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Deposition plasmas are challenging environments in which to use electrostatic probes. The 
deposition of insulating layers rapidly renders a probe insensitive to the plasma and the deposition 
of conducting films eventually bridges insulating breaks, again making the probe ineffective. A 
planar, RF biased probe has previously been devised to enable the measurement of ion 
characteristics in plasmas where the deposition of insulating layers on probe surfaces is inevitable 
[1]. The probe uses a guard ring structure to ensure that the collection area remains planar as the 
bias changes. The probe can be operated with insulating coatings as thick as 1 mm and it can also 
be used to monitor the thickness of a growing coating. The original design was not tolerant of 
conducting coatings restricting its use in deposition plasmas to only those used for laying down 
insulating layers. This paper reports trials of a redesigned probe in which electrical isolation 
between the probe and guard ring and between the guard ring and the probe support is achieved 
with all solid insulating material screened from the deposition flux. See Figure 1 The probe is 
intended for installation in a substrate holder or other boundary surface. 

The bias voltage is conveniently generated and swept by utilising the interaction of 
millisecond bursts of RF (12 MHz) with the probe sheath and an external capacitance. RF self bias 
charges the external capacitance. The probe bias automatically sweeps from the RF self bias 
potential to the DC floating potential during the interval when the RF burst is off. The transient 
charging and discharging of the external capacitance can be matched to a constant ion flux and a 
high energy Maxwellian tail (beyond DC floating). Because the method is based on a transient 
response the system works equally well in an environment that is depositing insulating films. 

 
 

Fig. 1 Design detail of the RF biased ion flux probe for use in a magnetron deposition environment 
for metallic or insulating coatings. 
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This new design of probe functioned satistactorily over a period of 30 minutes in a DC 
magnetron, operating with a pure titanium target and a working gas of argon (30 sccm, 0.06-2.6 
Pa, 100-500 W). It was placed alongside the substrate, facing the cathode target. The probe 
measured a steady ion flux and tail electron temperature throughout constant plasma conditions, in 
spite of the deposition of about 1.5 µm of metal onto the face of the probe. This confirmed the 
effectiveness of the hidden insulator design. At 0.6 Pa and 300 W the ion  flux was 4±0.5 × 1019 
m-2 s-1and the electron tail temperature was 2.6±0.2 eV; the ion flux increased almost linearly with 
power. 

 

                          
 
Fig. 2 Typical current-voltage characteristic below DC floating potential from the probe (grey) with a 

fit to a constant ion current and a Maxwellian electron tail (black); ion current is positive. The 
guard ring assures planar geometry and hence a constant ion current (1.3 Pa Ar, 500W). 

 
The same probe was then operated for 80 minutes with 3–4  sccm of oxygen added to the 

flow under  a Gencoa OES feedback system, leading to the deposition of about 1 µm of a 
transparent layer of titanium oxide. Once again the probe showed, without any correction, that 
under steady, DC conditions the measured ion flux and tail electron temperature remain steady – 
as expected – with ion flux reduced by about 20% in the presence of oxygen; electron tails 
temepratures were about 20% cooler at low power but 10% warmer at high power. The ion flux 
reduction and changes in electron tail temperature may in part be consequences of negative ion 
formation.  

The same arrangement has also been used successfully while operating the magnetron in 
pulsed mode. The next steps will be to demonstrate the use of the transient probe response of the 
probe as a film thickness monitor (for insulating deposits) and to introduce time resolved 
measurements. The latter will be used to track the ion flux during pulsed operation, as part of a 
wider study of pulsed magnetron systems [2]. 
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