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EUV CCD Camera

Fig. 1 (Color online) Schematic view of CSM with the bending
synchrotron light (NewSUBARU BL-3).
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Fig. 2 (Color online) Diffraction image from EUV mask pattern of
(a) cross line pattern, (b) 128 nm L/S pattern. Numerical
aperture of the CSM was 0.14. The intensity is shown in
logarithm scale.
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Fig. 3 (Color online) Reconstructed image of the mask patterns
shown in intensity contrast (left images), and phase contrast
(right images) . The scale bar shows 2 um. (a) the Cross pat-
tern, (b) 128 nm L/S pattern, and (c) a programmed phase
defects with 1 um square size.
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Fig. 4 (Color online) Schematic layout of a CSM system with high-
harmonic-generation EUV source.
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Fig. 5 (Color online) Reconstructed images of a cross pattern with
the standalone system.
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Fig. 6 (Color online) Schematic layout of micro-CSM, which has
FZP for focusing optics.
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Fig. 7 (Color online) Diffraction images by micro-CSM, which
captured on (a) no-defect region, and (b) a programmed
defect (W 60 nm, H 1 nm).
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Fig. 8 (Color online) Reconstructed images by micro-CSM. AFM
defect size were (a) 70 X34 nm2, H 2.1 nm (b) 33 X 28 nm?,
H 1.7 nm.
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Development of EUV microscopes for EUV mask
evaluation

Tetsuo HARADA University of Hyogo, LASTI, Center for EUV Lithography
NewSUBARU, 1-1-2, Kouto, Kamigori, Ako-gun, Hyogo, 678-1205, Japan

Takeo WATANABE University of Hyogo, LASTI, Center for EUV Lithography
NewSUBARU, 1-1-2, Kouto, Kamigori, Ako-gun, Hyogo, 678-1205, Japan

Abstract These days, there is great progress in extreme ultraviolet (EUV) lithography especially in the EUV
source power. EUV lithography will therefore apply for high volume manufacturing of semicon-
ductor devices in 2018. Working wavelength of EUV lithography is 13.5 nm. A EUV photomask is
reflection type, which is coated with the Mo/Si multilayer. Reflection phase are modulated by ab-
sorber material, absorber structure, and bump/pit structure on glass substrate. Thus, at-
wavelength observation by inspection tool or microscopes is necessary for EUV lithography. We
review these inspection tools and microscopes, and introduce our microscope for EUV phase ob-
servation that is based on ptychography. EUV phase control will be a key technology to enhance
the spatial resolution of EUV lithography. In this paper, CSM observation results of the EUV phase
images of mask patterns and tiny phase defects are shown.
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