu.ArunachalamSugumaran@student.shu.ac.uk; Phone: +44 114 225 4081.

Effect of peak power on Cr thin films deposited by HiPIMS 
in DOMS (Deep Oscillations Magnetron Sputtering) mode.
F. Ferreira, R. Serra, J.C. Oliveira, A. Cavaleiro
SEG-CEMUC, University of Coimbra, Dept. Mechanical Engineering
Rua Luis Reis Santos, 3030-788, Coimbra, Portugal
Corresponding author: fabiodesousaferreira@gmail.com

The advent of High-power Impulse Magnetron Sputtering (HiPIMS) and its variant Modulated Pulsed Power Magnetron 
Sputtering (MPPMS) allowed a new knob to control the flux of sputtered species, i.e., a new knob to control the kinetic 
effects on the growing film. Recently, a new design of the MPPMS pulses has been proposed to reduce arc generation. 
This form of high power pulses has been named deep oscillation magnetron sputtering (DOMS). An example of the 
discharge voltage and current oscillating waveforms used in this work is shown in figure 1. Each DOMS pulse consists 
of a packet of single oscillations. The voltage and current gradually increase to their maximum value (Vp and Ip) during 
the voltage on-time (ton), and then gradually decay, reaching zero before the end of the oscillations period (T).

In this work, the influence of the kinetic effects induced by a DOMS discharge on Cr sputtered thin films was studied 
and compared to a DCMS discharge. The Cr thin films were deposited with increasing peak power at the same 
average power (1.2 kW) in order to minimize changes in the thermal effects that also influence film growth.
The Cr films deposited by DCMS have a columnar morphology, a [110] preferential orientation, hardness between 7.2 
e 8.5 GPa and a maximum Young modulus of 255 GPa, always lower than the value of the bulk material. Although 
substrate polarization up to -110 V was used, some porosity always remained in the DCMS films.

The deposition rate of the Cr films deposited by DOMS decreases from 60 to 30% of the DCMS deposition rate with 
increasing peak power. The films also have a [110] preferential orientation. Increasing the peak power changes the 
film morphology from columnar to dense, increases the hardness up to 17 GPa, increases the lattice parameter and 
decreases the grain size. The Young modulus of the films is always close to the bulk material value showing all the films 
are porosity free. Bombarding the growing film with Cr ions allows a complete elimination of the porosity in the film, i.e., 
overcoming the shadowing effect, in opposition to substrate biasing in DCMS.

Keywords: HIPIMS, DOMS, Sputtering, Cr, Thin films

Figure 1
Typical I-V waveforms of a DOMS 
pulse used on this work
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Analysis of Cu, Ti and Ni Plasma Generated by Inductively 
Coupled Impulse Sputtering (ICIS)
Daniel A. L. Loch*, Arutiun P. Ehiasarian
HIPIMS Technology Centre, Sheffield Hallam University, Sheffield, UK

Inductively coupled impulse sputtering (ICIS) is a new development in the field of highly ionised plasma processes. 
To eliminate the need for a magnetron, ICIS utilises a high power pulsed-RF coil to generate the plasma and a 
perpendicular electromagnetic field to the target in combination with high voltage DC pulses on the cathode. This 
arrangement of technologies allows the generation of high density highly ionised metal plasma of materials that are 
challenging with magnetron based processes such as magnetic materials.

This paper gives an overview of the properties of Cu, Ti and Ni plasmas by measuring the optical emission; energy 
resolved mass spectroscopy as well as the current and voltage waveforms. 

The experimental setup comprises of a 13.56 MHz pulsed RF coil operating at a frequency of 500 Hz and a pulse 
width of 150 µs, which results in a duty cycle of 7.5 %. A pulsed DC voltage of 1900 V was applied to the cathode to 
attract Ar ions and initiate sputtering.

All measurements were made in two different modes. Mode 1 was at a constant pressure of 13 Pa and varied RF 
power settings of 1000 W - 4600 W examining the influence of power on the process. In mode 2 the effect of pressure 
on the process was investigated by keeping a constant RF power setting of 3000 W, while changing the pressure from 
3 Pa to 27 Pa.

