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1. Introduction1. Introduction

Light scattering for 13 nm wavelength are mostly attributed to the 
top surface roughness as well as the side wall roughness of the 
absorber and buffer or the etched wall of the mask for EUVL

A bumpy side wall of an absorber and buffer that causes random 
scattering for the incident field, the scattered light will interfere with 
the light reflected from the reflective multilayer in the near field 

A random surface height variation (described by power spectral 
density) for the rough surfaces of EUVL is to be redefined to 
calculate the field in the image plane

Multiple scattering on the three-dimensional rough surface should 
be derived and adopted for the dense pattern



2. Theory2. Theory
Definition of Surface height variationDefinition of Surface height variation
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Multiple scattering for dense patternMultiple scattering for dense pattern

Third-order scatteringSecond-order scattering
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This is the mechanism by which energy is not transferred directly from the 
incident wave into the scattered wave may become ‘trapped’ within the well
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Figure 1.Geometry of the rough surface and scatteringFigure 1.Geometry of the rough surface and scattering
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3. Mathematical description for the problem3. Mathematical description for the problem
From Huygen’s principle, the single scattered field from rough surface is
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Figure 2.Geometry of the normal vector of the rough surfaceFigure 2.Geometry of the normal vector of the rough surface
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From the Kirchhoff approximation, the fields at any points on the surface are approximated 
by the fields present on the local tangent plane at that point
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In the far field approximation , eq.(9) , the dyadic Green’s function becomes
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Diagonalization of the eigen value in equation (10)

In the high-frequency limit, the scattered power is principally contributed by the 
specular stationary phase points. At the stationary point, the normal vector is
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First-order (single) scattered field
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At a fixed normal vector, the rebounced ray        is determined by           

then          is determined afterwards  
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The general formula of nThe general formula of n--thth scattered electric field and its dyadic Greenscattered electric field and its dyadic Green’’s function s function 
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The multiple scattering field taken all of high-order scatterings in written as
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4. Simulation result4. Simulation result
Incidence Incidence 

angleangle
WavelengthWavelength Absorber & buffer Absorber & buffer 

heightheight
Absorber & Absorber & 

buffer buffer 
Pattern typePattern type

66°° 13.5 nm13.5 nm 150 nm150 nm Cr and SiOCr and SiO22 30 nm isolate line30 nm isolate line

1 µm
Near-field phase variation on x-z plane

(a) Flat surface

(b) Rough surface

Figure 4. SecondFigure 4. Second--order scattering scheme order scattering scheme 
and resultsand results
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Pattern typePattern type

66°° 13.5 nm13.5 nm 150 nm150 nm Cr and SiOCr and SiO22 1:1 30 nm dense line & space1:1 30 nm dense line & space

Near-field phase variation on x-z plane

1 µm

(a) Flat surface

(b) Rough surface

Figure 5. ThirdFigure 5. Third--order scattering scheme order scattering scheme 
and resultsand results



4. Conclusions and Discussions4. Conclusions and Discussions

1. Scattering, not only on the rough multi-layer’s surface but also on the rough absorber and 
buffer side wall, should be considered to clarify E-field phase variation in the far field

2. From the Huygen’s principle, scattered field is explicitly derived by using the dyadic 
Green’s function for generality with appropriate approximations

• Height function, O(y,z), of the rough side wall, causing multiple scattering, is 
converted into x-y plane rough surface  

• Kirchhoff theory is effective for approximating the field on the rough surface

• Observation is in the far field of the surface

• The incident wave is planar and monochromatic

• No point on the rough surface has infinite gradient

3. A general formula for the n-th scattered electric field is analogous to Feynmann’s
approach to scattering

4. There are significant near-field variations in phase and amplitude for the rough surface 
compared to the flat mirror structure in

5. Unfortunately, more detailed simulation results from various points of view are not 
available at the moment, it is expected in the near future
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