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	Back end-of-line cleaning typically refers to the removal of residues from the plasma etch processes  such as sidewall polymers and veils, photoresist stripping and post-CMP cleaning.  Of these, the cleaning of plasma etch residues has attracted the most attention. During anisotropic plasma etching processes utilizing Cl2/BCl3/CHF3 chemistries, residues are often deposited on the sidewalls of patterns.  These sidewall residues, often referred to as ësidewall polymersí, are complex compounds of metals (Al, Ti, W etc.), silicon and  C, F and Cl and form as result of the interaction of metal halides with organic photoresist fragments.  If a subsequent oxygen plasma ashing treatment is used, the metal-organic compounds may be oxidized to metal oxides and oxyhalides which may be insoluble in water and dilute acids and bases.  Three chemical systems are currently used for the removal of these residues: (i) N-methyl pyrrolidone (NMP) containing an amine, (ii) an organic-aqueous solution containing ethylene glycol, ammonium fluoride, water and a surfactant, and (iii) a buffered hydroxyl amine solution containing water and a chelating agent . 


Solutions containing NMP are considered to function by swelling and dissolving the sidewall polymer.  However, solvent/amine stripper chemistry has been found to be inefficient in removing etch residues from metal stacks containing TiN and TiW.  This chemistry is also incapable of removing residues generated from  the etching of polysilicon with HCl and HBr chemistries.  Weak organic acids are often a part of the formulation to reduce metal corrosion after cleaning.


The  chemical system based on ethylene glycol and ammonium fluoride (EG-BHF) apparently attacks the metal/silicon-oxygen bond and the kinetics of the attack is controlled by the water content of the mixture.  The use of EG-BHF solutions is often followed by an isopropyl alcohol rinsing step.  Hydroxylamine (HDA) is a reducing agent and is claimed to be capable of reducing the metal oxides in the residues to a lower oxidation state.  The chelating agent (typically catechol) in the HDA solution is claimed to dissolve the lower valent oxide through chelation of the metal ion.  





	All three of the above mentioned chemical systems are typically used at elevated temperatures(50 to 95 deg. C).  HDA and NMP/amine based solutions appear to suffer from fire hazards.  Water rinsing after processing with any of the three solutions would result in aqueous-organic wastes which pose special handling problems.  In amine containing solutions, corrosion of aluminum metallization after DI rinsing may be a problem and care must be taken to avoid susceptibility to corrosion. To reduce post-rinse corrosion of aluminum, HDA solutions adjusted to slightly acidic pH values are being recommended for use prior to rinsing with deionized water.





	An aqueous based cleaner solution, maintained at a slightly acidic pH value,  containing tetramethyl ammonium hydroxide (positive resist developer) and a hydroxyl amine based salt has been recently patented.  This is claimed to be environmentally friendly and does not require the isopropyl alcohol rinsing step commonly practiced in the EG-BHF chemistry.





	Based on a survey conducted to date, it appears that semiconductor manufacturers would like to see the development of aqueous based chemicals for BEOL applications.  It is important that these aqueous based chemicals wet the hydrophobic sidewall polymers and do not induce corrosion of metals and silicon.  There is a tremendous opportunity to develop aqueous chemical systems with a high degree of wettability and least potential for corrosion.  





	





A dry technique known as cryogenic aerosol cleaning is also attracting attention but appears to suffer from an inability to removal metal residues.  In this technique, a mixture of argon (partially liquefied) and nitrogen at 77 to 900 K at a high pressure (~ 5 atm) is first allowed to expand to a low pressure (~0.25 atm) and hit the part to be cleaned.  The system is then warmed just below the triple point to remove residues.  
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BACK END OF LINE (BEOL) CLEANING





	


	. Metal and via etch residues (sidewall polymers,veils, etc.)





	. Photoresist stripping





	. Contaminants from CMP











	Aqueous Chemicals





	Organic Chemicals





	Dry Processing
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	PHOTORESIST STRIPPING:








	Aqueous Chemicals:





	H2SO4 / H2O2





	(NH4)2S2O8 / H2SO4





	Fuming nitric acid








	Organic Chemicals:








	N-methyl pyrrolidone (NMP) with and without


		amine based chemicals





	Dimethyl acetamide (DMAC) or Dimethyl sulfoxide 


		(DMSO) with and without


		amine based chemicals





	Buffered hydroxyl amine �






	METAL AND VIA ETCH RESIDUES:








	Aqueous Chemicals





	Nitric acid/acetic acid/hydrofluoric acid





	Ammonium fluoride/acetic acid








	Aqueous/Organic Chemicals





	Anhydrous ammonium fluoride/ethylene glycol





	


	Organic Chemicals





	Buffered hydroxylamine with a chelator (plus small amount of


          water)





	Amine/solvent systems
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	POST-CMP CLEANING





Tetramethyl ammonium hydroxide





Ammonium hydroxide





Ammonium fluoride/ethylene glycol


(and other etch residue cleaners)





Citric acid














CRYOGENIC CLEANING





Argon-nitrogen system 


	(ARIES tool from FSI)

















