
Materials for fusion research

various type of coatings has to be developed for fusion 
reactors

ceramic coatings:

-The development of electrical insulating ceramic coatings has been 
conducted for reduction of MHD (magnetohydrodynamic) pressure 
drop of liquid Li breeder/coolant in the Li/Vanadiumalloy blanket 
system.

-The recent studies have confirmed that candidate materials of, Er2O3, 
Y2O3, AlN, CaZrO3, Al2O3, etc., could maintain the chemical 
compatibility with highly corrosive high-temperature liquid Li during 
long-time exposure.
- These ceramic coatings should be resistant against induced 
conductivity by radiation.



Examples of induced conductivity by radiation  for these insulators. 



Walls coatings:

beryllium coatings (first wall in the thermonuclear power plants)

W-coated carbon/carbon composite  (for diverter armor tiles of ITER)

These coatings should be:

a) adherent to the substrate and very compact

b) very resistant against high energy plasma interaction (ions, electrons, 
neutrons)

c) They should exhibit low erosion rate



Many technological approaches are to be optimized and 
implemented for preparation of these materials coating
materials.  

Perspective PVD and IPVD methods for these purposes are for example:

-magnetron sputtering deposition

-RF magnetron, pulsed HIPIMS magnetrons

-hollow cathode systems

-EB ARC deposition systems

-cathodic arc depositions

other IPVD methods



Sputtering systems fundamentals



The classical parallel plate DC glow discharge configuration 
operated in the normal mode called normal glow discharge 
(NGD)
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The normal current density j0:

where Vcn is normal cathode voltage drop, μ+ is ion mobility, 
γi ion –electron secondary emission coefficient a dn is the 
length of cathode voltage drop. 



When the total current increases the current density j0 remains constant but the 
cathode spot will extend its area. This can continue only to the moment when the 
whole of cathode surface is covered by the active cathode spot. From this point for 
further discharge current increase, the NGD will transfer to anomalous glow discharge 
(AGD) accompanied by the increase of current density and the cathode voltage. 

AGD is sometimes used in applications  of thin films depositions by the cathode 
sputtering



DC cathode sputtering in AGD

DC cathode sputtering- deposition of metallic thin films

-very old method used today only in very special cases of thin film deposition   
substituted recently by magnetron sputtering 
disadvantage- limited deposition rate and impossible to use lower pressure 
than ≈4 –5 Pa



The film deposition rate by sputtering:

For energy of incident ions (500-1000 eV):

of the target

Fundamentals of sputtering and reactive sputtering process







Reactive sputtering:
reactive gas is added in to discharge in order to 
react with sputtered particles (usually on the substrate) or with the
target surface 
examples
deposition of AlN with Al cathode and Ar+N2 gas
deposition of SiO2 with Si cathode and Ar+O2 gasses
deposition of TiO2 with Ti cathode and Ar+O2 gasses
deposition of Al2O3 with Al cathode and Ar+O2 gasses

metallic mode: target is not poisoned by reaction with reactive gas
(for example by SiO2 or TiO2)- original material of the target (Si or Ti)
are sputtered a react with reactive gas on the substrate
reactive mode: Target is covered by (SiO2 or TiO2) during process and 
these oxides are sputtered from the target ⇒ possible undesirable 
arcing (in DC sputtering) 



Some problems were overcome by increasing plasma density in 
front of the substrate ⇒ lower operating pressure, higher sputtering 
rate and many other advantages 
The most wide system used is planar magnetron sputtering system:

DC magnetron
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Typical conditions for DC magnetron sputtering





IPVD magnetron system with additional ICP RF discharge - ICP MS 

It makes possible to improve properties of metal films in microelectronics as
Al, Cu etc.
It can improve hard coatings as TiN, etc.
Ionized particle is easy to control by electric or magnetic field
The films can be deposited on substrates with trenches.

RF coil



Ion density in ICP-MS versus applied RF power in ICP-MS.



Degree of ionization of sputtered Cu in ICP-MS



RF sputtering fundamentals



RF sputtering advantages:

-Electrodes (active electrode) can be fully covered 
by  thick dielectric target which will be sputtered 
(for example Er2O3, Y2O3, SiO2 , TiO2, Al2O3
targets
-suppressed arcing 
RF sputtering disadvantages:

more technically difficult
RF interference
limited size of target, etc..



