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INTRODUCTION

 Temperature gradient between the pellicle and particle adder during exposure process was determined 

by heat capacity of the particle adder

 Thermo-mechanical property of contaminated pellicles depending on particle species was confirmed

 The thermal durability of pellicle was deteriorated by Fe particle adders

 Thermal stress analysis due to temperature gradient between the pellicle and the particle adder will be 

further performed

<Contaminants in EUV scanner system>

 EUV pellicle fabrication and contamination

RESULTS & DISCUSSION – Finite element method simulation

EXPERIMENT

RESULTS & DISCUSSION – Heat load test results

CONCLUSION
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 Durability and reliability of EUV pellicle for EUVL HVM application

 Since cooling mechanism through heat conduction and convection is extremely limited, thermal 

properties of EUV pellicle has been a main issue with regard to a durability and reliability

 Localized heating of EUV pellicle w/ a microparticle can be occurred due to near-unity absorbance of 

the microparticle

 EUV pellicle should not be destroyed even after exposure to the contaminant, but there has been no 

report on the durability and reliability of the pellicle after contamination
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<Overview and schematic of heat load test equipment with 355 nm UV laser>

 Evaluating properties of contaminated EUV pellicle

 Heat load of pellicle in EUV scanner can be emulated by UV laser considering absorbance of membrane, 

high vacuum chamber and rotating slit

 Thermo-mechanical characteristics of pellicle were evaluated by heat load test equipment with 1:9 on/off 

ratio using 355 nm UV laser

<Heat load test condition>
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I : absorbed heat load @ pellicle [W/cm2]

P : source power [W], D : beam size [cm2]

A : absorbance of pellicle membrane

Rotating direction

 Deposition of Ru as thermal emission layer

 SiNx based pellicle composite was selected to evaluate effect of particle adders on pellicle during

heat load test

 Particles were dispersed in IPA, and transferred to the EUV pellicle surface through spin coating

 3 types of particles that mainly appear during EUV scanner system were used for contamination

 Carbon, Ti, and Fe sphere particles (Average diameter ~ 10 μm)
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• Low pressure chemical 

vapor deposition (LPCVD)

• Reactive ion etching

• Sputtering – Ru • KOH wet etching

• Rinsing (DI water + IPA)

• Spin coating

– particle transfer 

<EUV pellicle requirement>

 Pellicle contamination

<Optical microscopy result of contaminated pellicle >

 Heat load test results depending on particle species
Ru layer was deposited by DC/RF magnetron sputter under 100 W power, <10-6 torr vacuum condition

Thickness and composition of Ru layer were investigated by TEM and EDAX

 Continuous thin film was formed when Ru thickness ≥ 4 nm

<Verifying thickness and composition of Ru layer by TEM and EDAX >

Pyrometer detection limit

 The distribution of adders was observed by optical microscopy and occupied area of particle was 

investigated as 1.8% (C), 5.7% (Fe), 5.69% (Ti), respectively.

 In terms of adder size, C and Fe are similar size to 35 microns or less, but Ti was more aggregated so 

that particles having a maximum diameter of 65 microns were formed 

 Since the total heat capacity of the contaminated pellicle is small at the same area, temperature of the 

contaminated pellicles was measured lower

 Fe contaminated pellicle was destroyed at 2363 cycles, and the other pellicles were alive over 10,000 

cycles at absorbed heat load of 1 W/cm2

 Fe particles have the worst effect on the thermo-mechanical properties of the pellicle considering 

temperature gradient at the simulation results 

Fe sample destruction(2363 cycle)

<Heat load test results of contaminated pellicle depending on (right) cycle number (left) and absorbed heat load>

 Simulation condition

 Heating/cooling rate was determined by heat capacity of the particle – density, specific heat, particle size

 Thermal durability of EUV pellicle with larger particle could be deteriorated due to additional thermal 

stress by temperature gradient between the pellicle and particles during heating/cooling process

 Peak temperature of particles depending on cycle number remained constant

<Peak temperature of Fe particle w/ 30μm size><Temperature distribution depending on particle size>

 Material properties of pellicle and particle species

* Fe, 250W EUV source power

<Temperature distribution depending on particle species>

 Heat transfer simulation for the pellicle composite 

w/ single microparticle was performed based on 

heat load by EUV source power

• 10 μm particle size, 
250W EUV source power

• Fe particle, 
250W EUV source power


