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PVD Plasma

•Plasma 
• Colliding electrons ionise atoms
• Ions and electrons accelerate in electric field
• collisions excite atoms 
• de-excitation creates photons – visible light
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Glow discharge

http://astro-canada.ca
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Glow discharge
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Glow discharge
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Glow discharge
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DC Plasma glow discharge and arc
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DC Plasma glow discharge and arc

Glow discharge
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Glow discharge plasma

Sivu 16

In PVD 
Interesting things 
happen
at cathode:

Positive ion bombardment
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Source materials

• Coating material from solid target or gas

http://sunnygreater.com/products/sputtering_targets
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Energetic ion surface interactions
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PVD coating process

•(High) vacuum
• long mean free path of ions

• high ion energy
• cleaning of surface

• desorption of gas
• sputtering of surface

• removal of
• oils
• water
• oxides
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PVD methods
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Figure 1. Segmentation of the current physical vapour deposition (PVD) techniques for advanced coatings.

Andresa Baptista et al., Coatings 2018, 8(11), 402; https://doi.org/10.3390/coatings8110402

PVD methods

https://sciprofiles.com/profile/483779
https://doi.org/10.3390/coatings8110402
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FIG. 1. Typical range of particle energy [panel 
(a)] and growth rate [panel (b)] of selected PVD 
techniques.2,6

Published in: Carsten Bundesmann; Horst Neumann; 
Journal of Applied Physics 124, 231102 (2018)
DOI: 10.1063/1.5054046
Copyright © 2018 Author(s)

Selected PVD methods
Particle energy
Growth rate
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Ion beam sputtering

Kaufman
http://www.youtube.co
m/watch?v=Ibcr-
B258J8&NR=1

http://www.youtube.com/watch?v=Ibcr-B258J8&NR=1
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Figure 2. Schematic drawing of two conventional PVD processes: (a) sputtering and (b) evaporating using ionized Argon (Ar+) gas.

Andresa Baptista et al., Coatings 2018, 8(11), 402; https://doi.org/10.3390/coatings8110402

Magnetron sputtering - evaporation

https://sciprofiles.com/profile/483779
https://doi.org/10.3390/coatings8110402
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Magnetron-sputtering

Lähde: Angstrom Sciences, Inc.
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Figure 4. Energy consumption in the different steps of the PVD process: Heating, Etching, Coating, and Cooling. Energy 
consumption in the steps of the CVD process: Heating, Coating, and Cooling.

Andresa Baptista et al., Coatings 2018, 8(11), 402; https://doi.org/10.3390/coatings8110402

https://sciprofiles.com/profile/483779
https://doi.org/10.3390/coatings8110402
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Magnetron-laitteisto

Unballaced magnetron sputtering
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Magnetron-laitteisto

Closed field magnetron sputtering
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RF Plasma glow discharge

http://www.spectruma.de
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RF Plasma glow discharge self bias

M. Ohring
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Self bias at electrodes

Sivu 33
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PULSED SPUTTERING
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HIPIMS denser films
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Reactive sputtering
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Reactive sputtering
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Reactive sputtering



Jari Koskinen, Aalto University 2020

Reactive sputtering
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Reactive sputtering
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Reactive sputtering
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PVD-pinnoitin
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DC Plasma glow discharge and arc

Arc discharge

https://www.oerlikon.com/balzers
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Arc discharge deposition 

Arc discharge video

http://video.google.com/videoplay?docid=2370453135611399162&ei=zpoKS-nWGqLa2gL1tezUBg&q=glow+plasma+video&hl=fi
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Arc disharge – cathode spot

www.shm-cz.cz/files/schema01.jpg
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Arc discharge process 

• arc current concentrated into filaments – arcs
• intense electron emission
•intense ion emission due to electron current ( atoms/electrons – 1/100)
•ionization of atoms – formation of plasma
•flow of ions to cathode – intense sputtering of atoms
• 106 - 108 A/m2

• overlapping thermal spikes
•materials is melted and sublimated in cathode spots
• cathode spots move randomly or could be steered by using magnets
• electons ionize vapor and create more electrons – increase of current
• ions accelerate

• due to potential difference in plasma
• due to multiple collisions with fast electrons

• macro particles (up to 10 µm diam.I are formed  

Timko,  Nordlund 
simulations
http://prb.aps.org/supple
mental/PRB/v81/i18/e1841
09

http://prb.aps.org/supplemental/PRB/v81/i18/e184109
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Filtered arc
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Pulsed laser deposition PLD

• high ionization 
• evaporation of any material also in 
reactive gas
• stoichimetry of target to the 
surbstrate
• good control of depostion rate
• expensive lasers
• slow depostion rate
• not yet in industrial level

http://www.youtube.com/watch_popup?v=g9RM4QhBnL0&vq=medium#t=19

http://www.youtube.com/watch_popup?v=g9RM4QhBnL0&vq=medium
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Ei as a function of laser pulse energy

Sivu 54
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Figure 3. The processing flow for a classic PVD sputtering process.

Andresa Baptista et al., Coatings 2018, 8(11), 402; https://doi.org/10.3390/coatings8110402

https://sciprofiles.com/profile/483779
https://doi.org/10.3390/coatings8110402
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Figure 5. Characteristics and 
parameters chambers.

Andresa Baptista et al., Coatings 2018, 8(11), 402; https://doi.org/10.3390/coatings8110402

https://sciprofiles.com/profile/483779
https://doi.org/10.3390/coatings8110402
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Vacuum system setup – unballaced magnetron

Sivu 58
Andresa Baptista et al., Coatings 2018, 8(11), 402; https://doi.org/10.3390/coatings8110402

https://sciprofiles.com/profile/483779
https://doi.org/10.3390/coatings8110402
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Andresa Baptista et al., Coatings 2018, 8(11), 402; https://doi.org/10.3390/coatings8110402

https://sciprofiles.com/profile/483779
https://doi.org/10.3390/coatings8110402
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TiAlN-multilayer

Barlzers coatings

http://www.oerlikon.com/balzers/com/en/coating-guide-
overview/

Hauzer Techno Coating

http://www.hauzertechnocoating.com/en/

Platit coatings
Coating guide

PVD coatings – some commercial companies

http://www.oerlikon.com/ecomaXL/index.php?site=BALZERS_EN_oerlikon_balzers_coating_guide
http://www.oerlikon.com/balzers/com/en/coating-guide-overview/
http://www.hauzertechnocoating.com/en/
http://www.hauzertechnocoating.com/en/
http://www.platit.com/
http://platit.com/coating-guide
http://www.platit.com/coating
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Large volumes, up scaling
Hear reflecting, self cleaning, photo voltaic

/www. www.vonardenne.biz/


