
Silicon Etching (Ruska Ch. 6) 
• Poly Crystalline Silicon widely used as a conductor• 
• Called Poly Si:  
• Modest resistance conductor  
• Usually highly doped silicon 
• Gate conductor in self aligned process 
• Gate creates the position of the source/drain 
• Poly Silicon etches similar to single crystal Si 
• Changes depend on crystal size and doping 
 

 
 



Etching Silicon 
• Typical etch: HF and HNO3 (nitric acid) combination 
• Oxidation/reduction reaction 
• Nitric oxidizes the silicon 
• HF removes the oxide formed 
 

3Si + 4 HNO3 + 18HF → 3H2SiF6 + 4 NO + 8H2O 
 

• Ratio of HF/Nitric set etch rate 
 

 
 



Typical Isotropic Silicon Etches 
• Typically dilute with Acetic acid CH3COOH 
• Reduces the etch rate 
 

 
 



Diluted HF/Nitric/Acetic 
• Etch rates depend on dilution 
 

 
 



Common PolySilicon Etches 
• Similar to single crystal 
• Must control etch rate 
 

 
 



Anisotropic Etching of Silicon 
• Etching that proceeds along crystalline planes 
• typically <111> plane slowest 
• <100> fastest (ratio 30:1 to 100:1) 
• Used extensively in micromachining & power transistors 
• <100> wafers get "V" groves 
• <110> wafers get vertical side walls 
 

 
 



Typical Anisotropic Etchants of Silicon 
• EDP (Ethylenediamine Pyrocatecol & water) most common 
• Advantages: attacks silicon, not oxide or aluminum 
• Disadvantage: poisonous 
• Potassium Hydroxide (KOH) 
• Advantages: good crystal plane selectivity silicon 
• Advantages: attacks aluminum 
 

 
 



Aluminum Multilayer Structures 
• Aluminum most common conductor in CMOS 
• Conductive and easy to deposit 
• Easy to etch 
• Problem is to make multilevel structures 
• Must make contact between Al layers 
• Aluminum grows a protective insulating oxide 
 

 
 



Ohmic Contacts 
• Aluminum oxide can create diode like contacts 
• Want a pure Ohmic contact (linear resistance) 
• Get this by sinter in dry nitrogen at end 
• Typical 450oC for 30 minutes 
• Removes the oxide, creates ohmic contact 
 

 
 



Aluminum Alloys 
• Pure aluminum has reliability problems 
• Sinter & high temperature creates difficulties 
• Add Copper and Silicon 
• Makes it much harder to etch 
 

 
 



Aluminum Spike Through 
• When Aluminum heated penetrates silicon 
• Si moves in Al, Al into Si 
• Get spikes which can short junctions 
• Suppressed by adding 1-2% Si to Al 
 

 
 



Phase diagram 
• Silicon 1.5% Aluminum Eutectic  
• Lowest melting point alloy 
 

 
 



Preventing Spike Through 
• Adding Si to Al prevents spikes 
• Also put down Barrier metal layers 
• Tungstan, Molybdenum most common 
• Refractory metals 
 

 
 



Aluminum and Hillocks 
• When Al heated grows Hillocks 
• Spikes up to 1 micron high! 
• Can punch through intermetal glass layers 
• Add copper to suppress  
• Also for electromigration:  
      tendency of metal to move when current applied 
• Problem is Si/copper makes etching difficult 
 

 
 



Aluminum Etching 
• Oxidation: removal of electrons or ions from material 
 

M → M+ + e - 
 

• Reduction: addition of electrons to reactant 
• Redox reaction: both oxidation and reduction 
• Aluminum etches are redox reactions 
 

6H+ + Al → 3 H2 + Al3+ 
 

• Must remove aluminum oxide for reaction 
 
 



Typical Aluminum Etchants 
• Most are Phosphoric Acid based (H3PO4) 
• Acetic for dilution 
• Note: without oxide Al would etch in water 
 

 
 



Creating a Sloped Sidewall for Al 
• Want sloped sidewall for step coverage 
• Thus over etch aluminum 
• Allow resist to lose adhesion 
 

 
 



Sand Removal in AlSi or AlSiCu 
• Metal etch leaves Al rich Si sand 
• Copper makes reaction worse 
• must remove with a "sand remover" wet etch 
   29% H2O, 70% HF, 1% HNO3 
 
 



Lift Off Techniques 
• Put defined resist below metal deposition 
• Al goes through holes 
• Then dissolve resist 
• Extra Al floats away 
• Problem is the "Sky is Falling Syndrome" 
      material left behind 
 

 
 


