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Boron nitride (BN) is a synthetic ceramic compound, which crystallizes in crystallographic 
structures similar to the allotropic forms of carbon. Two most important crystalline forms are 
hexagonal (h-BN) and cubic (c-BN) one, which are similar to graphite and diamond 
respectively. Graphite-like phase (h-BN) is a soft chemically inert and stable in air 
atmosphere insulator, what makes it suitable compound for insulating protective and self-
lubricating coatings, while cubic phase (c-BN) is the second hardness compound after 
diamond. It is a very good heat conducting insulator. c-BN is resistant to inorganic acids, 
oxidation and corrosion. Cubic form has also special advantage with respect to diamond like 
its inertness with respect to iron even at high temperatures. Therefore c-BN thin films can be 
applied as super-hard wear-resistant corrosion resistant coatings for cutting tools, optical and 
electronic devices etc. [1-2]. In order to obtain such coatings many chemical- (CVD) and 
physical vapour deposition (PVD) techniques were used [1-6]. One of them is pulsed laser 
deposition (PLD). In such a method a highly intense pulsed beam of excimer or Nd:YAG 
lasers is focused onto a target’s material. The ablated material in the form of high-energy 
plume is deposited on a substrate where it forms a thin film. The most important advantages 
of PLD are high deposition rate in laser pulse, stoichiometry transfer, possibility to deposition 
without substrate heating and easy preparation of multilayer coatings [7, 8]. 
 
In experiments, two types of PLD systems were used for BN layers fabrication. In the first 
case, the process was performed using Nd:YAG laser (wavelength λ = 1064 nm, pulse 
duration τ = 10 ns, frequency f = 10 Hz) onto unheated (RT) or heated (400 °C) substrates. 
Deposition was performed by ablation of h-BN target in nitrogen or argon as well as in a 
mixture of nitrogen and argon atmosphere. There were used: austenitic steel, ferritic steel with 
small amount of austenite  and Ti6Al4V alloy with TiN interlayer as substrates. Before BN 
deposition, each sample was covered by Ti buffer layer. All specimen were examined by X-
ray diffraction and Scanning Electron Microscopy. 
 
In the second case, PLD of h-BN target was performed by means of an KrF excimer laser 
(wavelength λ = 248 nm, pulse duration τ ≈ 20 ns, frequency f = 20 Hz and incidence angle ϕ 
= 45°). In order to improve stoichiometry, a radio frequency discharge (13.56 MHz, 100 W) 
was additionally applied. The process was carried out in the nitrogen atmosphere onto 
titanium alloy (Ti6Al4V) substrates. Distance between substrate and target was 30 mm. 
Substrate temperature was changed between RT to 700 °C. The laser beam fluence was varied 
in the range from 5 to 14 J/cm2. Nitrogen pressure was 5 Pa. Recently, a new series of 
samples in the same system were obtained. Ti6Al4V alloy with additionally added TiN 
interlayer produced by glow discharge nitriding was used as substrate. Thickness of the 
deposited layers was measured by profilometer. Atomic force microscopy (AFM) in tipping 
mode was used to investigate the surface morphology of the deposited films.  
 



Coatings obtained using Nd:YAG system were homogenous and consisted of h-BN phase. 
Type of substrate, temperature, gas composition had no visible influence onto composition 
and surface morphology of the layers. Surface consisted of uniformly distributed randomly 
oriented flakes with maximum diameter of few micrometers. Droplets were almost not present 
on the surface. This flake-like structure was kept up along whole thickness of the layers what 
was seen in SEM examinations of partially removed coatings. Simple adhesion "tests" were 
performed. The scotch type was stuck to the surface and then removed. This procedure was 
repeated 3 times and then surface was observed in SEM. The coating was easily removed 
from the substrate. On the basis of these simple tests it was concluded that layers exhibited 
very poor adhesion to the surface of the substrate. Flakes were connected very weak to the 
surface as well as to themselves. Texture analysis was also performed. It was concluded that 
(0002) h-BN lattice planes were oriented parallel to the substrate's surface. 
 
Application of the same target material (h-BN) but the second type of laser system (i.e. KrF) 
led to obtain completely different layers than in the previous case. On the basis of AFM 
images it was found that films had a fine-grained structure and consisted of grains with 
diameter from 100 to 300 nm and large clusters in size of 0,5 to 1,5 µm. No flakes 
characteristic for Nd-YAG layers were observed. Adhesion was much better, too. Thickness 
of obtained films was in the range from 600 to 850 nm and increased with the increase of 
fluence and substrate temperature. TEM micrographs of thin foil obtained from cross-section 
together with SAED pattern revealed that film had fine-grained structure and comprised of a 
mixture of c-BN and amorphous phases. FTIR examinations of layers obtained onto Ti6Al4V 
+ TiN substrates showed that they comprised of h-BN and c-BN. Two samples were 
compared in order to examine an influence of laser fluence on morphology. Both were 
deposited at the same substrate temperature (500 °C) and nitrogen pressure (5 Pa) but with 
different laser pulse energy density, 5 and 14 J/cm2. The higher was fluence, the more 
particles were deposited on the substrate in the same time. Surface of sample obtained at low 
fluence had much larger and better shaped grains than surface of layer deposited at higher 
fluence. The reason could be that the growth rate of specimen obtained at 14 J/cm2 was higher 
than those at 5 J/cm2. Therefore in the sample obtained at lower growth rate incoming atoms 
had more time to locate in more thermodynamically stable positions. Morphology of the same 
sample varied with lateral position what might be connected with the fact that the laser 
induced plasma plume had non-uniform shape. In near-edge area, grains were much better 
shaped because atoms had more time to find the most beneficial positions to achieve 
equilibrium state before they had been covered by the next layer. In the central part of sample, 
the grains were much smaller because the atoms were delivered faster and diffusion was too 
slow to allow atoms to form large grains. 
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