Optical emission spectra (OES) of Ar neutrals show a linear rise for increasing power in a log-log graph. Intensities of 
Ti and Ni neutrals also rise linearly with the slope in a log-log graph being twice as steep as for Ar neutrals. For Ti and 
Ni ions the slope of the intensity rises about three times faster than for Ar neutrals. These results are reconciled with 
a model which is based on electron collision as the primary excitation and ionisation mechanism for RF magnetron 
processes. While the Ar neutral line in the Cu plasma rises as in the Ti and Ni plasmas, the Cu neutral and ion slopes 
do not adhere to the model prediction. 

OES intensities for increasing process pressure show a linear rise for Ar and Ni neutrals at pressures of 3-10 Pa and 
remain constant for pressures up to 27 Pa. Ni ion intensities remain constant for all pressures. 
ERMS results for Ni1+ show a non-maxwellian ion energy distribution with a high intensity peak at 20 eV and a lower 
intensity peak at 170 eV. 

The results for pressure varied OES and ERMS of Cu and Ti plasmas are currently being analysed.
Current and voltage waveforms exhibit a fast rise to the peak value with the current following the voltage. After reaching 
the peak values there is a steep decline to a value which is held until the end of the pulse. For higher RF powers there 
can be a tie-in in the voltage after the peak, before increasing to a sustainable level again. For the highest power 
settings a breakdown of the current and voltage can be observed.

The current work has looked at the plasma properties of Cu, Ti and Ni ICIS plasmas. These results give an overview of 
the plasma properties for materials with different characteristics that can be found in many more materials. Especially 
the results for magnetic materials are very promising for the deposition of materials that have been difficult to utilise in 
conventional magnetron sputtering.

* Corresponding author.
Phone: +44 (0) 114 225 2971  Fax: +44 (0) 114 225 3501  Email: d.loch@shu.ac.uk

Dynamic and isothermal oxidation behaviour of HIPIMS 
deposited Mo-W doped carbon-based coating
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1 Nanotechnology Centre for PVD Research, HIPIMS Research Centre, Sheffield Hallam 
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2  IHI Hauzer Techno Coating BV
Email address: 200712mum@gmail.com

Wear resistant, low friction and thermally stable tribological coatings are in high demand for enhancing the overall 
tribological performance of the moving engine parts. A very essential characteristic of such coatings is to retain their 
stability at high temperature in both dry and lubricated conditions. The current research addressed the development 
and performance of molybdenum and tungsten, (Mo-W) doped carbon-based coatings in dry atmosphere at high 
temperature. The coatings were deposited by the combined high power impulse magnetron sputtering (HIPIMS) 
and unbalanced magnetron sputtering (UBM) technique on stainless steel substrate. In this paper the dynamic and 
isothermal oxidation behaviour of the coatings in air is reported in detail.

Thermo-gravimetric tests were carried out on three HIPIMS deposited Mo-W doped carbon-based coatings with 
different metal concentrations (10.5%, 17.8% and 20%), in order to study the dynamic oxidation behaviour up to 
1000°C. In the same experiment, a standard state-of-the art hydrogenated DLC coating produced by plasma assisted 
chemical vapour deposition (PACVD) technique was used as a benchmark. The dynamic oxidation curves of all the 
Mo-W doped carbon-based coatings showed no change up to 400°C. A minor change in mass gain was detected in 
the temperature range 500°C – 700°C and then a sudden sharp rise was observed at ~800°C, indicating the onset of 
rapid oxidation. The hydrogenated DLC coating showed constant mass loss after 380°C due to intensive evaporation 
of carbon, (carbon converting to CO and CO2) and spalation from the substrate.

Based on this dynamic oxidation behaviour, the Mo-W doped carbon-based coatings were subjected to further 
isothermal oxidation tests.  These tests were carried out in the temperature range 400°C – 800°C depicting the initial 
stages of oxidation. The phase composition of the oxidised samples was examined using XRD, EDX and Raman 
spectroscopy techniques. The XRD and EDX analyses revealed that the coating with high metal content (20%) initiated 
oxidation at 400°C, whereas the other coatings showed the first evidence of oxidation at 500°C. The substrate was 
exposed for all the coatings when heated to 600°C. This was evidenced by the presence of oxides based on the 
substrate elements like FexOy and CrxOy in the XRD patterns and the existence of Fe and Cr in EDX spectra. With 
increasing the temperature up to 800°C, the oxidation process developed further and metal oxides (FexOy and CrxOy) 
and carbides (CrxCy) were formed. It is believed that the metal carbides were formed by a combination of out-diffusion 
of chromium into the coating and diffusion of carbon into the substrate.

