7.3 Plasma Sources

Classification of plasma sources:

according to pressure importance of mean free path: A=1/no

* low pressure
« atmospheric pressure n — density, ¢ — collision frequency

according to excitation frequency

* d.c. (d.c. glow discharge or planar diode, thermionically supported diode,
d.c. magnetron, vacuum arc)

« audio frequencies (50 Hz up to 30 kHz)

* low radio frequencies (30 kHz — 1 MHz)

* high radio frequencies (usually 1 — 60 MHz, typically 13.56MHz, 27.12MHz)
* microwave frequency (typically 2.45 GHz)

importance of electron and ion
plasma frequencies:
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7.3.1 Typical Low Pressure, High Frequency Plasma Sources
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Q plasma sustained by electromagnetic wave: electron cyclotron
resonance, helicon discharge, surface wave discharge




Principle of r.f. CCP discharges

discharge is sustained by r.f. current and voltage
coupled via capacitive plasma sheath

electrical circuit usually contains .blocking” capacitor
< dc current cannot flow in the circuit
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voltage divider action due to displacement current in
plasma sheaths




Construction of CCP reactors

Q vertical reactor with inner parallel electrodes
Q horizontal reactor (parallel-plate diode discharge)
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Construction of CCP reactors

GEC (Gaseous Electronics
Conference) reference cell

Reactive lon Etcher (RIE)
R.F. Diode
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Principle of ICP discharges

r.f. antenna in the form of coil attached to dielectric
window — electromagnet creating rf mg field —
induction of rf el field

Energy of electrical field is transferred to the
electrons in thin ,skin® layer.

» non-collisional processes — electrons ,collide”
with induced oscilating el. field

» energy is dissipated by collisional (ohmic)
processes

= non-capacitive coupling is a key
point for low voltages (typically 20-
30 V) in sheaths at electrodes and
reactor walls

= Farraday shielding is used to
surpress capacitive coupling (high
voltage on the coil)

skin depth (collisionless)




Construction of ICP reactors Q planar geometry
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Principle of ECR discharges

elektrony rotuji kolem siloCar magnetickeho pole s
elektronovou cyklotronovou frekvenci, ktera je

v rezonanci s frekvenci elmag pole,

a takto ziskavaji energii

iicrowave 1r'pu.

f=2456Hz = B=8756G




Princip helikonoveho vyboje (helicon wave source)

Pomoci specialni rf antény (13,56 MHz) se generuje helikonova vina,
ktera postupuje podél vnéjSiho mg pole. Tato vina zpusobuje velmi
efektivni ionizaci => vysoké hustoty plazmatu.

Mg pole ma tfi funkce (a) zvétSuje tloustku skinove vrstvy, (b) pomaha
udrzet delSi dobu elektrony, (c) je dalSim volnym parametrem pro
zlepsSeni uniformity hustoty

0 je Uhel mezi smérem Sireni (vinovym
vektorem A) a vnéjsim mg. polem B,

B _ B(r)ei(m¢9+kz—a)t)




Konstrukce helikonovych zdroju

podle konstrukce
antény je mozné generovat
urcity méd helikonové viny

diky vysoké hustoté generovaného
plazmatu se pouzivaji v
~downstream” konfiguraci
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Comparison of (high f, low p) plasma sources

plasma frequency density el. temper. mg. field
source [cm™] [eV]

CCP r.f. 10°-101 1-5

ICP r.f. 1011-101"2 2-7 optional
(<1013)
ECR W. 1010-1012 2-7 875 G

helicon £ 1011-1012 2-7 20-200 G
(1011-10'4)




