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Model to predict lifetime in Mo/Si

Mo
Si

Example of multilayer coated 
(illumination) optics.

50 bilayer Mo/Si based 
multilayer

• Mo/Si multilayered structure usually have a period of ~7 nm

Interdiffusion at elevated temperature [1]
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• Due to diffusion, MoSi2 is formed at the interfaces between Mo and Si

• Reduction in period and reflection

• At 325 C the MoSi2 layer crystallizes, followed by complete intermixing

Diffusion monitoring with picometer 
accuracy [2]
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Mo/Si Multilayer

• The period change can be determined during annealing with an in situ 
x-ray diffraction system

• Picometer precision for accurate determination of lifetime is obtained

• Mo/Si multilayered structures are studied as a model system
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• After an initial phase (first hours) the diffusion follows the quadratic 
interface growth law 

• The diffusion coefficients scale with temperature according to Arrhenius 
law

• Correcting for the initial phase, the model predicts optics thermal lifetime 
for different temperatures

tD ⋅= *2)(interface

Examples of more thermally stable structures

• Examples of modified compositions

• Model is generally applicable to 
multilayered structures with a 
barrier layer or replacement of one 
of the layers by a thermally more 
stable compound
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Thermal stability and lifetime scaling of multilayer EUVL optics

Comparison of reflectivity
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• Reflection improved by 4% from Advanced Development Tool (ADT) 
to Pre-Production Tool (PPT)

• Enabling ~50% gain in throughput

Pre production tool coatings

°C
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Application: illuminator coatings
Mo/Si multilayer Thermally improved multilayer  for PPT

• Standard Mo/Si multilayer coating does not meet multilayer period 
budget

• Thermally improved systems shows no changes in wavelength within 
1300h

• Extrapolation of these data: thermally improved system meets budget 
for 30,000 h
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D* = Diffusion coefficient

Arrhenius plot

Typical budget
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