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The (in)stability of process control mechanisms 
in reactive DC sputtering deposition

Simulation software 

Solution : Voltage control ?

 

Problem : Criticality mechanisms during reactive deposition
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deposition:
number densities

energy distribution
incidence direction

System observables:
  reactive gas pressure
  discharge current/voltage
  target/substrate state

Operation parameters: 
  reactive gas flow
  pumping speed
  discharge current/voltage
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operation process curves 
(with hysteresis)
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Reactive IV-characteristic
is in fact a mixture of four

I=ki(V-Vi,0)2

with i=Ti, TiO, Ti2O3, TiO2

and ki ~         where

stable

           reactive IV-characteristic 
        = 

superposition of metallic and 
oxidized I=km/ox(V-Vm/ox,0)2

where k ~ 

           reactive IV-characteristic 
        = 

superposition of metallic and 
ONE oxidized IV ?

No!

Different oxidation states?
In-vacuo XPS determination
of target composition proves
existence of two additional
sub-oxides TiO and Ti2O3

along hysteresis.

0.1

0.2

0.3

0.4

0.5

0.6

0.7

320 360 400 440

D
is

ch
ar

ge
 c

ur
re

nt
 (

A
)

Discharge voltage (V)

decreasing current
increasing current

RSD2013

0.1

0.2

0.3

0.4

0.5

0.6

0.7

240 280 320 360 400

D
is

ch
ar

ge
 c

ur
re

nt
 (

A
)

Discharge voltage (V)

decreasing voltage
increasing voltage

RSD2013 0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

240 280 320 360 400 440

D
is

ch
ar

ge
 c

ur
re

nt
 (

A
)

Discharge voltage (V)

0
4
2
3
1

QO2
 (sccm)

I I

unstable Ti - TiO2 - ...


