3.1. Introduction to Plasma Processing

Plasma ...

* is quasineutral system of charged particles (electrons - n., ions - n,)

that can contain neutrals (n,)
fully ionized plasma x, ~1

weakly ionized plasma

lonized gas — plasma

ionization degree: BRGNS/

Neutral gas (undar some conditions)
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v' Dodanim dostate¢né energie molekularnimu plynu dochazi k jeho disociaci na atomy v
dusledku srazek téch ¢astic, jejichZ tepelna energie prekracuje vazebnou energii molekuly.

v Jesté vétSi dodana tepelna energie zpusobi prekonani vazebnych sil elektrond k jadru =
lonizace, tj. vznik volnych elektrond a iontd = plazma




Two Methods for Generation of Plasma

v DostateCnym zvySenim teploty: Pak jde o systém v termodynamické
rovhovaze. Elektronova teplota a stupen ionizace jsou svazany Sahovou
rovnici. V laboratofi neobvyklé, ale v prirodé Casté (astrofyzikalni plazma).

v Pomoci ionizacnich procesu zvySujicich mnohonasobné stupen ionizace

nad jeho rovnovaznou hodnotu (po vypnuti zdroje ionizace dojde k dohasinani
plazmatu diky rekombinaci):

» fotoionizace — ionizacCni potencial » elektricky vyboj v plynu — el. pole
napr. atomu kysliku je 13,6 eV urychluje volné elektrony na energie
= foton o vinové délce 91 nm (daleka dostatecné k ionizaci atomu,

UV oblast). laboratorni plazma.

lonosféra Zemé - prirodni
fotoionizované plazma.




Important plasma parameters are
* electron temperature T,

* electron density n,
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natural and artificially created plasmas




e T Is given rather in [eV]

room temperature
1eV=11600K
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Quasineutrality, plasma sheath

Quasineutrality has to be fulfilled on the scale

Quasineutrality is violated in regions adjacent to walls and other solid objects in
contact with plasma — plasma sheath.

These regions are very important for plasma processing. Plasma potential is
always the most positive potential — electrons are repelled by a Coulolmb
barrier, ions accelerated towards solid surfaces.




Interactions (collisions) in plasma
 Plasma contains many interacting charged particles. Condition:

* Plasma exhibits collective behavior of electrons that 1s not much disturbed
by electron-neutral collisions

Dynamics of charged plasma particles 1s given by
» externally applied fields and
e internal fields resulting from existence and motion of charged plasma particles

We can distinguish interaction of:

* two charged particles

* charged and neutral particles.

According to importance of these two interactions plasma is divided into weak or

high 10onized.
Excitace As+e — A5 +e”

There are various elastic Disociace Ay +e” — 24+ e

or inelastic collisions Zachyt elektronu Art+e +M— A, + M

(interactions) in plasma. Disociativni zachyt Asr+e A4+ A

Few examples: Ionizace Ay, +e — A__; + 2e~
Fotoemise A5 — As + hv
Abstrakce A+B, — AB+ B




