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B Multifunctional thin solid films: means of development

o One of the most frequently used methods to alter the surface
properties of a material is to deposit a thin film or coating on top
of the base material, which will significantly improve the
functionality of the final part

o Sputter deposition stands out as a reliable, cost-effective, and
flexible means of surface properties enhancement
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B Multifunctional thin solid films: means of development

o When a reactive gas is added to the discharge or when the
sputtering process is applied to at least two targets from the
same chamber simultaneously, it becomes possible to deposit
compound materials.

o One of the major problems of the reactive sputter process is its
complexity
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o Target reactivity. The reactivity between the gas and the target
metal is clearly important.

o Sputtering yield. The sputtering yield value for the metallic target
is typically significantly higher than the sputtering vyield value for
the corresponding compound.

o Two (or more) reactive gases. Oxygen and nitrogen may be added
to the deposition chamber to form an oxynitride of some target
material. It is likely that one of the gases may be more reactive
than the other.

o Reactive co-sputtering. Carrying out reactive sputtering from two
metal targets increases significantly the complexity of the
process
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o Motivation of the thesis subject. The last two decades have seen
the gradual rise at a steady but consistent pace of scientific
publications related to reactive sputtering. Several key aspects
remain to be solved.
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B Transition metal oxynitride thin films

o Group of ceramic materials which are characterized by the
possibility of changing the ratio between nitrogen and oxygen,
which leads to a variety of properties.

o Oxynitride coatings based on transition metals (MeQ,N,) can
potentially benefit from the properties of the respective oxides
or nitrides of the particular metal or can be characterized by
entirely new properties, distinct from those of the oxides or
nitrides.
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B Transition metal oxynitride thin films

o Thin layers based on tantalum, either oxide, nitride or oxynitride-
type, are characterized by remarkable properties, useful in
various fields, from microelectronics, to protective coatings, to
optical coatings, to biocompatible coatings, etc.

o The main objective of the experimental work conducted after the
completion of the Ph.D. program was to isolate and improve
certain key configurations of samples from the TaQ,N, class.
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B Transition metal oxynitride thin films

o The coatings were deposited by reactive magnetron sputtering,
using a mixture of reactive gases whose composition remained
constant (O, + N, = 15% + 85%), while varying the total flow of
reactive gas mixture introduced into the deposition chamber.

o Several configurations of samples were obtained: grounded,
biased with different voltages, and with different reactive
mixture gas flows.
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B Transition metal oxynitride thin films

o The chemical composition, in atomic percentages, for the
tantalum oxynitride samples was obtained by Rutherford
Backscattering Spectrometry (RBS) .
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Scientific achievements
B Transition metal oxynitride thin films

o X-ray Photoelectron Spectroscopy (XPS) measurements were
performed on selected silicon substrate samples (GND).
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Scientific achievements
B Transition metal oxynitride thin films

o X-ray Photoelectron Spectroscopy (XPS) measurements were
performed on selected silicon substrate samples (GND).
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Scientific achievements
B Transition metal oxynitride thin films

o X-ray diffraction (XRD) patterns were obtained for the samples
deposited onto Si substrates.
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Scientific achievements
B Transition metal oxynitride thin films

o The morphology of the tantalum oxynitride thin layers, both of
the surface and in cross-section was studied using a scanning
electron microscope (SEM).
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Scientific achievements
B Transition metal oxynitride thin films

o Transmission electron microscopy (TEM) analyses were
performed on selected samples (coatlngs deposited on silicon
wafers)
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B Transition metal oxynitride thin films

o The electrical resistance was measured using the four-point
probe and the two-point probe methods.
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Scientific achievements
B Transition metal oxynitride thin films

o Dielectric measurements were performed using an Agilent
4294A impedance analyzer, in the frequency range 100Hz -
5MHz

o The starting point for the measurement of the dielectric
characteristics was to fabricate some MIM (metal-insulator-
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Scientific achievements
B Transition metal oxynitride thin films

o The photodegradation behavior of the TaO,N, thin films was
tested using methyl orange (MO) and methylene blue (MB)

= ] ' UV+-HO “al ' VIS<HO, T
- o o b

=

¢ icicne

Photod spradation

.

