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Motivation: examples of as-deposited propeties of S iBCN
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Deposition technique

DC magnetron sputtering of Six(B4C)1-x in N2+Ar at 350 °C
(selected compositions: cross-check using dc pulsed magnetron sputtering)

Three main control parameters
� sputter target composition
� discharge gas mixture compositon
� substrate bias voltage

DC
Magnetron

Gas inlet Matching
Network

13.56 MHz
Generator

Heater

Thermocouple

Cryopump

Substrate
holder

Ub

Ts

Im
S

N

N
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Main characterization technique

Ageing resistance expressed in 
terms of the thickness of the 
surface oxide layer measured by 
spectroscopic ellipsometry

Example of measured and fitted 
raw ellipsometric data: 
(change of light polarization after 
its reflection from the coating) 

clear optical boundary between 
thin surface oxide (low n) and 
thick bulk nitride (high n) 1 2 3 4
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 Fit

 

 

Ψ
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       2200 nm bulk 
       214 nm oxide
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SiBCN coatings studied

5 Six(B4C)1-x sputter target comp.
[Si target ] = 5, 20, 40, 60, 75%

×
4 N2+Ar gas mixture comp.

[Ar plasma ] = 0, 25, 50, 75%
×

2 substrate bias values
Ub = -100 or -500 V

×
2 storage conditions (open air

or in polyethylene bags)
⇓

80 coatings studied
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SiBCN coatings studied

controlling elemental
composition

controlling ion 
bombardment 
(densification)

5 Six(B4C)1-x sputter target comp.
[Sitarget] = 5, 20, 40, 60, 75%

×
4 N2+Ar gas mixture comp.

[Arplasma] = 0, 25, 50, 75%
×

2 substrate bias values
Ub = -100 or -500 V

×
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⇓
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SiBCN coatings studied

5 Six(B4C)1-x sputter target comp.
[Sitarget] = 5, 20, 40, 60, 75%

×
4 N2+Ar gas mixture comp.

[Arplasma] = 0, 25, 50, 75%
×

2 substrate bias values
Ub = -100 or -500 V

×
2 storage conditions (open air

or in polyethylene bags)
⇓

80 coatings studied
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(a) ≤50% Ar + ≥50% N2

(b) 75% Ar + 25% N 2



SiBCN coatings studied

2002-2003 : 80 coatings deposited,                     
as-deposited properties measured

↓

2005+ : as-deposited properties published

↓

2003-2015 : storage of 40 coatings under 
open air + 40 coatings in polyethylene bags

↓

2015 : ageing resistance (surface 
oxide thickness) studied

DC
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Ageing resistance for Si 5(B4C)95 target

� oxidation barrier formed in all cases
� effect of gas mixture composition qualitatively depends on Ub

� perfect ageing resistance at high |Ub| and low [Arplasma]

Si5(B4C)95

8/14



Si5(B4C)95 Si20(B4C)80

------ : complete oxidation (down to substrate)

Ageing resistance for Si 20(B4C)80 target

� least optimum target composition: frequent complete   
oxidation down to a substrate

� ageing resistance at strong Ar+ bomb. (highest [Arplasma])
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Si5(B4C)95 Si20(B4C)80 Si40(B4C)60      Si60-75(B4C)25-40

resistant
(no oxidation 
beyond surf. 
roughness)

------ : complete oxidation (down to substrate)

Ageing resistance for Si 40(B4C)60 target

� overall improvement compared to Si20(B4C)80 target
� perfect ageing resistance at high [Arplasma]
� even higher Si content: even better (only resistant samples)
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------ : complete oxidation (down to substrate)

100% N2 + 0% Ar

Ageing resistance for 100% N 2 + 0% Ar plasma
(⇒ "saturation" N content in SiBCN)

� ageing at medium [Sitarget] = 20-40%
� stronger dependence on [Sitarget] at high |Ub| = 500 V 
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------ : complete oxidation (down to substrate)

100% N2 + 0% Ar 25% N2 + 75% Ar

Ageing resistance for 25% N 2 + 75% Ar plasma
(⇒ "sub-saturation" N content in SiBCN)

� better - or even perfect - ageing resistance at higher [Sitarget] 
� again, stronger dependence on [Sitarget] at high |Ub| = 500 V 
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SiBCN ageing resistance map
two information in one box: effect of substrate bias

Six(B4C)1-x
sputter 
target 
composition

N2+Ar discharge gas mixture composition
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SiBCN ageing resistance map
two information in one box: effect of substrate bias

Six(B4C)1-x
sputter 
target 
composition

N2+Ar discharge gas mixture composition

SiO2 can protect bulk material

B2O3 can protect bulk material

SixByOz
(silicon constitutes impurities, 
not oxide in its own right) 
can NOT protect bulk material
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SiBCN ageing resistance map
two information in one box: effect of substrate bias

Six(B4C)1-x
sputter 
target 
composition

N2+Ar discharge gas mixture composition

best high-temperature 
(~1500 °C) stability and 
oxidation resistance
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SiBCN ageing resistance map
substrate bias leading to better performance

Six(B4C)1-x
sputter 
target 
composition

N2+Ar discharge gas mixture composition
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Explanation of some trends shown: densification

Densification expressed
(despite compositional changes with [Arplasma]) 

in terms of hardness
in terms of refractive 
index

� Higher [Arplasma]: densification of SiBCN coatings
(steeper trends at higher [Sitarget]  and lower |Ub|)

� Other words: transition from Ub = -500 V to -100 V                      
is more beneficial / less harmful at higher [Arplasma]

� Yet other words: do not combine high |Ub| + high [Arplasma]
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Explanation of some trends shown: densification

ageing
resistance

(densification 
in terms of)
hardness

(densification
in terms of)
refractive index

Performance of Si-rich films
- steeply dependent              
on [Arplasma]

- the best at high  
[Arplasma] and low |Ub|
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Explanation of some trends shown: densification

ageing
resistance

(densification 
in terms of)
hardness

(densification
in terms of)
refractive index

Performance of Si-rich films
- steeply dependent              
on [Arplasma]

- the best at high
[Arplasma] and low |Ub|

Performance of Si-poor films
- more weakly dependent  
on [Arplasma]

- the best at low            
[Arplasma] and high |Ub|
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Conclusions
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SiBCN coatings prepared in a wide   
range of compositions (⇒ properties)

Ageing expressed in terms of surface 
oxide thickness (ellipsometry) after 12 yr

Optimization of process parameters for 
each composition ⇒ ageing resistance
(and densification)

Si-rich compositions resistant, prefered 
preparation in Ar-rich plasma at low |Ub|

B4C-rich compositions resistant, prefered 
preparation in Ar-poor plasma at high |Ub|

[ J. Houska, Ceram. Int. 41, 7921 (2015) ]


