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E=E0 sint 
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cmVteEVm   2sin0
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Collision frequency for the momentum transfer: 

Loss of electron momentum  per second due to the 

scattering by inelastic collision with atoms or 

molecules  
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Solution: 

Phase Shift 

v is superimposed with random motion 
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Power Coupling to the Plasma 
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Optimum Power coupling to Plasma  
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2- When the frequency is fixed; e.g. at 13.56 MHz 
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Energy Coupling with Magnetized Plasmas 



Solution: 

~ 
E=E0sin(t) B 
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For C1, C2, C3, 

and C4 see 

equations 12.34-

12.37. 
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Power Coupling to the Plasma 
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Optimum Power coupling to Plasma   (with B) 



















cgcg

cp



22 )(

1

)(

1
*





















2/1

2

4

, 10
* c

optg

gd

d
3

c 

g

c









3

g

g

c
gopt

d

d



























2/1

4

4

10
*

)(0
* 22

, goptc

cd

d









RF 

Supply 

V 

x 
d 

0 

=0 = 

P, w/m3 

ne/m
3 

0 d 
N

u
m

b
er

 d
en

si
ty

 
P

o
w

er
 D

en
si

ty
 



~ 

d1 d2 

L 
A=(d1+d2)/2 

E=Ep-4en(d1-x) E=Ep+4en(x-(L-d2)] 

E0=V/L+8en(A/L)(d1-A) 
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Breakdown in RF Capacitive Discharges 

EEff,b 
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Condition for Breakdown: 

Power input > losses 

Loss Mechanism: 

1- Diffusion   

2- Volume Recombination 

3- Electron Attachment 
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i 2i 2

L1 

L2 

Eeff, b 
1- RF to plasma coupling is very 

poor at low pressure. 

2- At higher pressures, the electron 

must acquire energy such that  

eeEEff, b>I for ionization but  e 

decreases with increasing pressure. 

3- The minimum field requirement 

occurs at 2i =  . This point is the 

most favorable coupling point. 

4- The volume to surface ratio increases with 

increasing L and a more favorable balance for 

charge carriers and a smaller field is 

permissible. 

5- EEff, b < EDC, b since the lifetime of the 

electron in a RF field is much greater than in a 

dc discharge. More collisions are possible and 

the field strength required for breakdown is 

decreased. 

E=E0 sint 
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