Plasma Surface Interaction
(part I: fundamentals)

e Introduction
# complexity: plasma and surface

 Elementary processes of PSI

# adsorption, diffusion, desorption
# chemical reactions, sputtering

e Particle and energy balances




complexity of phenomena : plasma and surface
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basic description of plasma excitation
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plasma sheath (dark space) at surfaces affects the PSI ...
... and depends on discharge power and pressure
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elementary processes at substrate : plasma methods :

» chemical methods (CVD, MOCVD)
e physical methods : PECVD, PVD

* PVD : evaporation, plasma, ions

e plasma : PSP, IP/PL, PP, ME

diff

18.80 ISE




repulsion (~ 1/r%?)

'0
attraction (~ 1/r°)

I, :equilibrium distance
E.q : adsorption energy




physisorption : E > <0.5eV
chemisorption : E ;> > 0.9eV
E,>0 :activated CS
E, <0 :non-activated CS




Adsorption :
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sticking coefficient vy :

degree of coverage ® : ©® =n_4./n,
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The initial coverage of Ar on Zr (Eqes=0.24eV) and CO on Pd (Eges=1.43eV)
in dependence on the surface temperature.
The surface density is assumed to ng=6-10"‘cm™.
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Chemical Sputtering (CSP) :
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surface film reaction (SFR) :
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some effects of energetic particle bombardment
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physical sputtering (PSP) :
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Sputtering (PSP) for thin film deposition / coating

principle of dc cathode sputtering,
diode system
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b pump
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d target
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surface activation
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structure (morphology, crytal orientation ...

effect of
Ts, Jxo Jx/ Ja

Zone 1 lone 2 Zore 3
Metalle 7/ 7, <03 03...045 =045
Oxide 7/74 = (1,26 0,26..045 =045
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rate = deposition - etching : R=dx/dt =Ry -Rg
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example for particle balances
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hereonly: B,A,
assumption : chemical etching of B
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N. Hershkowitz et.al. (JVST A11(1993)4, 1283 and ISPC-12, 1995, 533.) !
“... plasma processing characteristics are similar ... when only a limited number
of plasma parameters are identical at the plasma-wafer sheath boundary.
Identical values of energy flux and particle concentration result in identical rates.”

PSI at LPPP is affected by :

* energy (E) of impinging particles (energy transfer)
o particle flux density (j) towards the substrate (momentum transfer)

thermal / energetic conditions at the substrate surface
during plasma processing essentially determine

* elementary processes (adsorption, diffusion, desorption ...)
 chemical reactions (CSP, SFR ...)

e composition (stoichiometry ...)

o structure (morphology, crystal orientation ...)
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utions to energy influx
* radiation (plasma, walls, sources)
* kinetic energy of charge carriers (electrons, ions)
* energy of neutrals (kinetic energy, excitation energy,
heat of adsorption and condensation)
 exothermic chemical reactions
« external heating

energy losses at substrate surface :

* radiation (environment)

* heat conduction and convection (substrate holder, gas)
* desorption

 endothermic chemical reactions

o sputtering of particles and secondary electron emission
» external cooling




