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motivation

[ reactive sputtering: sputtering of elemental targets in the presence of
reactive gases (O,, N,)
[ target poisoning: gas reacts with ejected target material and target surface

[ compound layer formation on the target surface
» strong reduction of sputter rate
» unstable process parameters

[  model of poisoning:
— consider a homogeneous Iayer formation on the target

due to homogeneous pa o fluxes to the targe
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ion beam analysis (across the target)
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ion beam analysis (race track)
Concentration of Nitrogen in the race track
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particel fluxes

[ neutrals: Ar, N>, N [ ions: Ar+, N2+, N
[ neutrals: N

constant flux due to low flux high flux
the partial pressure density density

Fig.: cross section magnetron target

[ possibility for a diagnostic with the mass spectrometer ?
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mass spectroscopy (sputtered Ti)
(sputtering without Nitrogen)

Sputtered Titanium (target center) Sputtered Titanium (race track)
100000 100000
i total amount i total amount
90000 ) ionized fraction 90000 7 ionized fraction
80000 - 80000 -
70000 70000
vy 60000+ »n 60000+
hd 1 e 1
C 50000+ C 500004
> 5 S i
O 40000 - O 40000-
o - (U] i
30000 30000 -
200004 20000
10000 10000
0 U T . T . T I T ; T ; T I T u 0 I T s T I T I T I T ; T . T .
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

Dominik Guttler Forschungszentrum Rossendorf -
Institute of lon Beam Physics an Materials Research L"



mass spectroscopy (sputtered Ti)

Origin of ionized fraction

region of plasma after glow:
(centre up to 10 mm outside)

[ most of sputtered Ti get ionized
[ energy around 10 eV

outside this region:

[ less ions reach the spectrometer
[ lower energy - around 5-6 eV
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mass spectroscopy (reactive

sputtered Ti)

Energy distribution of Titanium neutrals
(target centre)

Energy distribution of Titanium neutrals

(race track)
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summary energy shift (sputtered Ti)

Energy of sputtered Titanium neutrals
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N_ vield measured across the target
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discussion

[ ion beam analysis

- nitrogen areal density n =4...11 * 10" atoms/cm?

- saturation at a concentration when stoichimetric TiN is formed

=> proved that implantation and adsorption of reactive gas takes place

- found a lower reactive gas concentration in the race track
=>characterization of particel fluxes with energy resolved mass spectrometer
[ energy shift in the energy distribution of ions

- big shift ... for the sputtering in Ar & Ar/N, => changed plasma potential

— small shift... in connection with the nitrogen flow => indicates target poisoning
and the changed surface binding energy Ti<->TiN
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