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Tyhjiöhöyrystys

Electron beam evaporation
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Evaporation
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Thomas M. Christensen
UCCS 2000
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electron beam evaporator
view of sample with beam shutter
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Evaporation temperature for p = 10-2 torr =1.33 10-2 mbar

[Mahan, p149]
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Vaporization

§ Evaporation or sublimation of atoms from surface due to thermal 
energy

§ If the surface of source is in equilibrium with the vapor, the rate of 
molecules flowing from the source is:

8
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Vapor pressure
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Vapor pressure
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Vapor pressure from tabulations
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Vapor pressure of alloys
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Vapor pressure of alloys
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Thomas M. Christensen
UCCS 2000
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Extraction of materials from solid

§ Evaporation

§ Sputtering

§ Arc (evaporation)

§ Laser heating

15

Thermal

Kinetic
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DC Plasma glow discharge and arc

Glow discharge
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PVD methods

Ion beam sputtering.       
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Ion beam sputtering

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

Dual beam sputtering

http://www.youtube.com/watch?v=Ibcr-B258J8&NR=1
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Ion plating
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Sputtering
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Magnetron-sputtering

Lähde: Angstrom Sciences, Inc.

Magnetized electrons 

https://youtu.be/Hf2kkqZhL7U
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Magnetron-laitteisto

Unbalanced magnetron sputtering
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Magnetron-laitteisto

Closed field magnetron sputtering
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PVD-pinnoitin
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Magnetron Sputtering video

Sivu 26
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Surface coating methods – more details
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“Pulsed 
Plasma
Diffusion”

High power pulsed Magnetron Sputtering

http://www.moreinspiration.com/Innovation.aspx?id=4163
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PULSED SPUTTERING
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HIPIMS denser films
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HPPMS denser films

Ti sputtered by DC magnetron and HPPMS.
Note the difference in film density and smooth 
top surface of HPPMS film
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Reactive sputtering
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Reactive sputtering
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Reactive sputtering
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Reactive sputtering
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Reactive sputtering
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Reactive sputtering
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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/e184
109

http://prb.aps.org/supplemental/PRB/v81/i18/e184109
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Filtering of particles from vacuum arc plasma

§plasma follows magnetic field lines

§plasma bent around corner

§particles go straight

50

Andre Anders LBL
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Three types of bonding of carbon atoms

§ sp3

- Four string σ bonds in tetraedric directions

§ sp2 

- Two σ bonds in plane
- One weekπ bond ( non localised electron- conductivity)

§ sp1 

- Two σ linear  bonds
- Two week π bonds  (non localised electrons- conductivity)
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Carbon

§Carbon has 3 hybridised
bondings sp3, sp2, sp1

§ sp3 bondings form four
equal carbon-carbon
bonds producing
tetrahedral structure of 
diamond

§Graphite has three sp2 

hybrid orbitals in plane
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Diamond-like carbon (DLC)

• Various forms of C-H 
alloys presented in a 
ternary phase diagram

• DLC is a metastable
form of amorphous
carbon

• DLC films have a mixed
sp3/ sp2 structure with
different sp3 and sp2 

proportions depending
on deposition technique
and parameters
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Properties of ta-C
as function of Ei

Sivu 55
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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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Laser ablation
57
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Plasma plume

§Copper target

58
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Laser plasma plume

§Carbon plasma from graphite target

59



Jari Koskinen, Aalto University 2016 A!
Aalto-yliopisto
Teknillinen korkeakoulu

Particularly suitable for alloyed materials
60

Organic Spintronics
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Ei as a function of laser pulse energy

Sivu 61
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TiAlN-multilayer

Multilayer coatings
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Large volumes, up scaling
Heat reflecting, self cleaning, photo voltaic

/www. www.vonardenne.biz/
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New emerging PVD methods

• vacuum polymer deposition (VPD)
• high-power pulsed magnetron 
sputtering (HPPMS or HIPIMS)
• filtered cathodic arc deposition
• glancing angle deposition (GLAD).