Observations from Raman analysis further consolidated the XRD and EDX results. For the coating with lower metal 
content (10.5%) the phonon bands for disordered and ordered graphite (D and G) were observed up to 700°C 
indicating availability of free carbon in the coating. However, at high temperature the ID/IG ratio was reduced, which 
indicates change in the bonding structure of the graphitic phase. For the higher metal content coatings (17.8% and 
20%) the D and G bands were found to be present up to 500°C, however they disappeared with further increase 
in temperature (600°– 800°C). The absence of graphitic carbon bands at these higher temperatures indicates that 
the coatings were predominantly transformed of metal oxides phases such as WxOy, MoOx, FexOy and CrxOy. These 
studies showed that HIPIMS deposited Mo-W doped carbon-based coatings show relatively high thermal stability (first 
evidence of oxidation at 500°C), whereas the PACVD deposited hydrogenated DLC coating deteriorate their protection 
properties after 380°C. 
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Development of HIPIMS technology for superconductive 
coated cavities

HIPIMS is gaining large consensus around the world as a possible solution to overcome the problems faced with 
standard dcMS for the superconductive thin film coatings on copper RF cavities. Given the wide parameter space 
available with HIPIMS it is informative to draw out th relationship between plasma parameters microstructure and 
quality of the film produced. Influence of different discharge settings (pulse width, current density and frequency) 
has been studied in order to improve film performance. Samples have been produced in order to analyse the film 
microstructure, correlated to the plasma parameters, as well as superconductive properties. The microstructure 
showed an interesting behaviour, with the grain size increasing with the peak discharge current; the Residual 
Resistance Ratio (RRR) is inversely proportional to the current for short pulse widths, while it is directly proportional 
to the current for longer pulse widths. This seems to be related to an increasing number of grains with (110) 
crystallographic orientation in the deposited film. The performance of superconductive cavities produced with HIPIMS 
is comparable with some of the best dcMS coated ones. 

Interesting results are obtained with OES and MS comparing argon and krypton process gases. In particular more 
energetic ions are produced when using krypton as process gas due to the longer mean free path for elastic collisions 
for the same pressure. The effect of the biasing voltage on the film structure has also been investigated. Experiments 
on cavities have been conducted at CERN while samples have been prepared both at Sheffield Hallam University and 
at CERN. This allows us to make a comparison between the two different experimental setups. Results on plasma 
analysis, superconductive properties and film morphology will be presented as well as the performance of the latest 
HIPIMS-coated cavities.

Giovanni Terenziani
CERN  
CH-1211 Geneva 23 
Switzerland
Phone: 0041227674769
Mobile: 0041227166422
E-Mail: Giovanni.Terenziani@cern.ch

Different process parameters controlling reactive  
high-power impulse magnetron sputtering of dielectric  
oxide films
Jiri Rezek*, Jaroslav Vlcek, Alexandr Belosludtsev
Department of Physics and NTIS – European Centre of Excellence, University of West Bohemia,  
Univerzitni 8, 306 14 Plzen, Czech Republic
*jrezek@ntis.zcu.cz, phone: +420 377632269, fax: +420 377632202

