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(a) Binary mask (b) Attenuated PSM

Configurations of mask structure

Optical conditions

Simulation conditions

Thin configuration Thick configuration
Upper layer Ta 34 nm Ta 78 nm TaN 29 nm
Bottom layer Cr 30 nm  Cr 30 nm Ru 16 nm
Reflectance at 6° 0.37% 0.11% 7.05%

(Att. Ref. 9.6%)

Binary masks Att-PSM
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Model pattern for mask pattern correction
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Flow chart of mask pattern correction 

Calculate edge position shift, ∆Pn, at evaluation 
points from ∆Pn=M×{|P0-Pn|/MEEF}.

Correct mask pattern at evaluation points.

Start

Produce three aerial images for mask 
pattern biases of 0 nm, +4 nm, and -4nm to 
estimate shift in pattern position and MEEF.

Is ∆Pn less than 
correction grid 
size for all n? 

End
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NO
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(a)  Binary mask
      Ta 34nm/Cr 30nm
      NA: 0.25, σ: 0.80

(b)  Binary mask
      Ta 78nm/Cr 30nm
      NA: 0.25, σ: 0.80

(c)  Att-PSM
      TaN 29nm/Ru 16nm
      NA: 0.25, σ: 0.75/0.37

Corrected mask pattern for normal incidence 

Equivalent OPCed masks are provided at k1=0.41 for binary masks
and att-PSM, when normal incidence is assumed.
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(a)  Binary mask
      Ta 34nm/Cr 30nm
      NA: 0.25, σ: 0.80

(b)  Binary mask
      Ta 78nm/Cr 30nm
      NA: 0.25, σ: 0.80

(c)  Att-PSM
      TaN 29nm/Ru 16nm
      NA: 0.25, σ: 0.75/0.37

The widths of line patterns are smaller for off-axis incidence than for
normal incidence as a result of compensation for the energy loss.
Equivalent mask pattern correction are also provided for off-axis
incidence.

Corrected mask pattern for off-axis incidence 
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(a)  Binary mask
      Ta 34nm/Cr 30nm
      NA: 0.25, σ: 0.80

(b)  Binary mask
      Ta 78nm/Cr 30nm
      NA: 0.25, σ: 0.80

(c)  Att-PSM
      TaN 29nm/Ru 16nm
      NA: 0.25, σ: 0.75/0.37

Mask pattern correction provides feasible pattern fidelity for
binary masks and att-PSM.

Aerial image by corrected masks for off-axis 
incident light



9

EUVL

Asymmetry in mask pattern correction for binary and attenuated phase shift masks by off-axis incident light

CD error after mask pattern correction
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Equivalent CD error are provided for binary masks and att-PSMs.
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Asymmetry of mask pattern position 
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designed mask feature.

Equivalent asymmetries are provided for binary masks and att-PSMs.
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(a)  Binary mask
      Ta 34nm/Cr 30nm
      NA: 0.25, σ: 0.80

(b)  Binary mask
      Ta 78nm/Cr 30nm
      NA: 0.25, σ: 0.80

(c)  Att-PSM
      TaN 29nm/Ru 16nm
      NA: 0.25, σ: 0.75/0.37

 Asymmetry in the MEEF depends on the thicknesses for
    binary masks.

 Att-PSM provides symmetry of MEEF and smaller MEEF
    than binary masks.

Asymmetry of MEEF 
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(a)  Binary mask
      Ta 34nm/Cr 30nm
      NA: 0.25, σ: 0.80

(b)  Binary mask
      Ta 78nm/Cr 30nm
      NA: 0.25, σ: 0.80

(c)  Att-PSM
      TaN 29nm/Ru 16nm
      NA: 0.25, σ: 0.75/0.37

Symmetry NILS is provided for binary masks and att-PSM.

Asymmetry of NILS
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(a)  Binary mask
      Ta 34 nm/Cr 30 nm
      NA: 0.25, σ: 0.80

(b)  Binary mask
      Ta 78 nm/Cr 30 nm
      NA: 0.25, σ: 0.80

(c)  Att-PSM
      TaN 29 nm/Ru 16 nm
      NA: 0.25, σ: 0.75/0.37

DOF by NILS for Ta 34 nm/Cr 30 nm is slightly larger than that for
Ta 78 nm/Cr 30nm in binary masks.
DOF by NILS for isolated feature is increased by att-PSM.
Common DOF between iso-dense features is enlarged by att-PSM.
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NILS-focus curves
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NILS  increases for isolated and dense features, when att-PSM is
used.

(a)  Binary mask
      Ta 34nm/Cr 30nm
      NA: 0.25, σ: 0.80

(b)  Binary mask
      Ta 78nm/Cr 30nm
      NA: 0.25, σ: 0.80

(c)  Att-PSM
      TaN 29nm/Ru 16nm
      NA: 0.25, σ: 0.75/0.37
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Conclusions

A feasible pattern fidelity was achieved after mask pattern
correction for a 22-nm-wide model pattern.

Mask pattern feature after correction was equivalent between
       binary and attenuated phase shift masks.

Symmetry in the MEEF for left and right pattern edges was
provided by the thin configuration of Ta 34 nm/Cr 30 nm

       and att-PSM of TaN 29 nm/Ru 16 nm.

Symmetry of NILS was provided for binary masks and att–PSM
at NA 0.25.

Att-PSM increased DOF of isolated features in the model pattern
       and provided larger NILS than binary masks.
       Att-PSM is an effective candidate for 22-nm-wide patterns.
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