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On the road to self-sputtering in HiPIMS: particle balance and discharge
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The onset and development of self-sputtering (SS) in HiPIMS have been studied

using a plasma chemical model and a set of experimental data from Ar/Al as well as

Ar/Ti discharges. The model is used to unravel how the internal discharge physics

evolves with pulse power and time, and how it is related to features in the discharge

current-voltage-time characteristics such as current densities, maxima, kinks, and

slopes. The connection between the self-sputter process and the discharge

characteristics is quantified and discussed in terms of three parameters: a critical

target current density J

crit

 based on the maximum refill rate of Ar gas above the target,

a self-sputtering recycling factor Π

SS-recycle

, and an approximation α of the probabilities

of ionization of species that come from the target (both sputtered metal and

embedded Ar atoms). With increasing voltage, and pulse power, the discharges can

be described as following a route where the role of self-sputtering increases in four

steps: process gas sputtering, gas-sustained self-sputtering, self-sustained

self-sputtering, and self-sputtering runaway. Details on the internal mechanisms and

reactions will be discussed. Furthermore, a general survey of the discharge behavior

based on seven different target materials (Al, C, Cu, Cr, Nb ,Ti, W) will also be

presented. These materials have been divided into three groups based on the

discharge current evolution after the initial current peak, where any transients

associated with gas rarefaction and the dynamics of the pulse initiation can be

assumed to have died out. For current densities around J

crit

/3 to J

crit

 they all change

character, but in different ways for different target materials. Materials which we class

as belonging to Group 1 (C, Cr, and W) seem to develop only limited self-sputter

recycling. Group 2 materials (Al and Cu) show signs of gas-sustained self-sputtering,

whereas finally materials in Group 3 (Nb and Ti) develop high currents, generally

irreproducible and associated with self-sputtering runaway.
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