B

|| | | ||1'IS 10 I—I_D_ d_

Photed cpradaticn




Scientific achievements
B Transition metal oxynitride thin films

o The antibacterial/anti-biofilm
capacity of the tantalum oxynitride
coatings (deposited with a grounded
substrate - GND) was assessed
against Sa/monella
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Scientific achievements
B Ceramic composite thin films

o Results concerning the composition, morphological and mechanical
characteristics (wear, adhesion to the substrate, hardness) for ceramic
composite magnetron sputtered (Ti + TiB, + WC) coatings. The films
were obtained by simultaneous standard/reactive magnetron
sputtering from three targets (Ti, TiB, and WC).

o Nanocomposite coating consists of at least two immiscible phases, of
which at least one has at least one dimension in the nanoscale (a
nanocrystalline phase which can act as a reinforcing agent, and an
amorphous phase (which takes the role of the matrix phase) or two
nanocrystalline phases (one as the matrix phase)).
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Ti + TiB, + WC
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B Ceramic composite thin films

Ti+TiB, + WC + N,

Ti + TiB, + WC
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Ti+TiB, + WC + N,
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Scientific achievements
B Magnesium-based ternary nitride thin films

o Improving the corrosion resistance of corrodible parts by applying proper
surface coatings and surface modifications can lead to significant
economical benefits.

o Coated materials like steel, brass, Al or Mg alloys, when exposed to a
corrosive medium, suffer significant corrosive damage due to inherent
defects or inhomogeneities in the thin film (cracks, pores, transient grain
boundaries), even if the coatings have intrinsic corrosion resistance.

o Tosuppress or minimize the occurrence of surface defects which can
lead to poor corrosion performance, several coating or surface
treatment technologies can be employed sequentially = duplex
treatments



Scientific achievements
B Magnesium-based ternary nitride thin films

o Another promising approach in terms of corrosion protection of a less
noble substrate is to consider the coating as a sacrificial agent, while
trying to maintain as much as possible the mechanical characteristics
(high hardness, high wear resistance, etc).

o RM-Mg-N (RM — refractory metal) multiple component nitride-type thin
films, obtained by simultaneous sputtering of two metallic targets (high
purity RM and Mg) with the addition in various proportions of reactive
gas (N,).
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Scientific achievements
B Magnesium-based ternary nitride thin films

Phase | Hm 2

N flux Hﬂ

Hf 1 1
V 1 1
Nb 1 1
Ta 1 1
Cr 1 1
Mo 1 1
W 1 1
Total number of depositions: 16
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B Magnesium-based ternary nitride thin films
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B Teaching activities
o lintend to publish a specialized book on Surface Engineering and a
guide of applications on materials analysis techniques

o | will maintain the novelty of the courses by adapting them every
year to the new discoveries that appear in the field, by continuously
studying the specialized literature

o the development of new didactic laboratory works for fundamental
and applied research, and to involve the bachelor’'s and master’s
students in practical activities

o attract possible candidates for the PhD program, and build a
research team which will be able to attract funding through project
proposals



The evolution and development plans for career development

O Research topics
o Complex oxynitride coatings (Me,;Me,0,N,, where Me,, Me, = Ti, Al
Sr, Nb, Mg, Mo, etc.) have received attention in recent years due to

their original properties compared to their oxide or nitride parents.
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The evolution and development plans for career development
O Research topics

o Refractory metal and magnesium-based coatings: Chemical
composition, surface morphology, structural evaluation,
mechanical characterization on the WMgN samples, plus
other variations based on transitional metals: NbMgN,
CrMgN, etc.



