Poster: Mask No.22

Visible Light Inspection of Mo/Si
Multilayer Mask Blanks

ASET
EUV Process Technology Research Laboratory

Takeo Hashimoto, Hiromasa Yamanashi,
Shinji Miyagaki, and Iwao Nishiyama

YV SET —

30 September/2 October 2nd EUVL Symposium EUV Process Technology



Abstract

Mask blank inspection is one of the critical issues of EUV lithography.
Visible light inspection has the advantages of high throughput and low tool
cost, though actinic inspection will have high inspection capability.

Hamamatsu Photonics Super Fine Particle Detection System that adopted
adark field scattering optics has high detection sensitivity and throughput.
It could detect PSL (Polystyrene Latex) spheres below 50nm diameterson S
substrates. Then, we tried to detect fine PSL spheres on Mo/Si multilayer
mask blanks.

60nm PSL spheres on Mo/Si multilayer could be inspected successfully.
However, it was difficult to detect PSL spheres whose diameters were less
than 50nm, because of the noise caused by the surface roughness of Mo/Si
multilayer.

We found that it was important to reduce surface roughness of multilayer
In order to improve inspection capability of visible light inspection systems.
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Background (1)

e Mask blank defects are one of critical issues of EUVL.
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Background (2)

SEMI P38 — 1102

Amplitude defect  yogo ¢ Requirements for Multilayer Stack
Phase defect PSL Class | PSL equivalent | Maximum defect
l \ g range (nm) count
v e A 25 0
< N B 30 0
) 4 C 40 0
D 60 Agreed upon between|

user and supplier

Schematic of multilayer defects
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Visible Light Inspection Tool (1)
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Visible Light Inspection Tool (2)
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Mo/Si Multilayer Sputtering
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Evaluation Flowchart
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Results Inspection of PSL on Si

Inspection result of 70nm PSI.  Inspection result of 60nm PSL

Inspection conditions; Inspection conditions;
Laser power 3.5W Laser power 7.0W
Transmittance 98% Transmittance 98%
Exposure time 100ms Exposure time 500ms
Threshold 35 Threshold 155
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Inspection of PSL on Si 2

Inspection result of SOnm PSL Inspection result of 41lnm PSL

Inspection conditions; Inspection conditions;
Laser power 7.0W Laser power 7.0W
Transmittance 98% Transmittance 98%
Exposure time 500ms Exposure time 500ms
Threshold 70 Threshold 70
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3.1-2. Inspection of PSL on Mo/Si Multilayer (1)

60nm PSL. on Mo/Si Multilayer

nm Count
42 m A Inspection conditions;
E'i : g Laser power 3.5W
cgm 3297 Transmittance 98%
EE ; 1333 Exposure time 100ms
a7 m 304 Threshold 35
99 m 164
113 ® i
128 ® 58
L3 >126@ 355
Wafer Total 6487 Wt Avg = 56.06H
Defection reproducibility
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3 1-2. Inspection of PSL on Mo/Si Multilayer (2)

SOnm PSL on Multilayer 41nm PSL on Multilayer

Inspection conditions; Petection reproducibility Inspection conditions;
Laser power 3.5W 61% Laser power 7.0W
Transmittance 98% Transmittance 98%
Exposure time 100ms Exposure time 500ms
Threshold 35 Threshold ’Z(éf'

SET —

30 September/2 October 2nd EUVL Symposium EUV Process Technology



AFM Measurement

Roughness analysis

Si substrate Mo/Si multilayer
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AFM Measurement

Power Spectral Density
2D Isotropic PSD
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Effect of Surface Roughness on PSL Inspection

e PSL detection sensitivity with dark field scattering system

Si 41nmPSL 0.103nm RMS

Mo/Si multilayer 60 S0nmPSL 0.183nm RMS

e SEMI P37-1102 Specification for EUVL Mask Substrates

Front side surface roughness from EUV Reflectivity view point

0.15nm RMS (@A spatial 104 m)

The surface roughness less than 0.15nm RMS is required in order to detect 25nm
PSL spheres with dark field scattering detection systems.
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Conclusions

PSL detection sensitivity with the dark field scattering
system was 60-50nm on Mo/Si multilayer mask blanks.

The detection sensitiviy is determined mainly by surface
roughness of Mo/Si multilayer.

The improvement of surface roughness is required in
order to raise the detection sensitivity.
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