High-power impulse magnetron sputtering (HiPIMS) with a pulsed reactive gas (oxygen) flow control [1] was used for high-
rate reactive depositions of densified stoichiometric ZrO2, HfO2 and Ta2O5 films on a floating substrate. The depositions 
were performed using a strongly unbalanced magnetron with a planar Zr, Hf and Ta target of 100 mm diameter in argon-
oxygen gas mixtures at the total pressure close to 2 Pa. The repetition frequency was 500 Hz at the average target power 
density from 29 Wcm-2 to 54 Wcm-2 during a deposition with duty cycles from 2.5 % to 10 %. The target-to-substrate 
distance was 100 mm. For the same duty cycle of 10 %, the deposition rates were up to 120 nm/min for the ZrO2 films, 
up to 125 nm/min for the Ta2O5 films and even up to 345 nm/min for the HfO2 films. In this presentation, we report on 
discharge characteristics during the controlled reactive HiPIMS of these films and on important quantities characterizing 
the reactive sputter deposition processes, namely, the deposition rate of films, the deposition-averaged oxygen flow rate 
and the deposition rate per deposition-averaged oxygen flow rate. A particular attention will be paid to the choice of a 
suitable process control parameter, either the average discharge current in a period of a pulsed power supply or the 
oxygen partial pressure in a vacuum chamber, for a given deposition. It is based on a time-dependent response of these 
two process parameters to constant flow rate pulses of oxygen into the chamber.

Reference
[1] J. Vlcek, J.Rezek, J.Houska, R. Cerstvy, R. Bugyi, Process stabilization and a significant enhancement of the  
 deposition rate in reactive high-power impulse magnetron sputtering of ZrO2 and Ta2O5 films, Surf.  
 Coat. Technol. 236 (2013) 550.
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Ag- and Cu-flexible surfaces leading to fast bacterial 
inactivation in the dark: comparative study DCMS vs 
HIPIMS depositions
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a Ecole Polytechnique Fédérale de Lausanne, EPFL-SB-ISIC-GPAO, Station 6, CH-1015,  
 Lausanne, Switzerland 
b Sheffield Hallam Univ, Howard St, Sheffield, S1 1W, BUK
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 38108 Braunschweig, Germany
d Ecole Polytechnique Fédérale de Lausanne, EPFL-SB-ISIC-LPI, Bat Chimie, Station 6,  
 CH1015, Lausanne, Switzerland

Abstract
Compact uniform and adhesive films of Ag and Cu on flexible substrate have been prepared by DC-magnetron 
sputtering (DC) and high power impulse magnetron sputtering (HIPIMS). This study reports the HIPIMS deposition for 
Ag and Cu on textile fabrics, the bacterial inactivation kinetics and the nature of the species in the plasma produced 
during HIPIMS sputtering. The deposition rates of Ag and Cu atoms and the bacterial inactivation times in the dark 
reported as a function of the peak current during the sputtering processes. The atomic percentage concentrations 
changes of the surface elements and the changes in the oxidation states of Ag and Cu were monitored during E. coli 
inactivation by X-ray photoelectron spectroscopy (XPS),. The Ar and metal-ions produced in the magnetron chamber 
were determined quantitative mass spectroscopy (QMS). A mechanism is suggested for the bacterial inactivation in the 
dark for the Ag and Cu sputtered surfaces.

SiyNx coatings deposited by reactive High Power Impulse 
Magnetron Sputtering
S. Schmidt*, C. Goyenola, T. Hänninen, J. Jensen, G. K. Gueorguiev, and H. Högberg
Thin Film Physics Div., Department of Physics (IFM), Linköping University, 
SE-581 83, Sweden

Abstract
Reactive high power impulse magnetron sputter (HiPIMS) processes for the deposition of SiyNx films were investigated 
with respect to SiyNx properties as well as the plasma composition, particle energy, and discharge characteristics. 
Additionally, experimental results are complemented by first-principles calculations based on density functional theory. 
These calculations on most abundant plasma precursor fragments provide information on their relative stability, 
abundance, and reactivity. The SiyNx film growth and plasma characterization were conducted in an industrial coater, 
using pure Si targets and N2 as reactive gas. The impact of different process parameters such as deposition pressure, 
N2-to-Ar flow ratios varied between 0 and 0.31, pulse frequencies ranging from 100 to 1000 Hz as well as different 
average power settings on the SiyNx deposition process and the film properties were investigated. Furthermore, 
the metallic and reactive HiPIMS processes were studied with time resolved and time averaged positive ion mass 
spectrometry, using the most abundant Si and N isotopes as well as precursor fragments to characterize the plasma. 
Mass spectrometry results show high relative amounts of ionized isotopes for N2-to-Ar flow ratios lower than 0.16 
during the initial part of the pulse, while relative signals from ionized molecules rise with the N2-to-Ar flow ratio at the 
pulse end. The films were characterized with respect to their composition, chemical bonding and residual stresses as 
well as mechanical properties by X-ray photoelectron spectroscopy, elastic recoil detection analysis, X-ray diffraction, 
and nanoindentation, respectively.

