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ABSTRACT

In order to apply sub-resolution assist feature (SRAF) in extreme ultraviolet lithography, the maximum non-

printing SRAF width and lithography process margin needs to be improved. Through simulation, we confirmed that

the maximum SRAF width of 6% attenuated phase shift mask (PSM) is large compared to conventional binary

intensity mask. The increase in SRAF width is due to dark region’s reflectivity of PSM which consequently improves

the process window. Furthermore, the critical dimension error caused by variation of SRAF width and center position

is reduced by lower change in diffraction amplitude. Therefore, we speculate that the margin of SRAF application

will be improved by using PSM.
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Fig. 1. Schematic images of 6% attenuated PSM with SRAF.
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Table 1. SRAF space for BIM and 6% attenuated PSM

depending on SRAF width.
SRAF width SRAF space for ~ SRAF space for
(nm) BIM (nm) PSM (nm)

4 44 25
10 48 42
16 48 47
22 50 48
28 N/A 48
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Table 2. Normalized image log slope (NILS) of aerial image
depending on SRAF width by using BIM and 6%

attenuated PSM.
SRAF width (nm) NILS of BIM NILS of PSM
4 2.08 2.50
10 1.90 2.26
16 1.84 2.18
22 1.83 2.15
28 N/A 2.15
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Fig. 2. Aerial image depending on SRAF width: (a) BIM
and (b) PSM (Arrow shows the variation of relative
minimum intensity in SRAF region for -55~55 nm

defocus).
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Fig. 4. Printed CD variation depending on (a) SRAF width
variation and (b) center position variation of SRAF.
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