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Surface Treatment: New Methods, New Applications
J.S. Colligon
Dalton Research Institute, Manchester Metropolitan University, Chester Street, Manchester
M1 5GD, UK
The paper contains a short overview of current ion beam methods used to
modify the surface properties of materials, a selection of recent applications of
surface treatment and an indication of some future trends.
1.

Introduction
The ability to provide a wide range of surface coatings on materials, or, to modify the
surface in other ways, gives the design engineer considerable freedom since a material can be
selected for its ideal bulk properties and the surface tailored to provide protection, or, to
generate other special features. The glass and cutting tool industry has already taken
advantage of such coatings with glass coating itself now worth USD65 billion p.a. and
hard/wear-resistant coatings some USD10 billion p.a. The Photovoltaics market, highly
dependent on coatings, provided 6 Giga-watts of solar power in 2008. However there are
continuing developments in coating techniques and many new applications of such coatings
are proving to be viable. In the following short review some of these many developments will
be described.
2.

New Surface Treatment Methods

Fig. 1. Dual ion beam system for controlled studies of deposition

Although not usually suitable for industrial scale processes the dual ion beam system,
developed by the author [1] and illustrated in Fig. 1, is ideal for fundamental investigation of
the influence of deposition parameters on coating properties. Here a much lower base
pressure is possible than in conventional plasma systems, deposition rate (vertical ion beam)
and ion-assist level (horizontal beam) can be varied and different levels of composition of the
coating can be explored by simply varying the exposed area of materials forming the sputtertarget. In addition the substrate temperature can be varied.
Using such a system the parameters influencing the properties of nano-composite
c-Ti3N4/SiNx have been studied [2]. With the correct level of ion-assist and substrate
temperature, coatings comprising crystalline Ti 3N4 regions of size about 4-7 nm surrounded by
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SiNx , are formed which may be amorphous, or, form a strained crystalline lattice. The
hardness of these layers approached 40 GPa and this did not deteriorate after annealing in
vacuum at 1000oC. Other research groups have reported similar coatings with hardness
values of order 100 GPa, similar to that for diamond [3]. It is apparent, however, that
extremely low levels of impurity in the system (for example, below 1 atomic percent of
oxygen) can prevent the formation of these very hard coatings [4].
Whilst ion beam systems have important advantages in being able to identify optimum
coating conditions they can only coat small size samples. Magnetron and other plasma-based
sputter systems can then be used working as near as possible to the optimum coating
conditions to coat larger area samples. A recent review by Helmersson et al [5] of ionised
vapour deposition describes many of these systems. In the last few years, the new High
Power Impulse Magnetron Sputtering (HIPIMS) process has been developed. In this system
the magnetron is supplied with power densities approaching 1000W/sq cm , but only over a
short time to avoid melting the target. Typical pulse duration is 2-10 millisec . and the
repetition rate is typically 500 Hz. At these power densities the plasma electron density can
reach 1019/cu.m and there is a high degree of ionisation both of the support gas (Ar) and also
of the sputtered material [6,7]. In some cases the Ar support gas can be switched off after the
plasma is running. This means that the substrate is now bombarded by metal ions only so
that gas introduced into the coating is reduced. The intense bombardment thus etches away
contaminants and implants atoms of the coating species to provide an excellent bond. After
this etch it is often possible to switch to conventional unbalanced magnetron sputtering
(which offers quicker deposition rates) and produce some high quality, well-bonded coatings.
Indeed the interface between the substrate and metallic coatings can show epitaxial growth.
Another developing area is the use of an atmospheric plasma which can be generated by a
high frequency voltage source such as the 8 kV 30 kHz used by Perni et al [8] to remove
micro-organisms from fruit, or 200-500 V rf supply used by Stoffels [9] producing a few mm
diameter glow on a sharpened tip to treat living cells and tissues. There are numerous papers
where the contact angle of a polymer is seen to increase as a result of the atmospheric plasma
treatment. A recent application is by Leroux et al [10] and shows the effect on a roll-to-roll
polymer process.
3.