The SiyNx deposition processes and film properties were found to be influenced primarily by the N2-to-Ar flow ratio and 
thus the nitrogen content in the SiyNx films as well as to a lower extent by the HiPIMS frequencies and power settings. 
At increased N2-to-Ar flow ratios the deposition rates, the amount of incorporated Ar, adsorbed surface O and residual 
stresses decrease, whereas the hardness and the H/E ratio increased.

*corresponding author. 
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Effects of HIPIMS Deposition Pressure on (Ti, AI)N Film 
Properties at Inner Wall of Sub-Millimeter Scale on Small 
Holes

Tetsuhide SHIMIZU1*, Hidetoshi KOMIYA2, Tomotaro WATANABE2, Yoshikazu TERANISHI2, 
Hiroshi NAGASAKA2, Kazuo MOROKAWA2, Ming YANG1

1 Division of Human Mechatronics Systems, Tokyo Metropolitan University, Tokyo/Japan
2 Tokyo Metropolitan Industrial Technology Research Institute, Tokyo/Japan

Abstract
Conventional hard film deposition process confronts the difficulties in the deposition of high performance films on the 
inner wall of closed shaped micro-dies with sub millimeter scale holes. In order to enhance the tool life as in industrial 
scale, thin films with anti-adhesive and high wear toughness are required to deposit uniformly on the three dimensional 
complicated shape structure. Focusing on the great possibility of HIPIMS deposition, the authors demonstrated its 
availability and practical advantages for the microforming die in the previous report. For the further enhancement of the 
thin film properties at inner wall of sub millimeter scale small holes, the present study investigated the impact deposition 
pressure during the HIPIMS process. As representative of the basic nitrides thin files (Ti, AN)N films was deposited 
by HIPIMS under various pressures of 0.5, 1, 2 Pa on the sub millimeter scale small holes. This small hole structure 
was realized by clamping the comb shaped stainless steel plates with two flat high speed steel (HSS) substrates.  
To characterize the film properties at different position of inner wall depth, the several analytical techniques were 
performed. A field emission scanning electron microscopy (FE-SEM) was used to evaluate the surface morphology 
and cross sectional microstructure, which is prepared by a focused ion beam process (FIB). Additionally, the local 
elementary composition at each position of inner wall depth was analysed by an energy dispersive X-ray spectroscopy 
(EDX) coupled with the above FE-SEM. As results, the higher deposition rate at the inner wall of tiny holes was shown 
for the lower pressure conditions as expected. Furthermore, the local chemical composition analysis showed the 
varying tendency from the entrance to the deeper position of the holes. Particularly, the deposition pressure affects 
strongly the elementary composition ratio of Ti / AI and N / (Ti, AI) at each position of the inner wall depth. Based on 
these results, the (Ti AI)N thin film growth at sub millimeter scale holes and the appropriate HIPIMS deposition pressure 
conditions to obtain the uniform and high wear-resisted film coating were discussed in view of the application to 
microforming die.

Reference
[1] T.Shimizu at al: HIPIMS deposition of TiAIN films on inner wall of micro-dies and its applicability in micro-sheet metal 
forming, Surface and Coating Technology, In Press, (2014) (http://dx.doi.org/10.1016/j.surfcoat.2014.02.008)
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HIPIMS deposition of p-type iridium oxide films
V. Sittinger *, S. K. Gurram, D. Niewerth, J. Köhler, G. Bräuer
*volker.sittinger@ist.fraunhofer.de
Fraunhofer Institute for Surface Engineering and Thin Films IST, Bienroder Weg 54E, 38108 
Braunschweig, Germany

Abstract
One of the important requirements for today’s electronic applications, like displays, electro-chromic devices, light 
emitting diodes or solar cells, is a stable and if necessary a transparent p-type conducting film. Iridium oxide (IrO2) 
has been studied for its p-type conductivity for many years using DC and RF sputtering technologies. In this current 
work we deposited IrO2 using high power impulse magnetron sputtering (HIPIMS) at room temperature. For these 
depositions various process parameters like oxygen flow, total pressure, pulse frequency, duty cycle and power applied 
at the target as well as target to substrate distance were varied and studied. Further, we also deposited IrO2 with RF 
sputtering in order to compare them with the HIPIMS films. 

