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B. Simple Power Balance M odel for RF Discharges

1. AssumeVgheqhs™ Vpulk- We control jg, w, dimensions
2. Power deposition is by

Electron heating in the bulk

lon bombardment of electrodes

Secondary electron emission with acceleration back into the plasma
Stochastic heating
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4. Bulk electron heating: Pg (Watts)

\ - \%20 ..
= € > xdV = +xdV 1k, S = conductivit
Fs = O 1€ >rvs *dVpuik ogg o Wouik y

5. lon acceleration: P

a Assume that there is no recombination or attachment in the bulk plasma. (ng=n)
b. Every ion produced in the bulk islost to the electrodes.
c. lonsenter the sheath with the Bohm speed.

Ne Xion Ngas) *dViik :'Q\eath N} XUohm A gfectrodes
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Where the first term is the ion acceleration in the sheath, the second term is the Bohm speed
contribution, and the last “2” isfor 2 electrodes.

6. Secondary Electron Power: Pg

For every ion striking the electrode we get g el ectrons which accel erate back into the plasma.

_ . JVREO
Pe=0a=> 45 M Ugohm W h-2

where the last “2" isfor two el ectrodes.
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7. Stochastic electron heating: Pg

a. Electrons are accelerating by advancing sheath in the same manner as an elastic collision
of aball from a piston.

b. Usheath (piston)
(—

Uincident

Ureflected
«—

Urefl = —Uinc + 2Usheath

The power into the electrons for 2 sheathsis then

F 1
P = ZQ Eme(u?eﬂ - Uiznc) >‘(Uinc' ush) Nef (Ujnc) *dUjne >Xw>h

¥ energy gain rate of collision

N 2
= ‘Z’Qmersh Ugh (Uinc = Usn ) Nef (Uinc) dUjnc w>h
Assume that Ughegh = Ug SIN WE and integrate over time
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Ps» 2 - 2mdie Ug Qsh Uinc f(Uinc) dUjnc w >h

Since ug, << <Ujnc>, then set lower limit to zero. Note that
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The conduction current in the bulk plasma must equal the rate at which the electrons are

swept out by the sheath, so

Jo=Q-Nng-Ug

8. Thetota power deposition isthen:

Pota = Foulk *Pe-sec *Fon * Rtochastic
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9. To complete the analysis, we need a relationship between Vg and jg, neand T

VRF

If we assume that the majority of the applied voltage is across the sheaths,

then on the average
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Since the capacitive current through the sheath is

dVRF C.= W><h>e0

=G+ T g
. _ e jod
then o= ECS) VReW,  Vgg= 6073
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@ One @ wQne then

Since dg
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Te  Theelectron temperature comes from the ion balance:

ne'klon'Ngas'IB'W'h:nl'uB'W'h'2
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aKT g
Kion (Te) - Ngas - g = Ugohm - 2= éM_Ieg ‘2

Ne The electron density is obtained by equating all sources of electron heating to the
power dissipation

(Power into €'s) = & (elastic + inelastic losses)

Bm 3 o 0
Pg + P+ Pr=nNg gwe 5 Kpoltkmom(Te- Tg) + @ Deik|;' lg-w-h
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EXAMPLE: Argon RF discharge, 100 m Torr
w=2p-13.56 MHz
A
jo= 25 , L=5cm, g=0.05

3
1/2 ﬁﬁeV o165 cm” B
Kion » 108 Te Te +:I_gexpe T o - De= 16 eV
3
. 1/2 a8.2eV e 12y cm a
Kexc » 2 10‘8Te & T +:|_0 pe_l_ 8 < De=12 eV
3

m
Kmom » 5~ 108 CT
Te If we approximatelg =L —2dg» L, then

aé(Tedllz

Kion * Ngas Ig » Upohm * 2= a1’ 2> Kion * Nas* L

1/2
.. - 12

327 1010em 3108 Tyf (53— + Lexpg™—
€ e

Mion g

To=173eV

Ne Pg + Pyochastic + Pe = €lastic + inelastic

(Assumeg=0forng...)

?1 2 menm s+ MeVih . (2)u
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—En e NG Nma = gsz(T Tg)+n NG(Dek,0n+DekeXC)HhWL

Ne» 2.38° 1010 cm-3
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ds  (Sheath Width)
2o _ 2° 257103 c- scm®

~WONe  2p” 1356° 10°° 1.6° 10007 238" 100 ecm?- s- ¢
=0.154cm (<<L=5cm)

(Note: With the known value of dg, you can now replace L with Ig = L —2dg in the expression
for T to get amore accurate temperature.)

Voo Voo = J0%s _ 25" 10 3x0.154 c-cmJ-cm-s
RETRF ™ egw " gg5 104" 2p1356° 105 om?-s- &
=511V
Ptotal
Pouk =
128N, 0 _ (25 10%)%0911" 10%" 6" 108(5- 2" 0.154) ergs o
JOG_ X(L 2ds)pR 192 10 2 pR
q 2(1.6° 100)<(2.38" 10) cm<- s

—351—>pR =110W  (7.4%)

Mg %V} 27 0911 10 %' x.12" 108(25° 10°3)2  ergs
Pheath = —5—1 j§ pR® = ( L =9

sochasic  O°Ne (1.6” 10719)22.38" 1010 cm?- s

= 20. 9— PRZ=658W  (4.4%)

_ \V KTe0
Fon = 2 XUBohm ’?1 2RF "'Teg’pR

acceleration
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Ptotal =148.8 W



