
Diagnos琀椀cs of High-Power Impulse Magnetron Spu琀琀ering (HiPIMS) Plasma by Modi昀椀ed 
Ion-Sensi琀椀ve Probes

Abstract 

The disserta琀椀on deals with the experimental inves琀椀ga琀椀on of the discharge plasma in a 
pulsed magnetron discharge (HiPIMS) using two new methods developed for plasma 
diagnos琀椀cs. First, the M-QCM system with a magne琀椀c 昀椀lter was used. The M-QCM system is 
equipped with a sta琀椀onary magne琀椀c 昀椀eld to reduce the 昀氀ux of electrons from the plasma to 
the surface of the collec琀椀ng electrode deposited on the measurement crystal surface. This 
collec琀椀ng electrode was connected to a controllable posi琀椀ve voltage to control the ion 昀氀ux to 
its surface. The M-QCM system was used to measure the deposi琀椀on rate and ioniza琀椀on of 
spu琀琀ered par琀椀cles in a pulsed HiPIMS magnetron with a 琀椀tanium target. These parameters 
were studied for di昀昀erent magne琀椀c 昀椀eld con昀椀gura琀椀ons of the planar magnetron itself. These 
measurements were used to understand the physical processes in the pulsed magnetron 
HiPIMS discharge in terms of charged and neutral par琀椀cle 昀氀uxes as a func琀椀on of the di昀昀erent 
physical condi琀椀ons in the plasma. Pulsed reac琀椀ve magnetron HiPIMS discharges have also 
been studied with a planar RF probe (modi昀椀ed Sobolewski RF probe) used for 琀椀me-resolved 
in-situ plasma diagnos琀椀cs. With this probe, it was possible to determine the ion 昀氀ux to the 
substrate, the ion concentra琀椀on and the electron temperature in the plasma. These 
parameters could be determined with 琀椀me resolu琀椀on and even when the surface of the probe 
was covered with an electrically non-conduc琀椀ng or semiconduc琀椀ng thin 昀椀lm. The RF probe 
was used to study physical processes in a reac琀椀ve pulsed HiPIMS magnetron opera琀椀ng in 
combina琀椀on with an addi琀椀onal high-frequency ECWR discharge. This hybrid plasma system 
was used in this con昀椀gura琀椀on to deposit 琀椀n-doped hema琀椀te Fe2O3: Sn semiconductor thin 
昀椀lms.
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