The resulting electrical, optical and morphological characteristics of these films were analyzed for their p-type 
conductivity and transparency. The changes in the film properties with the changes in process variables and also the 
results of these analyses will be discussed and presented. The optimized IrO2 film was tested for its p-type conductivity 
by replacing the p-doped layer in a pin-amorphous Si:H solar cell.

Keywords: HIPIMS, p-type oxide, iridium oxide



Abstract Book

35

Abstract Book

34

Investigation of ionized metal flux in enhanced High Powe 
Impulse Magnetron Sputtering discharge
V. Stranak1,*, Z. Hubicka2, M. Cada2, S. Drache3, R. Hippler3

1 University of South Bohemia, Branisovska 31, 370 05 Ceske Budejovice, Czech Republic
2 Academy of Sciences of the Czech Rep., Institute of Physics, Na Slovance 2, 18221 Prague 8,  
 Czech Republic
3 University of Greifswald, Institute of Physics, Felix-Hausdorff-Str. 6, 17489 Greifswald, 
Germany

High Power Impulse Magnetron Sputtering (HiPIMS) is the term for dc-pulse magnetron discharge operated at low 
repetition frequency (typically about 100 Hz) with duty cycles of about 1%. This magnitude of duty cycle together with 
applied average current density  /av  ≈ 20-40 mA/cm2 to the magnetron cathode results in a high current  density in 
pulse 2 - 4 A/cm2 and production of high density plasma with electron and ion concentration ne,i ≈ 1018-1019 m-3 where 
high fraction of sputtered particles is ionized. Ionized species to be deposited are easily affected by an electric field 
and their energy and direction can be manipulated. Further, it was shown that film properties (smoothness, density, 
adhesion, crystallography, etc.) improve if sputtered particles are ionized. Our attention is focused on the measurement 
of ionized flux and degree of ionization of sputtered species in assisted ECWR-HiPIMS discharge.

Measurements were performed in HiPIMS discharge supported by Electron Cyclotron Wave Resonance (ECWR) 
plasma. Continuously driven ECWR discharge provides a pre-ionization effect which allows (i) a significant reduction 
of the working pressure, (ii) results in an enhanced ionization of metal atoms and (iii) leads to a faster ignition and 
development of the HiPIMS pulse. The magnetron cathode was equipped (stepwise) with targets made from different 
materials (Ti, Cu, Al, Fe). 

The ionization of sputtered species was measured in wide range of pressures using modified quartz crystal 
microbalance (QCM) biased with a positive voltage Vb applied on the collecting electrode coated on the quartz crystal. 
The modification of QCM device is based on a new technical configuration capable to separate electrons from the 
surface of quartz crystal collecting electrode when the positive bias Vb is applied for repelling of all positively ionized 
particles. No electrostatic grids are necessary in this configuration. All deposited species (ions, neutrals) contribute to 
the total flux when Vb potential is lower than the plasma potential Vpl. In contrast, the positive ions are repelled when  
Vb > Vpl and only neutral species yields to the deposition rate. In this way, it is possible to get information about ratio of 
ionized and neutral fluxes of depositing particles incorporated in the deposited film. 

Measurement carried out by energy-resolved mass spectrometer was used for qualification of ionized flux. It was found 
that ionization degree of sputtered particles depends on pressure significantly. Ionized metal species M+, M2+ and 
neutral M are typically observed at low pressures while M+ become dominant if pressure increases. 
 
