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Should we have EUV pellicle?

EUV pellicle should be very thin due to strong absorption.
Mesh is needed to support thin membrane.

However, mesh blocks EUV, causing less transmittance &
Non-uniform intensity at the patterned mask

EUV shinning can cause thermal problems.

High Power

Eventually, pellicle should give minimum effect to imaging.
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1. Should we have EUV pellicle?




EUV Mask Pellicle

= A viable non-removable mask pellicle may be needed for high-volume

manufacturing EUV Reflective
Mask

7 1IN Pellicle
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Particle

75 nm Si membrane on wire mesh
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Samsung at 2011 EUVL Symposium, Miami

Maior challenges of NXE:3100
Reticle contamination

O Reticle contamination (Front side/ back side)

v Itis important to improve not only molecular contamination, but also system-
induced particles

ictivity

Improvement of reducing system-induced particles is in progress t / variation

Cleanliness management of the system should be confirmed

Clean clamp, pod and reticle are all needed to maintain acceptable defectivity . side/back side contamination
in production

# of added particles [A.U]

Several hundreds of #

X+ 1 defecti/ 20 masksexposure Ht !!!
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2. EUV pellicle should be very thin

due to strong absorption.




EUV Absorption

Si is the only choice!
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Realization of EUV pellicle with single crystal silicon membrane
Shin-Etsu ( EUVL symposiumprague, Czech 2009 )

V Absorption Coefficient : Si << Si3N4
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Suitable Material of EUVL Pellicle

A Thickness : 50 nm
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* International Workshop on EUV and Soft X-ray Sources, 2012, Dublin, LSjmaenok PhysTeXet al.




Requirementof EUVL Pellicle

Si film transmission
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Very thin membrane is needed to get enough light.




3. Meshis needed to support

thin membrane.




Slack!
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Thin membrane alone cannot be free standing !!
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EUVL Pellicle

A EUVL Pellicle : Thin film supported by the mesh structure

Pellicle

Pattern

Mask

Film+ Mesh




Film Deflection

Film
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Film Deflection

Initial length R

Deflection d




Material Properties for Meshes

286.63 Max
254,749
222494
191.049
1569.24
127.34
95.5445
B3.696

. 31.848
0 Min

Si Si3N4 Graphene

Density 2330 kg/m3 3180 kg/m3 2200kg/m3
Xnt mf §r Lnct Kk8Qpa 310Gpa 2.4Tpa
OnhrrnmSr | Q 9.n 0.23 0.163




Mesh Support

x Si Film with Si Mesh (Hexagonal structure)
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Mesh Support

X Film ( 50 nm thickness) with Mesh (Hexagonal structure)
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Mesh Support

X Film ( 50 nm thickness) with Mesh (Hexagonal structure)
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Mesh Support

x Film deflection with Mesh

A Film thickness : 50 nm
A Mesh : 400em pitch, hexagonal structure
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4. However, mesh blocks EUV,

causinglesstransmittance




Pellicle Mesh Structure

A Shin-Etsu Pellicle

High open area Low open area




Pellicle: MesihTransmitiance:(l (pass)s)

A Mesh pitch & line width (mesh + film)
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5. Non-uniform Intensity

at the patterned mask



