


Sample preparation 

•  Carbon deposition by two different technique to mimic the 
real carbon contamination in EUVL tool 
–  C, by filament evaporation deposition 
–  C, induced by EUV photons 



Variable Angle Spectroscopic Ellipsometry (VASE) 

Wavelength range:  
•  0.8-4.5eV (276-1550nm); 
Incidence angles: 
•  65º/70º/75º; 

Ellipsometry measures: Ψ(Psi) and Δ(Delta) 



Ternary phase diagram of amorphous C 
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The nature of polymer like C was confirmed by surface acoustic wave + Raman analysis. 



•  Detection limit: 0.2 nm; 
  sub-monolayer detection achievable with state-of-the-art ellipsometers; 

•  Sensitivity of Δ: 1.9 degree/nm at the beginning of growth; 
•  An order of magnitude improvement when used in situ; 



•  Pros 
–  Excellent sensitivity 

•  sub-monolayer detection possible; 
–  Distinguishes different contaminating species; 
–  Excellent reproducibility; 
–  Non-destructive; 
–  Non-contact;  
–  Fast; 

•  Cons 
–  Analysis is complex; 

•  How to exclude other effects (e.g. substrate temperature)? 
•  How to predict reflectance loss for angstrom order thickness change? 



LG-SAW experimental setup 
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SAW evolution on multilayer 
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 Soft polymer-like carbon films by EUV illumination; 
 5 nm of EUV induced carbon can be detected; 
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Hot filament C 

Hard graphite-like carbon films 



•  Pros 
–  Nanometer detection limit; 
–  Mechanical properties of the contamination layer revealed; 
–  Good reproducibility; 
–  Non-destructive; 

•  Cons 
–  c-Si substrate needed; 
–  Temperature resistance? 
–  Detection requires contact; 
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 Both LG-SAW and SE characterized as techniques to monitor 
contamination of EUV optics 
–  SE was found to have a high (0.2 nm) detection limit 
–  Further SE work on XPS benchmarking and mimicking “HVM” EUV-induced 

C contamination 
–  SAW was found to have few nm detection limit 
–  SAW revealed the mechanical properties of the layer 

 Challenge: 
-  Relation with capping layers 
-  Discriminate different contaminants 
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