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High Power Impulse Magnetron Sputtering (HiPIMS) is a widely used technique to increase
the  fraction  of  metal  ions  during  the  plasma  discharge  with  respect  to  direct  current
magnetron  sputtering  (DCMS).  The  recently  investigated  bipolar  configuration  with  a
positive pulse applied at the cathode after the main negative one allows raising the plasma
potential. This leads to an increase of the metal and gaseous ion energy during the afterglow
by acceleration  through the  plasma potential  spatial  profile  and the plasma sheath  at  the
substrate [1]. A densification of thin films on substrates coated at grazing angles of incidence
can be consequently achieved. This has been observed using secondary electron microscopy
after focused ion beam milling on Nb/Cu samples coated at 90-degree angle of incidence [2].
However,  a  deeper  understanding  of  the  acceleration  mechanism  is  required  for  the
optimization of the technique.  Measurements  of ion energy distribution functions with the
implementation of a planar magnetron have shown ion fluxes at different energy values with
respect  to  the  applied  positive  pulse  voltage  [2,3].  Keraudy  et.  al  [3]  proposed  a  model
featuring a step-like spatial distribution of the plasma potential to justify the measured ion
energies, which is supported by Tiron et al. [4]. Recent results show that the evolution of the
plasma potential during the afterglow is characterized by a fast drop and recover from a value
close to the applied positive target voltage to a few tens of volts lower plasma potential, all
within 10μs [5]. These two values of plasma potential match the ion energies measured withs [5]. These two values of plasma potential match the ion energies measured with
mass-energy analyzers.
In this work, we extend the investigation by providing more refined axial and radial time-
resolved measurements of the floating potential with a Langmuir probe. The abrupt plasma
potential drop and rise is observed and matches the multi-energy peaks of the measured ions.
This feature is further investigated by means of a PIC-MC code for Direct Current Magnetron
Sputtering in similar geometries. Despite the average power being orders of magnitude lower
compared to the HiPIMS discharges, a very similar behavior is observed as the target voltage
is reversed to positive values. This indicates that the measured and simulated plasma potential
evolution during the afterglow is an universal feature in bipolar magnetron sputtering, rather
than related to the high peak power attained in HiPIMS. The mechanism responsible for this
observation is further studied by leveraging the flexibility of the simulations, allowing to
easily decouple several parameters that play a role in the afterglow dynamics. Some of these
are the secondary electrons emitted from the grounded conducting walls and from the target,
as well as the magnetron magnetic field, whose configuration is observed to be crucial for the
plasma potential drop and rise during the afterglow.
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