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Background (1) -Critical issuesfor EUVL-

Critical issuesfor EUVL

1. Sour ce power and lifetime including
condenser opticslifetime Defect mitigation

2. Availability of defect i i
free masks Patterning
3. Reticle protection during storage, a s ¥

handling, and use _
o _ o _ Repair | nspection
4. Projection and illumination optics <—p

lifetime and contamination
5. Resist resolution, sensitivity, and LWR Mo/Si Multilayer Mask Blanks
6. Optics quality for 32nm node
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Background Defect mitigation

Recent progress for defect mitigation
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Blanksrepair methods
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Simulation method

Simulator: EM-Suite Multilayer
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Amplitude defect repair

Scooped with FIB, EB and RAVE
Defect 50nme@ , Mo

Aerial Image after scooping repair

Crater depth dependency
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Amplitude defect repair

The effect of capping layer formation on a crater

A. Barty et al. (SPIE 2002)
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Phase defect repair by EB exposure

EB l No smoothing effect
\ 4 V*
e Initial d :6.95nm £, contraction

Defect S9ze h=10nm, w=40nm

e S S —— 1.2
= defect :
—F—fFy——————— 1
i h
LW —#—6.95nm
<> substrate S 0.8 6.92nm
N —e—6.89nm
206 ——6.855nm
e 6.83nm
v € 04 6.80nm
---- P - —*—6.77nm
' 6.74nm ||
0.2 —=—6.71nm
——6.68nm
_— = 0 ‘ ‘
= 0 0.05 0.1 0.15 0.2 0.25 0.3
= defect = Position (u m)
- F— h
Pwi A | min. isrecovered by d-spacing contraction due to EB exposure.
P substrate )
‘=] kld W
FSET —

November 2-4/ 2004 3rd International EUVL Symposium EUV Process Technology



Phase defect repair by EB exposure
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eflectivit

Phase defect repair method taking account of
d-spacing reduction
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Phase defect repair method taking account of
d-spacing reduction

Defect on substrate (at the bottom of multilayer)
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Effect of EB repair for defectsin multilayer

Defect size h=10nm, w=40nm

Aerial image for optimized contraction
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Defect covering by absorber pattern
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Defect covering by absorber pattern
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Conclusions

3 kinds of defect repair methods for multilayer mask blank
wer e evaluated through aerial image ssimulations. It was
confirmed that they wer e effective for amplitude and phase

defect repair.

|f defect density of mask blank iscloseto thetarget valuein
future, the defect covering by absorber pattern will be
especially effective.

Defect repair will be a useful countermeasure for EUVL
mask blank defect issues.
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