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Introduction

+ Stringent
for the multayer and stack.

placed on EUV masks

+ Modeling of multiayer interface roughness / intermixing zones was
and data.

+ Growth of oxide on Si capping layers was monitored experimentally, and
stoichiometrc SIO, formation models were put forward.

+ Simulations were benchmarked via refiectometry and elipsometry.
‘experiments (measurement of oxide thickness).

+ Multlayers were more accurately optimized for high  reflectance, and
relectivity variations within angle of incidence ranges were caculated,
cormesponding to exposure tool ilumination numerical apertures (NA).

+ Phase shift mask feasibilty was assessed via modeling for various mask
architectures,

Influence of Oxidization of the Si Capping Layer

Influence of ML Interface Roughness

Interface roughness modeled as one-sided
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ML Interface Roughness Modeling Options
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Interface roughness has a large influence on reflectvy.

Si Oxide Growth Models

Predicted Layer Thicknesses vs. Process Step

Tool-Optimized Masks — No Interface Roughness

(@0 biayers, 11 nm S)
‘Angle of ncidence 5 3s 6
Centroid Wavelength | 1336 rm | 1345om | 1350nm
Poak Wavelength | _13.42rm | 13520m | 1356nm
Contoid Reflectance | 7155% | 7ise% | 7La9w
Poak Reflectance | _7207% | 7218% | 7192%
MofSi Mothickness | 2783nm | 2siiom | 2sanm
MofSiSithickness | 4129rm | a120m | aissom
WM 0s37rm | Ossenm | 0ssinm

Reflectivity at Week 1

Tool-Optimized Masks — with Interface Roughness
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‘Angle of Incidence 5 3s 3
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Simulations resuls agree with experimental data,

Reflectivity at Week 3
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