
Poster: Tribological Coatings

Tuesday, September 14, 2010

PO2091

Oxygen and neon-ion irradiation of oxygen-containing cubic boron nitride films
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The extreme internal stress appearing in PVD and (ion assisted) CVD-deposited cubic

boron nitride (c-BN) films is a disabling barrier to various anticipated industrial

exploitation of the films. Investigations aiming at reduction of this stress have so far led

to several useful techniques including modified film deposition processes such as

addition of a third element into growing films during deposition, and post-deposition

processing such as irradiation of deposited films by high energy ions. In the present

work, the internal stress and phase stability of oxygen-containing c-BN films (c-BN:O)

were studied against oxygen and neon-ion irradiation. The 1 µm thick c-BN:O films

were deposited onto Si wafer via a boron rich h-BN buffer layer (500 nm) at 400°C by

reactive r.f. magnetron sputtering of an h-BN target in Ar-N

2

-O

2

 gas mixture, using a

pulsed substrate bias during deposition for c-BN:O nucleation. Post deposition oxygen

and neon-ion implantation was conducted at room temperature and 10

-6

 mbar pressure

over a wide energy range between 30 and 750 keV in order to achieve a homogeneous

ion implantation profile (based on SRIM simulation) within the region of c-BN:O. The

phase stability and stress variation of c-BN:O due to ion irradiation were analyzed

through infrared spectroscopy (FTIR), and curvature radius of the probes determined

by a surface profilometer, respectively. For irradiation by oxygen ions, the c-BN:O

phase was stable up to a total fluence of 1x10

15

 cm

-2

. A reduction of c-BN:O content

was observed with a further increase of the ion fluence, particularly above 3x10

15

 cm

-2

,

and c-BN:O was totally destroyed for ion fluences larger than 2x10

16

 cm

-2

. A similar

trend was found for neon ions, although damage of c-BN:O occurred already at slightly

lower ion fluences. When examined as a function of the displacements per atom (dpa),

however, the variations of c-BN:O content did not show any difference within the

experimental accuracy for oxygen and neon-ion irradiation. In both cases, c-BN:O

remained stable up to 0.5 dpa, and experienced noticeable damage at 1 dpa and

above. Correspondingly, the film stress reduced from an initial value of 9 GPa down to

2 GPa after complete destruction of c-BN:O, correlated very closely to the c-BN:O

content of the films at different dpa values. The stress and phase alteration is attributed

to a purely physical effect induced by irradiation ions (i.e. also for oxygen ions).
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