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Device manufacturer and material supplier

-Samsung : DRAM, Logic, High-end Foundry
-SK hynix: DRAM

-Kumho Petrochemical: Photoresist

Academia and Research Institute
-Hanyang Univ.: EUV mask, Mask Cleaning, EUV Microscope, EUV pellicles*

* National Nanofab Facility will join the EUV pellicle program

Tool /component maker
-FST and Auros technology are developing EUV sources for inspection and pellicles

in collaboration with customers and academia
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SK hynix (EUV mask particle adders during scanner
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When the scanner power source power is relatively low or higher

- than 300W using pellicle will be more economical in EUVL. When
Particle adder map of PrPi (imaged particle per reticle pass) source power is between 100W and 300W, the boundary of pellicle
tests with wafer SEM images and pellicle-less EUVL will be 1adder/day.
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Placement Variation
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Three kinds of stochastic events in the lithography process
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SK hynix (Study of stochastic noise)
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Comparison between experimental LCDU and model prediction

Matching looks good especially in ‘with pitch reduction’ case
due to the placement variation effect
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Dry development rinse process (DDRP) was introduced from

Nissan Chemicals.
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Improvement of process margin and LCDU by optimization of DDRP
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Pillars patterning performance improved by NTD resist and DDRP

It is necessary to study further on the high sensitive NTD resist to
reduce the DtS and optimize the DDRP and DDRM for better

isolated patterning
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Samsung Summary

@ Actinic inspection

» EUV Mask Defect Review System (EMDRS) developed for mask inspection and compensation
repair (using Zone plate for precise focus and accurate inspection)

» Collaborated with Hanyang Univ. for EUV Coherent Scattering Microscopy (CSM)

@ EUV pellicle
» Si based material and structure is on research for high transmittance (>90%) EUV pellicle
» Studying of thermal stability of EUV pellicle

- pSi pellicle membrane may not stable above 200W of EUV source power
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Photoresist
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Schematic image of photoresist and underlayer
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Smaller refractive index of the UL increases the number of
absorbed photons in PR, resulting in LER decrease due to
mitigation of photon shot noise effect
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Hanyang University (EUV Underlayer)
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Serious standing wave effect with low refractive index of UL,
and this effect varies with pattern pitch ratio (below)
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Difference in line CD between the underexposed area and
overexposed area at the light intensity in resist image
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3 Hanyang University (Fabrication of EUV pellicle)

@ Diversification of pellicle membrane structure
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40mm X 40mm pellicle process stabilized
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Hanyang University (Optical effect of EUV pellicle)
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3 Hanyang University (Graphene composite pellicle)
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According to simulation and experiment, graphene absorbs ~0.2%

of EUV per layer. (10 layers graphene transmittance ~ 98%) Uniformity of a-Si(43nm)/graphene 10 layers/a-Si(43nm)
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Hanyang University (OoB reduction with EUV pellic %‘
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u New Project (Submitted)

Target

- Providing platform technologies for EUV pellicle development / \\
Project team |

- Project leader: Hanyang Univ.

- National Nano Fab Center, KAIST, SKKU, CPRI
Scope of research

- Full-scale membrane process

- EUV pellicle evaluation technologies

- New pellicle materials for high-power EUV source

Collaborations are welcomed !!
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