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High-power impulse magnetron sputtering with a pulsed reactive gas (oxygen) flow

control [1] was used for high-rate reactive depositions of densified stoichiometric

hafnium dioxide films. The depositions were performed using a strongly unbalanced

magnetron with a planar hafnium target of 100 mm diameter in argon-oxygen gas

mixtures at the argon pressure of 2 Pa. The repetition frequency was 500 Hz at the

average target power density from 5 Wcm

-2

 to 54 Wcm

-2

 during a deposition with duty

cycles from 2.5% to 10%. The substrate temperatures were less than 165°C during

the depositions of films on a floating substrate at the distance of 100 mm from the

target. Usual deposition rates, being around 15 nm/min, were achieved for the target

power density of 5 Wcm

-2

. An optimized location of the oxygen gas inlets above the

target and their orientation to the substrate surface made it possible to improve quality

of the films due to minimized arcing at the sputtered target and to enhance their

deposition rates up to 345 nm/min for the hafnium dioxide films at the target power

density of 54 Wcm

-2

 and the duty cycle of 10%. This deposition rate was about 75% of

that achieved for pure hafnium films prepared under similar conditions. The hafnium

dioxide films were crystalline with a monoclinic phase. They exhibited hardness of 15

- 18 GPa, refractive index of 2.06 - 2.12 and extinction coefficient of 0.0001 – 0.001

(both at the wavelength of 550 nm).
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