O Research topics
o Refractory metal ternary nitrides (Me,Me,N). The multitude of
possible applications for A-B-N-type materials stems from the
numerous types of structures and chemical compositions that can
arise, controllable through the processing parameters (deposition
parameters, thermal annealing, etc.)

o After athorough examination of the available literature concerning
these types of compounds (Me,Me,N), results concerning certain
configurations were observed to be missing from the literature (e.g.,
coatings based on hafnium, most likely due to the material's cost).
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The evolution and development plans for career development

O Research topics
o Refractory metal ternary nitrides (Me,Me,N)

gﬁ%ﬁm P

1.4 o T
TSI L @A ERINR 3 P00 2 POTEFL £ TRGPST LT ETERLTLTR S FA
- . b4 ] ]

N .

i

Emjac 0

LIl

B
B EEE

A
.
-
|
i
|
s
L]
&)

<%0 b CIR22FRP=323%%228528750Fs00fuanId8<RBE0ER P
L] [ « .
|

o]

Experimentally
Known in ICSD

stabilizable
BuN, <1eV/N

-2 1 0 -2 1

Stable

Metastable vs.
Binaries

Nature Materials volume 18, pages 732-739 (2019)



1 Abbondanza, L., Meda, L. - Supposed Versatile 3-TaxOyNz structures: DFT studies. Energy Procedia
2012.

34  |Cristea, D, Crisan, A.. Cercetdri metalurgice si de noi materiale 2011

35  |Cristea, D, Crisan, A.. Cercetari metalurgice si de noi materiale 2011

36 Cristea, D., Crisan, A. RECENT 2013

37 D Cristea, A Crisan, et al. Surface and Coatings Technology 2014

38 |DCristea, A Crisan, et al. Applied Surface Science 2015

39 D Cristea, M Patru, et al. Applied Surface Science 2015

40  |Daniel Cristea, Luis Cunha, et al. Nanomaterials 2019

41 L Cunha, M Apreutesei, C Moura, E Alves, NP Barradas, D Cristea*. Applied Surface Science 2018

50 D Feldiorean, D Cristea, et al. Applied Surface Science 2019

89 V Jinga, AO Mateescu, G Mateescu, LS Craciun, C lonescu, C Samoila, D Ursutiu, D Munteanu, D
Cristea. Journal of Optoelectronics and Advanced Materials 2015

90 |V Jinga, AO Mateescu, D Cristea, et al. Applied Surface Science 2015

118 |C Lopes, C Gabor, D Cristea, et al. Applied Surface Science 2020

126 |AO Mateescu, G Mateescu, V Jinga, D Cristea, et al. Journal of Optoelectronics and Advanced
Materials 2015

142 |G. Popescu-Pelin, D. Craciun, G. Socol, D. Cristea, et al. Romanian Reports in Physics 2015

205 |H.B.Zhu, H. Li, Z.X. Li,. Surface and Coatings Technology. 2013




Acknowledgements

B Projects

©)

POSDRU/159/1.5/5/134378 is gratefully acknowledged for
providing an 18-month postdoctoral fellowship (“Tantalum
oxynitride multifunctional thin films applications”)

PRO-DD (POS-CCE, 0.2.2.1., ID 123, SMIS 2637, ctr. No 11/2009)
is gratefully acknowledged for providing some of the
infrastructure used for sample analysis

DAAD German Academic Exchange Service is acknowledged for
the financial support. Host Institution: FEM

ctr. no. 68/2013. 2013 — 2016, financed by the Romanian Space
Agency

European Union's Horizon 2020 research and innovation
programme under grant agreement No. 823802 is gratefully
acknowledged for the access to infrastructures



Acknowledgements

B My scientific development would not have been possible without the work
done with my collaborators from the following institutions:

O
O
O

O O O O O

o O

Transilvania University of Brasov, Romania

National Institute for Laser, Plasma and Radiation Physics, Romania

The National Institute for Research and Development for
Optoelectronics, Romania

Alexandru loan Cuza University of lagi, Romania

National Institute of Materials Physics, Romania

University of Minho, Physics Department, Portugal

Research Institute for Precious Metals and Metal Chemistry, Germany
Horia Hulubei National Institute for Physics and Nuclear Engineering,
Romania

The Institute for Nuclear Research Pitesti, Romania

The National Institute for Research and Development in Electrical
Engineering ICPE-CA Romania

The National Institute of Research and Development for Technical
Physics, Romania



Thank you for your attention!



