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An in depth study is presented herein, about chemical, structural, mechanical and tribological properties of TiBx coatings 

deposited by two different PVD techniques, i.e. Direct Current (DC-MS) and High Power Impulse Magnetron Sputtering 

(HiPIMS), at varying substrate temperatures. DC-MS products resulted strongly overstoichiometric (B/Ti greater than 

2.5), while HiPIMS films exhibited a B/Ti atomic ratio closed to 2. Moreover, HiPIMS films showed a denser and almost 

featureless morphology. All the deposited films were constituted of a hexagonal TiB2 phase but, in HiPIMS mode, a 

completely dominant (001) texture was detected, leading to superior mechanical properties and low wear rates. Different 

wear mechanisms, i.e. micro-peeling vs direct ploughing at low abrasion rate were speculated for the two coating types. 
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Transition-metal borides (TMB) are a group of ceramics 

with exclusive properties, like hardness (H>30 GPa), 

ultra-high melting temperatures up to ~4000 °C, 

excellent tribological and corrosion resistance and high 

stability at elevated temperatures [1]. They represent 

promising candidates for preparation of wear-resistant 

hard coatings which could improve tool lifetime and 

cutting rate. Among TMB, titanium diboride (TiB2) 

shows hexagonal structure with close-packed Ti layers 

alternated with graphite-like B layers [2]. Unfortunately, 

such a strong directional bonding typically leads to a 

brittle behaviour, and low toughness limits engineering 

of coatings. Moreover, the resistance of TiB2 against 

oxidation at high temperature is limited. 

HIPIMS technology has been recently recognized for 

the excellent quality of products, since it allows 

controlling the growing film microstructure, 

composition and morphology. In fact, a common 

concern in sputter-deposited TiBx products is excess B, 

resulting in overstoichiometric films, i.e. B/Ti>2.  

In this work, TiB2 coatings were deposited by two 

techniques, HiPIMS and DC-MS. The role of substrate 

temperature was also studied. Hardness and modulus at 

the nanoscale and films tribological behaviour were 

investigated, with regard to their microstructure and 

deposition conditions. In order to overcome the poor 

oxidation resistance, Ti-B-Si based films were also 

deposited. In fact, oxidation can be inhibited by 

formation of a thin SiO2 layer on the top of TiB2 coating. 

All DC-MS coatings exhibited an excess of B content, 

while HiPIMS ones showed a B/Ti atomic ratio close to 

2, particularly at high temperature. The reason was 

recognized in the high fluxes of ionized species 

available in the HiPIMS discharge: Ti is ionized at 

higher rate than B and its deposition flux increases 

thanks to the electromagnetic field that guide ions 

towards the substrates. 

HiPIMS films showed a denser and almost featureless 

morphology than DC-MS ones, which exhibited a 

typical coarse columnar structure. All the TiBx films 

were constituted of one hexagonal crystalline phase. 

However, in DC-MS a random orientation was 

observed, while in HiPIMS mode a completely 

dominant (001) texture was detected. Factors as (i) 

surface energy, (ii) adatom mobility and (ii) ion 

bombardment, which are all enhanced in HiPIMS 

processes, were considered responsible for these 

differences. HiPIMS coatings exhibited superior 

mechanical properties than DC-MS ones, due to their 

(001) preferential orientation and denser microstructure 

[3]. Mechanical properties were also related to B/Ti ratio 

in the coatings (Figure 1). 

 

  
Figure 1. Hardness vs (a) texture coefficient and (b) B/Ti 

atomic ratio in TiBx coatings 

 

All DC-MS films showed high wear rates (Figure 2).  

 

 
Figure 2. Wear tracks profiles collected after tribological tests 

 

Different wear mechanisms were supposed for the two 

deposition technologies, due mainly to different 

mechanical properties of the final products. DC-MS 

films were less hard and more prone to superficial 

oxidation, so a micro-peeling mode dominated, and 

micrometric roll-shaped oxidized wear debris formed, 

while HiPIMS coatings were harder with a more brittle 

behaviour, so a direct ploughing process prevailed, but 

with relatively low abrasion rate [4]. 
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