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Boron nitride (BN) has been attracted interests for the
use in surface coating of electronic and mechanical
devices exposed to harsh environments (e.g. high-
temperature gases and plasmas). An application is inner
wall coating of a plasma source in electric propulsion
systems. [1] Various plasma-assisted processes to
fabricate BN thin films, especially targeting to obtain
cubic-BN films consisting of sp? bonding network with a
high hardness, have been demonstrated. [2,3]

Our research group develops a reactive plasma-
assisted coating (RePAC) system to deposit the BN films
with wide flexibility in the film properties. [4] In order to
independently control the atomic composition (B/N
ratio) and the microscopic structure (sp*/sp’ ratio), the
RePAC has (1) electron-beam evaporation for B-atom
supply, (2) magnetically confined vacuum-arc discharge
for N, excitation/dissociation and Ar ionization, and (3)
substrate RF biasing for ion-bombardment energy
control as shown in Fig. 1.

Mechanical, optical, and electrical characterization of
the BN films were performed to provide the controllable
range of BN-film properties in the RePAC. Interactions
between the plasma and BN surface during and after the
deposition are also investigated by experimental and
numerical approaches. [5] Figure 2 shows indentation
hardness of the BN films deposited by the RePAC and
other systems. The RePAC achieves wide-range control
of the BN hardness, i.e. sp*sp® ratios. Our current
conclusion is that an ion flux to the substrate is a critical
parameter in the control of BN-film properties.

We have diagnosed the vacuum-arc discharge installed
in the RePAC system to understand decision mechanisms
of the ion flux during the deposition. Optical diagnostics
revealed that the ion flux is varied by the Ar/N; ratio due
to the difference in ionization probability. [6] Theoretical
limitation of maximum ion flux in the RePAC are also
investigated. These understandings based on the
fundamental plasma physics are expected to achieve
further design optimization and advanced control of the
BN-film deposition by the RePAC.
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Figure 1. Schematic of BN film deposition by a reactive
plasma-assisted coating (RePAC) system.
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Figure 2. Thickness and indentation hardness of BN
films deposited by the RePAC, in comparison with BN
films obtained by other deposition systems.
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