* corresponding author: Vitezslav Stranak
University of South Bohemia, Branisovska 31, 37005 Ceske Budejovice, Czech Republic 
stranv00@centrum.cz, phone: +420 387 776 269

Simulation of Neutral Particle Transport in High Power 
Impulse Magnetron Sputtering
Jan Trieschmann, Sara Gallian, Denis Eremin, Ralf Peter Brinkmann, Thomas Mussenbrock
Ruhr University Bochum, Department of Electrical Engineering and Information Sciences, 
Institute of Theoretical Electrical Engineering, D-44780, Germany
Phone: +49 234 32 29475, Fax: +49 234 32 14479, E-mail: jan.trieschmann@rub.de

The spatial and temporal evolution of plasmas in the high power impulse magnetron sputtering (HiPIMS) regime as well 
as the dynamics of the neutral gas species are crucial for the understanding of the overall plasma deposition process. 
The plasma is locally highly ionized and as such the neutral gas is no longer a constant background in these ionization 
zones. Moreover, the interaction of energetic sputtered particles with the neutral gas can result in substantial gas 
heating and therefore strong rarefaction. From a modeling perspective, due to the low operating pressures typically 
below 1 Pa, a kinetic description of the involved gas dynamic and plasma processes is required [1].
In this work, the modeling of the described processes is approached in terms of a modified version of the three-
dimensional Direct Simulation Monte Carlo (DSMC) code dsmcFoam [2], which is part of the open source CFD toolbox 
OpenFOAM [3]. A time-varying flux of sputtered aluminum particles is imposed at the target of a generic cylindrical 
plasma reactor geometry. The kinetic simulation of the former mimics the strong sputtering wind resulting from a short 
current pulse typical for HiPIMS discharges. This allows us to investigate the transport of sputtered aluminum particles 
through a neutral gas atmosphere of argon and its impact on the latter. First, we analyze the particle densities and 
fluxes inside the described discharge reactor. We next investigate the influence of different pulse parameters, e.g., 
the pulse duration, the repetition rate, or the sputtered particle flux of current pulse on the individual particle densities 
and fluxes. We comment on the significance of the mentioned discharge parameters in particular with respect to 
the inherent time scales and time delays respectively. Finally, we discuss the observed spatiotemporal evolution and 
determine the significance of the sputtering wind for the dynamics of the neutral argon gas. As expected, we find 
its influence to be largest in the region below the mimicked race track where the strongly ionized plasma zones are 
assumed.

This work is supported by the German Research Foundation (DFG) in the frame of Collaborative Research Centre  
SFB-TR 87.
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[3] OpenFOAM: The Open Source CFD Toolbox, User Guide version 2.2.2, 2013.
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Influence of pulse on time and frequency variation on the 
properties of Cu coatings performed by HiPIMS power 
source
Naresh Vaghela, Suryakant Gupta, Keena Kalaria and S.Mukherjee
FCIPT, Institute for Plasma Research, India

Abstract:
HiPIMS is the novel technology used for physical vapour deposition where high peak power unipolar pulses are applied 
to the target. HiPIMS offers benefits of high plasma density, better adhesion of coated films, high coating density and 
very low surface roughness. In addition to this, it is possible to dump peak power up to few MW without unnecessary 
increase of cathode temperature. Characteristic for HIPIMS is that the power is supplied to the sputter target in 
short pulses of few µs at low frequencies. As a result high density plasma is produced leading to a large increase of 
the ionization probability of the sputtered material. The high ion-to-neutral ratio in HIPIMS enables the deposition of 
dense and smooth metallic and compound films. The present investigation focused to study the influence of the pulse 
parameters on the surface properties of the Cu films. The results are observed by varying the frequency and pulse 
on time between 10 -100Hz and 10uS - 200uS respectively. The coated films are characterised by SEM, XRD and 
AFM. It has been observed that the decrease of pulse length at constant mean power gives considerable increase of 
cathode current and the deposition rate reduced with decreasing pulse on time. Also HiPIMS deposited coatings were 
approximately 5-15% denser compared to the DC sputtering.

