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The Time Domain Effect of Micropulse on Nb Coatings Generated by DOMS
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High ionized pulsed vapor fluxes, generated from Deep Oscillation Magnetron

Sputtering (DOMS), are employed to study the effect of time domain characteristic on

Nb coatings by using microsecond scale multistep micropulse through controlling both

pulse-on time and pulse-off time. Increase pulse-on time from 6 μs to 12 μs with

pulse-off time keeping constant at 30 μs, the peak power increases from 120.6 kW to

156.9 kW. While increase pulse-off time from 10 μs to 40 μs with pulse-on time

keeping constant at 8 μs, the peak power in each macropluse goes up to 131.0 kW

from 115.0 kW which energy is inferior to the pulse-on time controlling mode. The

deposited coating by changing pulse-on time mainly show (110) and (211) preferred

orientation, yet the deposited Nb coatings by changing pulse-off time mainly show

(110) and (211) preferred orientation which intensity gradually decrease as the

increase of pulse-off time. The achieved hardness and modulus for the coatings

deposited by changing pulse-off time show significant increase from 6.9 GPa to 20.1

GPa and 178.9 GPa to 238.3 GPa of which hardness is a factor of 3 compared to Nb

coatings deposited by DCMS and is near one tenth of the modulus indicating the

approach of ideal hardness. All coatings show dense columnar structure with

compressive residual stress. The anomalous high hardness attained is mainly caused

by Hall-Petch effect and dense microstructure which are controlled by the time

domain effect of micropulse on Nb adatom lifetime. The long pulse-off time provides

essential time for adatom surface diffusion and island coalescence.
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