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Pressure range for normal glow-discharge plasmas 

High-density plasmas can sustain at lower pressures 



RF Plasma 



Plasma is conductive but not a good one 

τ: average time between collisions 



Charge balance in RF plasma 

RF plasma allows electrodes to be insulators 
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Voltages in RF Plasma 
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A2 and A1 are areas of the electrodes, m=4 in simple theory,  
but usually is 1~2. 

The larger electrodes are typically the chamber wall. 



Sputtering Effect 



Sputter Etch 
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Re-deposition in 
Sputter Etch 
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Solution to Re-deposition:  
Forming Volatile Products in plasma 

Solid Etch Gas Etch Product 
Si, SiO2, Si3N4 CF4, SF6, NF3 SiF4 
Si Cl2, CCl2F2 SiCl2, SiCl4 
Al BCl3, CCl4, Cl2 Al2Cl6, AlCl3 
Organic Solids 
(photoresists, etc) 

O2 
O2+CF4 

CO, CO2, H2O 
CO, CO2, HF 

Refractory Metals 
(W, Ta, Nb, Mo …) 

CF4 

Cl2 
WF6 … 
WCl6 

III-V 
GaAs, InP 

Cl2, CCl2F2 

CH4/H2 
GaCl3, AsCl5 
PH3, In(CH3)3 



Configurations for Parallel-Plate 
systems  

to pump
etch gas

(rf)1

(rf)2(after J.W . Coburn) s2

substrate

(rf)1   ≠  0  (rf)2   =   0         Plasma etching 
(rf)1   =  0  (rf)2   ≠   0         Reactive ion etching 
(rf)1   ≠  0  (rf)2   ≠   0         Triode etching 



Dry etch combines 

physical etch 

e.g. Nobles: Ar+ 

+ reactive ions 

free radicals 





Sidewall Deposition 

• REMOVAL of surface film and 
• DEPOSITION of plasma reaction products can occur 

simultaneously  
• Sidewall deposition can be passivation 



Ion-enhanced Chemical Etching 
Physical and chemical processes not just independent of each other.  
Ion beam can enhance chemical etching: 



Sidewall control  

Tailor mix of gas as well as ion energy & rate  
to select desired wall profile. 



Summary of Plasma Etching 



Etch Rate Increases with large 
concentration of active 

ions/radicals 

discharge

4F

This produces a large amount of atomic F. Compare this to

discharge

F

s11

CF4 CO2

CF4

CF3

O2



Hydrogen Concentration in 
Fluorine based plasmas 

• H ties up F, and 
increases the 
chance of 
polymerization 
(Teflon like). 

• CHF3 etches SiO2 
fast, but Si slowly. 

• C4F8 is used for 
polymerization in 
deep RIE etch. 
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