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Characterization of reactive magnetron sputtering
using a pulsed direct current power source

Reactive sputtering is a very useful technique, particularly to prepare inhomogeneous interference filters,
where refractive index changes smoothly during deposition. In such context, precise control over the in-
volved parameters becomes imperative to obtain a good reproduction of the optical properties [1]. This study
employed a pulsed direct current (pulsed DC) power source to investigate the influence of duty cycle on the
target poisoning, sputtering plasma characteristics, electric signals, and the optical and morphological prop-
erties of synthesized films.
The experimental setup was characterized by analyzing the behavior of plasma emission via optical emission
spectroscopy and voltage-current signals, while modulating parameters such as the oxygen content within the
vacuum chamber. A set of thin films were coated on glass substrates, under different system conditions. The
films underwent characterization employing spectroscopic ellipsometry to ascertain their optical constants,
atomic force microscopy for surface morphology analysis, and X-ray diffraction for determination of crys-
talline structure.
The results indicate that longer duty cycles required higher oxygen levels to poison the target. Additionally, a
detailed analysis of electrical signals revealed non-square waveforms, whose characteristics were influenced
by both duty cycle and partial oxygen content within the sputtering chamber, resulting in higher effective
voltages during the on-time of the pulsed current and voltage. Also, influenced the film characteristics, higher
voltage during the metallic mode enhanced ion energy, promoting greater atom mobility and rougher surface
morphology. Conversely, in the poisoned mode, limited atom mobility due to the oxide layer resulted in
smoother surface morphology and slower grain growth.
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