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Zernike phase contrast (ZPC)

Markus Benk Yow-Gwo Wang
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See: SPIE Advanced Lithography 2015 See: Talk today, 10:15 am



Through-Focus

Phase Reconstruction*
Modified Gerchberg-Saxton Method

*Mochi, et al. SPIE 79691X (2011). : :
Mochi Wojdyla

200 nm

spApp through-focus, Az =400 nm  complex amplitude, 35° phase bump
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Differential Phase-Contrast Microscopy*

*Mehta, Optics Letters 34 (13), 2009 < Tian, Optics Letters 39 (5), 2014
 Xibin Zhou, Dominic Ashworth, Kevin Cummings, EUVL Symposium 2014



Differential Phase-Contrast Microscopy*

*Mehta, Optics Letters 34 (13), 2009 < Tian, Optics Letters 39 (5), 2014
 Xibin Zhou, Dominic Ashworth, Kevin Cummings, EUVL Symposium 2014
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Coherence affects roughness (speckle)

(animated)




Users’ illumination pupil-fill requests
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Coherence Control: Pupil Fill Patterns



Coherence Control: Pupil Fill Patterns

0.5 4xNA 0.8 0



Coherence Control: Pupil Fill Patterns

0.54xNA 0.2-0.8 0



Coherence Control: Pupil Fill Patterns

0.5 4xNA 100



Coherence Control: Pupil Fill Patterns

0.5 4xNA 1.2 0



Coherence Control: Pupil Fill Patterns

0.6254xNA 100



Coherence Control: Pupil Fill Patterns

0.25 4xNA 100



Coherence Control: Pupil Fill Patterns

0.25 4xNA 0.20



Coherence Control: Pupil Fill Patterns

0.254xXxNA 0.050



Coherence Control: Pupil Fill Patterns

0.54xXxNA 04080



Coherence Control: Pupil Fill Patterns

0.54xNA 0.4-080



Coherence Control: Pupil Fill Patterns

0.54xNA 0.4-080



“From performance validation to volume introduction
of ASML’s NXE platform”
H. Melling, et al., SPIE 8322, 83221G (2012).

NXE:3300B
Hluminator

faceted
pupil mirror

“EUV Lithography Industrialization Progress”

Rudy Peeters, [ASML] (2014-10-27)



Coherence Control: Pupil Fill Patterns

0.5-NA 0.4-0.8-0 8° CRA
45° CROSSPOLE (22.5° arc)



Coherence Control: Pupil Fill Patterns

0.5-NA 0.4-0.8-0 8° CRA
45° CROSSPOLE (22.5° arc)



“Freeform illumination sources. An experimental study

of source-mask optimization for 22 nm SRAM cells.”
J. Bekaert, et al., SPIE 7640, 764008 (2010). [ASML, Zeiss]
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SHARP ( ) Rendered on 0.5 4xNA, 8° CRA
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Off-axis angles complicate EUV lens & ML design
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Anamorphic EUV optics and SHARP
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Anamorphic EUV optics and SHARP
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Emulating anamorphic lenses in SHARP
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Emulating anamorphic lenses in SHARP
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Emulating anamorphic lenses in SHARP
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Measuring Phase

Differential Lenses
Zernike Phase Contrast
Through-focus Phase Reconstruction

Fourier Ptychography Microscopy
Differential Phase Contrast

Stereo lenses, a path to 3D

Source customization for SMO
Binary and Grayscale Sources

Anamorphic lens emulation (future)
SHARP
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