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Hexagonal transition metal diborides are promising candidates for future protective coating materials as they 
exhibit an interesting mix of properties, i.e., high melting temperature, high hardness (~ 40 GPa), and excellent 
thermal stability. However, a significant drawback is their inherent brittleness, limiting possible long-term 
applications due to premature failure and subsequent environmental attacks. Within this study, we want to 
describe the fracture characteristics of physical vapor deposited titanium diboride thin films in more detail. 
We synthesized DC magnetron sputtered TiB2+z with a broad variation in boron contents (TiB2.07 to TiB4.42) and 
investigated their elemental composition, morphology, and mechanical properties (hardness, Young's modulus, 
and fracture toughness). According to the literature, the boron-rich tissue phase is important regarding the 
mechanical properties of over-stochiometric TiB2+z thin films [1].TEM investigations verified the presence of 
tissue phase and a decrease in grain size with increasing boron concentration. Furthermore, structural analysis 
confirmed the apparent correlation between the deposition pressure and a preferred texture within the TiB2+z thin 
films. To gain maximum hardness values (~40 GPa), a (0001) orientation (in growth direction) is essential, 
whereas for (1011) and (1000) oriented coatings, we observed a decrease in hardness of about 10 GPa. This 
strong anisotropic behavior (concerning active slip events) of hexagonal diborides was theoretically confirmed 
for ZrB2 and TiB2 and experimentally for WB2-z based thin films [2-4]. We conducted in-situ cantilever bending 
tests to determine the intrinsic fracture toughness – excluding possible substrate influences. These experiments 
revealed an almost linear decrease in fracture toughness from KIC = 3.02 ± 0.13 MPa√m for TiB2.43 to KIC = 2.51 
± 0.14 MPa√m for TiB4.42. We attribute this decrease, accompanied by a reduction in hardness, to the negative 
impact of excess boron (tissue phase). 
 
In summary, our results highlight the impact of texture and morphological design on the mechanical properties 
of TiB2+z based coatings. The 0001 texture emerged to be dominant concerning the hardness, whereas the 
constitution of the tissue phase mainly influences the fracture toughness.  
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