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PEM for Patterned mask Inspection (PI)

PEM: Projection Electron Microscope
SEM: Scanning Electron Microscope TDI sensor

. -7 EUV mask
SEM schematic view PEM schematic view

PEM probes sample mask with areal illumination
» Inspection throughput is drastically improved
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Current status of our developed tool
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Several types of EUV mask structure proposed

High NA (TOSHIBA, DNP, Hanyang U)
Takai et al. Proc. SPIE 8880, 88802M (2013).

ML etched MASK

Ru cap

LTEM sub

Inspection tools will be required to have high versatility.

Ru cap
B,C buffer

High durability for cleaning (SEMATECH, Samsung)

l. Y. Jang et al. Proc. SPIE 9256, 925601 (2014).
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Outline

e Simulated inspection results
— EUV mask with B,C capped ML
— EUV mask with B,C buffered Ru capped ML
— Etched ML EUV Mask
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B,C capped ML sample

Top view of sample for simulation ~ Simulated PEM image

hp 64 nm I
line and space

pattern L. |
32 nmyB64 n

Extrusion defect

With defects Reference

= (Y o o ([+)® & O = o (] ° o B2

50 eV 250 eV 500 eV 1 KeV 3 keV

Difference image
Defect signal intensity

Defect detection : =100

Back ground noise

S. lida et al. BACUS 2014
VL symposium 2014 8




B,C capped ML sample

Intrusion defect
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Defect signal intensity for B,C sample
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Proposed EUV mask structure

LTEM sub LTEM sub

Inspection tools will be required to have high versatility.
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B,C buffered Ru capped ML
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SEECs of B,C buffered Ru capped ML are lower than those of Ru due to thinner

nd underlylng low SEEC materials. As a result, the detectability increases.
S. lida et al. BACUS 2014
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Proposed EUV mask structure

ML etched MAS

Ru cap

[

LTEM sub

LTEM sub

M

Inspection tools will be required to have high versatility.
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Etched ML mask (for high NA)

Aspect ratio = height/space
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Aspect ratio =7.0

High aspect ratio — advantage for high image contrast
(low signal intensity from the bottom of the space)

Difference image
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Proposed EUV mask structure

ML etched MASK
Ru cap
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Summary and conclusions

* Impact of EUV mask structure on defect detectability of
Patterned mask Inspection using PEM was investigated

* Simulation results were in good agreement with the tool
performance in case of Ru capped ML mask

* 16 nm defect found to be detected more than 10 ¢ on
EUV mask with Ru and B,C capping layer, B,C buffered Ru
capping layer, and Etched ML Mask

e SEEC (secondary electron emission coefficient) was found
to be strong tool to optimize the inspection condition.

e Simulation results show the high versatility of PEM
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