New Coatings
For many engineering and corrosion-protection applications coatings in the form of
nano-thick multilayers are proving to be highly successful. For example, Lin et al [11] have
studied CrN/AlN bilayers with different bilayer thickness. Optimum friction coefficient
(0.32) and hardness (42 GPa ) were found for a bi-layer thickness of 3.5 nm.
Coatings which withstand very high temperatures are also in demand as they give the
possibility of operating machines more efficiently and of protecting cutting tools without the
need for coolants. Willmann et al [12] have shown that Al xCryN is extremely stable when the
composition is x = 54 and y = 46 but, for other values, this coating will start to deteriorate
above 650 oC.
There is renewed interest in a so-called MAX phase coating, originally discovered in the
1960’s by Nowotny et al [13,14], and comprising three elements formed into a layered
compound. In the acronym MAX, M is one of the early transition metals (Sc, Ti, V, Cr, Zr,
Nb, Mo, Hf, Ta), A is usually one of the group III A or IV A elements (Al, Si, P, S, Ga, Ge,
As, Cd, In, Sn, Tl, Pb) but can also include Cd, P, S or As and X is either C or N which adds
to the previously selected two elements. Their general form is M n+1AXn where n is 1,2 or 3
and depends on the different stacking sequence of the MX block between the A-element
layers. Their engineering properties have been neglected until recently when it was found, by
Barsoum and his colleagues [15,16], that one of these highly ductile materials (Ti 3SiC2) was
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thermal shock resistant and oxidation-resistant even at temperatures in excess of 1000 oC .
Thus these materials in general have ceramics properties yet are easy to machine.
Conventionally the materials have been synthesised from the bulk at temperatures about
1400oC but thin film Ti3SiC2 has been formed at 1200 oC by CVD [17] and this compound and
other phases can be formed at 900-1000 oC on a suitable substrate using magnetron sputtering.
Högberg et al [18] have shown that magnetron sputtering of the three elemental targets
(Ti,Si,C) leads to epitaxial film growth on single crystal Al 2O3 or MgO substrates at
temperatures of 900 oC (using a pre-deposition seed layer such as TiC x (111)). The resulting
cross-sectional structure is in the form of planes of Ti-C (about 1-5 nm thick) alternating with
planes of Si (about 0.3 nm thick). Current synthesis of this material using the ion-assisted
methods available in the present author’s laboratories are expected to reduce further the
temperature required for MAX phase synthesis to a level where deposition on steel and other
substrates would become viable.. This programme, funded by EPSRC in the UK, is just
beginning.
Non-evaporable getters (NEGS) are important in large UHV systems such as the particle
accelerators in CERN, Here the extremely low pressures of order 10 -12 mbar must be
maintained to avoid particle scattering. Even with many pumps distributed along the beam
lines the pressure increases in the sections of pipe between them due to outgassing of the tube
walls. A distributed NEG coating along the inner surface of the tube prevents this pressure
fluctuation and, even, reduces the number of pumps required on the system. Recent work by
the author with Daresbury Laboratories in the UK on Ti-V-Zr NEGS [19] has produced a
better understanding of their performance resulting in development of a NEG which can be
activated at lower temperature (160 deg C, compared with the usual 250 deg C ) and also
showing that control of deposition conditions can provide optimum NEG performance. The
NEG has not only to pump the residual gases (mainly H, CO and CO 2), but also to provide a
barrier to hydrogenSEM
diffusion
from the tube wall. By changing the pressure in the deposition
pictures of Ti-V-Zr films deposited on a silicon substrate
at T = 70oC but using different working pressures
(a) 10-2 mbar

(b) 2x10-3 mbar with DC pulsed power supply

Fig.2. Cross-section through Ti-V-Cr film showing that lower lower pressure sputtering produces denser
coatings. Picture on right is about 2.5 times the magnification of that on the left

chamber it is possible to create a dense coating at the substrate and, at higher pressure, a
columnar structure at the vacuum side, thereby combining a good barrier with a high area
pumping surface. An example of the change in morphology of a Ti-V-Zr NEG using low and
high pressure is given in Fig. 2.
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Biomaterial applications of ion-assisted deposition are numerous since the surface topography
and composition of all materials dictate the reaction with, and proliferation of, bacteria and
living cells [20 21]. Recent work by Yang et al [22] has shown that the mass loss of a AZ31
Mg alloy, used as a prosthesis, can be reduced by coating with CaP and hydroxyapatite using
120 eV Ar ion assistance and a subsequent anneal. Results obtained by the present author
show, in Fig.3, how selective a patterned surface of Titanium squares on Silicon is for
attachment of pseudomonas aeruginosa bacteria [23]

Fig.3. Attachment and proliferation of pseudomonas aeruginosa bacteria on Ti spares deposited onto Si. (NB Ti
would be expected to have acquired a thin layer of oxide)

4. Future Trends
Ion beam systems continue to be important for fundamental studies. For example, selforganised layers can now be produced by simple bombardment of Si by Ar ions at 75 o
incidence and 300 eV energy [24] but there is no reason why plasma methods cannot be
developed to produce similar effects if the ionized fraction is extracted and controlled..
Focused Ion Beams have a rather special role and have already been used in conjunction with
a hydrocarbon precursor gas to produce miniature devices such as micron-sized bellows and
coils [25] and to cut out miniature devices for Micro-Electro-Mechanical systems [26]. There
are also some interesting developments where cluster beams, which comprise up to 1000
atoms with a single charge, are used, for example, to bombard a surface for surface cleaning
[27]. Indeed the use of these clusters could allow exploration of ion-assisted deposition with
energies of order 1-10 eV/atom, a region not previously explored. It is clear that Ion Surface
Interactions continue to play a key role in the surface treatment field.
5. Conclusions
Many traditional ion-assisted coatings are already well understood and can be
produced consistently to improve the performance of engineering components and other
commercial products. It appears that the coatings with nano-sized features will need some
more careful study as their properties depend critically on the nucleation and growth
conditions. Once these conditions are established we can look forward to the industrial
benefits of a much larger range of coatings with improved mechanical, corrosion- and
thermal-resistant properties.
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