
Bipolar HiPIMS:
Correlating plasma parameters to thin film properties

9th International Workshop on Thin Films and
New Ideas for Pushing the Limits of RF Superconductivity

F. Walk1, R. Valizadeh2, E. Seiler3, G. Stenning4, J.W. Bradley1

1 Department of Electrical Engineering and Electronics, University of Liverpool, Brownlow Hill, Liverpool, L69 3GJ, United Kingdom
2 STFC Daresbury, Warrington, Cheshire WA4 4AD, United Kingdom
3 Institute of Electrical Engineering, Slovak Academy of Sciences, Dúbravská cesta 9, 841 04 Bratislava, Slovakia
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Bipolar HiPIMS
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• 200W avg Power, 100µs HiPIMS pulse at 100Hz, 5mTorr

• positive polarity pulse of 50V , 100V , 150V , 200V
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Thin film properties - SEM

only HiPIMS 50V positive pulse 100V positive pulse

150V positive pulse 200V positive pulse cross section
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Thin film properties - XRD
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Thin film properties - magentic

thin films are identical!
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Plasma diagnostics

Plasma parameters in the bulk plasma

• electron Temperature

• electron and ion density

Plasma parameters on surface interaction

• ion velocity

• Ion Energy Distribution Function

• Ion Flux
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Plasma diagnostics - Ion Energy

20 40 60 80 100 120 140 160 180 200

time in s

0

20

40

60

80

100

io
n 

en
er

gy
 in

 e
V

ion energy

100us 0V
100us 25V
100us 50V
100us 75V
100us 100V

0 50 100 150 200

time in s

-600

-500

-400

-300

-200

-100

0

100

200

vo
lta

ge
 in

 V

-10

0

10

20

30

40

50

60

cu
rr

en
t i

n 
A

 100us 0V
 100us 50V
 100us 100V

Felix Walk 16.03.2021 8/15



Plasma diagnostics - Ion Density
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Plasma diagnostics - Ion Flux
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Plasma diagnostics - IEDF
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time averaged IEDF and time resolved IEDF 5µs, 15µs and 25µs into positive pulse
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Plasma diagnostics - Ion ratio

40 50 60 70 80 90 100

HiPIMS pulse length

0

20

40

60

80

100

pe
rc

en
ta

ge

% high energy ions
%low energy ions

200W avg Power, variable HiPIMS pulse length at 100Hz with a 75V positive pulse, 5mTorr
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Plasma diagnostics - Ion ratio
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200W avg Power, 100µs HiPIMS pulse with a 75V positive pulse, 5mTorr

Felix Walk 16.03.2021 13/15



Plasma diagnostics - Ion ratio
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200W avg Power, 100µs HiPIMS pulse with a 75V positive pulse, 5mTorr
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Conclusion/Outlook

• Understanding the plasma process is vital for thin film development

– Tailored ion energies

• Plasma generator is a key element

– waveform

– ability to control process

• process transfer from planar sample to cavity

– Planar to Cylindrical Magnetron
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