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Pellicle is a dust cover preventing particles and contaminates from falling on the mask.



Atomically-smooth, uniform silicon-rich LPCVD SiNx

Stress controlled by Si:N ratio (tensile to compressive with increasing Si)
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43 nm SiNx 79.7 %

28 nm SiNx 85.7%

16 nm SiNx 91.1 %

SiNx can be thinned with HF solution

Surface roughness is not much degraded

However, SiNx membrane shatters 

when broken due to brittleness !
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Hall-Petch Relation

Materials with smaller grains

shows higher yield strength

Multilayer is stronger than bulk

material due to interface

At h =2–5 nm, experimental data 

exhibit maximum hardness.

Fracture strength of brittle material is always lower 

than theoretical strength (crack propagation: Griffth)

Crack propagation depends the sample

thickness (the thinner the tougher).

Critical thickness below which the fracture 

strength of cracked material is identical to

that of perfect material.

For SiNx case, h* ~ 40nm
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Strain

  : 43.16 MPa(#1)

51.51 MPa(#2)

E/(1-  )=220.3 GPa

E/(1-  )=240.1 GPa

Bulge TestNano Indentation Tensile Test (in-situ SEM)



Graphene layer

SiNx or Si layer

Strengthening effect by Graphene 

EUV absorbance of graphene ~ 0.2%/monolayer (vs. ~3% @ visible wavelength)

High possibility of composite structure with reinforcing effect of graphene

But PMMA, the material used for graphene transfer, leaves residue.



Graphite-like film (1 - 3nm)

SiNx layer

Concept

Nano-scale graphite film can be directly deposited on any substrate. 

This composite structure shows >3X fracture strength.

Optimization will result in more improved mechanical property.

Film composition: almost carbon

Bulge test



Emission is the only cooling mechanism of EUV pellicle 

(no conduction/ no convection)

Thin metallic coating (~nm) enhances emission

High emissivity material shows low peak temperature

Note: with bulk emissivity (not thin film emissivity)

with same thickness (not same transmittance)
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Emissivity depends on the thickness !!



Single film thermal stress equation 

(for edge clamped case)

σ =
1

2
· E · α · ΔT
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Ru coating enhances emission and decreases thermal stress

Emission layer candidates: B4C as well as Ru



Thermal fatigue is an affliction occurring from sudden and repeated variations in the 

temperature of materials. The degree of damage is affected by the magnitude and 

frequency of the temperature swings. Damage comes in the form of cracking usually 

initiated on the surface and propagate through the material unless stopped until 

eventually causing structural failure.



Retrieve phase mask image using HIO algorithm

Field spectrum (CCD) Mask pattern

FFT-1

FFT

Iteration

Aerial image

Illumination
Condition
(NA, σ)



<Reconstructed aerial image>

<Intensity profile of aerial image >

Line CD increased (+20.7%) and NILS decreased (-7.4%) with 78% 

transmittance pellicle by photon absorption

Although CD can be compensated by extending exposure time, high 

transmittance pellicle is desirable considering the throughput

Pellicle uniformity & local contamination control are more important for CDU



Membrane material : SiNx

Membrane thickness : ~40 nm 

EUV transmittance : ~80%

Membrane size : 110 x 148 mm2 (Full-size)



EUV Pellicle SRME

Small area membrane (x 1/19)

No risk of mechanical shock (No movement)

No repeated heating/ cooling (No fatigue)

HYU_Pellicle_Eng_160922.mp4