RF magnetron sputtering  (possible dielectric target)



DC pulsed reactive sputtering of TiO2 thin films
Ti target,  Ar +  O2 gas mixture



Advantages of DC pulsed sputtering MS (20-350 kHz) for reactive 
sputtering of metal target in Ar+O2 gas mixture:

-suppressing arcing of the oxidized target

-increasing of plasma density, increasing of ion flux and heating flux on the 
substrate  ⇒ higher quality of deposited oxide thin films (TiO2, ZnO, 
Al2O3). The films have higher density, better adhesion and lower 
roughness.



HIPIMS   High power impulse magnetron sputtering

high power in pulse  and low mean power
n e ≈ 1019 m-3

major fraction of sputtered atoms are ionized
lower porosity and higher density of deposited films (CrN)



Example of DC pulsed magnetron in HIPIMS mode



HIPIMS    and   dc- magnetron sputtering



Electron density evolution in HIPIMS system





Example of sputtered Ti atoms ionization in HIPIMS 







Comparison of deposition rates for dcMS and HIPIMS



Deposition of Ta films by HIPIMS and dcMS into deep trench



Application of RF magnetron sputtering on Er2O3, Y2O3 as 
barrier insulating coatings in fusion devices

Akihiko Sawada Fusion Engineering and Design 75–79 (2005) 737–740

-the target used  was made of Y2O3 or Er2O3 bulk,

- substrates of  SUS430, vanadium metal or V–4Cr–4Ti alloy (named NIFS 
Heat II)

- Ar gas was used



resistances of Y2O3 and Er2O3 deposited films were  1012 –10 14 Ωm
as required in fusion device.

Akihiko Sawada Fusion Engineering and Design 75–79 (2005) 737–740



-A cathode arc, vacuum arc, or metal-vapor arc is an arc that passes 
current between electrodes by means of vaporized electrode material of 
the arc itself.

-It can work in vacuum without noble gas as argon

- Arc discharges are characterized with high currents in the range from 
the lower threshold current (the chopping current) of approximately 30 A 
up to kA. The discharge runs at a low voltage in the range typically 20–
100 V.

-The current in a vacuum arc discharge is often concentrated in a 
luminous area of a few square micrometers on the cathode termed the 
cathode spot.

-The time scale of ignition and explosion of the spot are 1–10 ns and its 
residence time is of the order of 100 ns.

-The plasma density in the cathode spots is of the order of 1026 m−3 and 
the current density is as high as 1012 Am−2 .

-When the current reaches a threshold of approximately 150 A, a second 

Cathodic arc plasma deposition





Basic cathodic arc plasma deposition system



Detail of cathode spot



Bombardment of the substrate (ion plating) by DC voltage 
applied on the space charge sheet existing around the surface



Filtered cathodic arc deposition system
-We need to eliminate droplets in the films by magnetic 
filter



-This is observed to develop extreme residual stress in coatings 
with values routinely reaching 15 Gpa in filtered arc deposition 
system. It can be reduced by substrate bias application and ion 
bombardment control.

Othon R Monteiro, Annu. Rev. Mater. Res. 2001. 31:111–37



Al2O3 and Er2O3 deposited by filtered arc for fusion applicati

-Evaporation of metallic cathodes is used and oxygen is added to arc plasma.

-RF induced DC bias on the substrate is used in order to control ion energy

-Deuterium permeation was measured for these coatings deposited on 
PdAg30 substrates  

F. Koch, Journal of Nuclear Materials 329–333 (2004) 1403–1406
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Results of ceramic coating deposition by filtered arc.


	Foliennummer 1
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19
	Foliennummer 20
	Foliennummer 21
	Foliennummer 22
	Foliennummer 23
	Foliennummer 24
	Foliennummer 25
	Foliennummer 26
	Foliennummer 27
	Foliennummer 28
	Foliennummer 29
	Foliennummer 30
	Foliennummer 31
	Foliennummer 32
	Foliennummer 33
	Foliennummer 34
	Foliennummer 35
	Foliennummer 36
	Foliennummer 37
	Foliennummer 38
	Foliennummer 39
	Foliennummer 40
	Foliennummer 41
	Foliennummer 42
	Foliennummer 43
	Foliennummer 44
	Foliennummer 45
	Foliennummer 46
	Foliennummer 47

