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Summary of Plasma Etching 



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. 



Ion Trajectory Problems 

500 nm 



Deep Reactive Ion Etch (Bosch Process) 

• Alternating passivation/etch cycles 
• High density plasma is required 

– Low pressure to reduce ion scattering 
– Reduces microloading effect  



Remote Plasma Reactors 

• High-density plasma 
– Pressure: 1 mT ~ 10 mT 
– Bias < 1 kV 



Inductively Coupled Plasma (ICP) 

• RF voltage applied to a 
coil; 

• Varying field BZ leads to 
circumferential current 
in plasma, which 
accelerates the electron 
energy; 

• Can adjust plasma 
potential (or ion 
bombardment energy) 
independent of plasma 
density. 

Allows Plasma to sustain in at much lower pressure (1-10 mT) 



ICP Advanced Si Etcher (from STS) 



Ion-beam or chemical-beam assisted etching 



Photon-Assisted Etching 

Laser-assisted chemical etching (LACE) in Cl2.  
Cl* represents the highly reactive chlorine radicals formed locally by the laser 
beam. 



Issues in etching 

• Uniformity 
– Across wafer, and across window 

• Rate 
– Fast enough to be practical, slow enough to be controllable 

• Selectivity 
– Rate of etching target material relative to mask-etching rate (should 

be large) 
• Anisotropy: 

– Directional dependence of etch rate 
• Byproducts 

– Volatile or otherwise easily removed, and environmentally safe 





Local Loading Effect 

CCl2F2/O2 RIE 





High Selectivity 

Low Selectivity 





Comparison of Various Etching Processes 





Review of RF Plasma 

RF plasma allows electrodes to be insulated 
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Review of Plasmas 

Limitation: Both Cathode and Anode must be conductive 

What if we want to etch SiO2? 
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