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Enabling ionized PECVD by high power pulsed plasma discharges
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By applying a power scheme similar to that of high-power impulse magnetron

sputtering (HiPIMS), a novel plasma enhanced CVD (PECVD) technique has been

developed [1, 2] which seeks to combine high plasma densities and energetic particle

bombardment, found in HiPIMS, with the advantages from PECVD such as a high

deposition rate and the capability to coat complex and porous surfaces. In this

PECVD method, a plasma is generated above the substrate by a hollow cathode

discharge controlled by a combination of direct current (DC) and short, few tens of µs,

high-power pulses (HiPP) with a low, a few %, duty factor. The effect of the high

power pulses is investigated by adjusting the HiPP/DC average power ratio while

keeping the total power constant. Using carbon films deposited from acetylene in an

argon plasma ignited by a copper hollow cathode, as model system, the HiPP/DC

ratio in the plasma discharge is found to affect the plasma density and film deposition

significantly: Measurements of the discharge currents and optical emissions from the

plasma indicate a higher plasma density as well as a strong increase in deposition

rate with higher HiPP/DC ratio. Investigations of the bulk plasma verified the presence

of Ar

+

, C

+

 as well as Cu

+

 for HiPP/DC > 0, whereas these ions were not detected in

pure DC mode (HiPP/DC=0).The increased deposition rate with higher HiPP/DC is

ascribed to a more efficient plasma chemistry generated by a denser plasma.

Deposition rates in the range 20-30 μm/h have been obtained for amorphous, copper

containing carbon films with a low hydrogen content of 4-8 at%. The high degree of

ionization of the plasma has enabled tailoring of the microstructure of the deposited

carbon films by controlling the ion bombardment of the film during deposition by

applying a negative substrate bias.
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