Type of Presentation: Poster Presentation
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Benefits of the controlled reactive high-power impulse 
magnetron sputtering of dielectric films
Jaroslav Vlcek * and Jiri Rezek
Department of Physics and NTIS – European Centre of Excellence, University of West Bohemia,  
Univerzitni 8, 306 14 Plzen, Czech Republic
*vlcek@kfy.zcu.cz, phone: +420 377632200, fax: +420 377632202

We have proposed a pulsed reactive gas flow control (RGFC) of the reactive high-power impulse magnetron sputtering 
(HiPIMS) to avoid substantial problems with arcing on target surfaces during reactive sputter depositions of dielectric 
films at high target power densities and with low deposition rates achieved [1].

Using this process control, we are able to maintain sputter deposition of the dielectric stoichiometric films in the region 
between a more and less metallic mode, and to utilize exclusive benefits of the HiPIMS discharges, such as intense 
sputtering of atoms from the target, very high degrees of dissociation of RG molecules in the flux onto the substrate, 
strong “sputtering wind” of the sputtered atoms, highly ionized fluxes of particles to substrate and enhanced energies 
of the ions bombarding the growing films, in preparation of the films.

HiPIMS with the pulsed RGFC was used for high-rate reactive depositions of densified, optically transparent zirconium 
and hafnium dioxide films on a floating substrate at a distance of 100 mm from the target. An optimized location of the 
oxygen gas inlets in front of the target and their orientation to the substrate surface made it possible to improve quality 
of the films due to minimized arcing at the sputtered target and to enhance their deposition rates up to 120 nm/min for 
the zirconium dioxide films and even up to 345 nm/min for the hafnium dioxide films at a deposition-averaged target 
power density close to 50 Wcm-2 and a voltage pulse duration of 200 µs. Details of the deposition processes, including 
an energy-resolved mass spectrometry at the substrate position and computer simulations, and measured properties 
of the films will be presented.

Reference
[1] J. Vlcek, J.Rezek, J.Houska, R. Cerstvy, R. Bugyi, Process stabilization and a significant enhancement of the  
 deposition rate in reactive high-power impulse magnetron sputtering of ZrO2 and Ta2O5 films, Surf. Coat.  
 Technol. 236 (2013) 550.
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Structural, electrical and optical properties of Zn-Ir-O  
thin films

M. Zubkins*, R. Kalendarevs, J. Gabrusenoks, K. Vilnis, A. Azens, J. Purans
Institute of Solid State Physics, Kengaraga 8, Riga, Latvia, LV-1063 
Phone: +371 67 25 16 91  Fax: +371 67 13 27 78  *E-mail: zubkins@cfi.lu.lv

Transparent conducting oxides (TCOs) are the metal oxides having good optical transparency and high electrical 
conductivity. The present potential applications of TCO thin films are transparent electrodes for at panel displays 
and photovoltaic cells, low emissivity windows, window defrosters, transparent thin films transistors, LEDs and 
semiconductor lasers [1]. One of the obstacles to further developments of transparent electronics based on 
transparent conductive oxide thin films is lack of p-type conductors.
Amorphous ZnO-IrO2 thin films deposited by pulsed laser deposition at room temperature are reported to be potential 
p-type TCOs [2]. In the present study, we have investigated properties of Zn-Ir-O thin films deposited by reactive DC 
magnetron sputtering.

Zn-Ir-O thin films were deposited on glass, Si and Ti substrates by reactive DC magnetron sputtering from a metallic 
Zn (99.95 %) target with Ir pieces on the target surface in an Ar+O2 atmosphere. A set of samples was deposited 
at different oxygen to argon gas ratios (1/4, 1/2/, 1/1) and at different fractions of iridium on the zinc target erosion 
zone (1, 3, 5, 7, 10, 13, 15 %). Composition and structural, electrical and optical properties of the Zn-Ir-O thin films 
were studied by XRF, XRD, Raman, FTIR techniques, as well as Hall effect measurements and two beam optical 
spectrophotometry.

Preferential sputtering of iridium atoms compared to zinc was observed. As-deposited Zn-Ir-O thin films at room 
temperature are x-ray amorphous. Increase in iridium concentration leads to lower resistivity, but higher absorption 
coeffcient in the visible range [3].

References
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[3] M. Zubkins, R. Kalendarev, J. Gabrusenoks, K. Vilnis, A. Azens, J. Purans, Physica Status Solidi C (in press)
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