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Background

EUV reticles (a.k.a. masks) are crucial for EUV lithography.
They contain reflective and absorbing areas that define the pattern
that is imaged on the photoresist on the wafer.

Performance of reticles reduces via several degradation mechanisms:

Oxidation
Intermixing/diffusion
Delamination (blistering)

Contamination
L, XPS very suitable for analysis, but

« Siis present as contamination and in the stack

* Reference samples not available
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Goal and Approach

Goal:
« Improve Si quantification without reference samples

Approach: . o
« Contaminated model samples (Ru) and reticles with Si 5"dep‘;2’£zg i
« Tested Ion Scattering Spectroscopy, AR-XPS+HAXPES, mild Ar*
sputtering
Si coating Ru-coated
Patterned absorber quartz plates

Ru capping layer

~

Si source
> Mao/Si multilayer

Quartz plate | Diced reticle
Glass substrate pieces
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Approach 1: AR-XPS
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Approach 1: AR-XPS
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Approach 1: AR-XPS
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Approach 1: AR-XPS
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Approach 1: AR-XPS
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Approach 1: AR-XPS

AR-data (Si-on-ML-pad)
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0 0.58 0.42
30 0.60 0.40
45 0.64 0.36
60 0.75 0.25
70 0.83 0.17
75 0.88 0.12
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Approach 1: AR-XPS

AR-data (Si-on-ML-pad)
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deont d.
MO Si ox sub O SInon-ox, sub  Faup@) = €xp (‘ m> - exp <_Tca(?56>
d
F F — _ cont
cap(e) + sub(0) exp < )\cont cos O
dCO?lt
RU + O & Fcap(e) = exp (_xmm cos 6) - Fsub(e)
dcont — — cont . — dcag
@ Fcap(e) = €Xp (_ Aoont COS 9) €xp ( Aone COS 9) €xp ( Arqp €OS 9)
dcont — d cap
A Fcap(e) R (_ Azone COS 9) (1 €Xp ( Acqp COS 9))
S OX cont+ O Slnon-ox, cont Feonr® =1 Fcap(e) — Faup®)
Measured Fractions Fitted Fractions
6c) F contamination+F substrate F cap F contamination F cap F. substrate
0 0.58 0.42 0.48 0.42 0.09
30 0.60 0.40 0.53 0.40 0.07
45 0.64 0.36 0.61 0.36 0.04
60 0.75 0.25 0.73 0.26 0.01
70 0.83 0.17 0.86 0.14 0.00
75 0.88 0.12 0.92 0.08 0.00
Obtained thicknesses
dcontamination dcap
2.0 nm 2.4 nm
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Approach 2: sputter depth profiling

ML-pad depth profiling after Si-deposition
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pproach 2: sputter de rofilin e
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Conclusions and Outlook

Conclusions

«  With XPS, it is possible to discriminate between the

contamination-layer and the sub-surface layer, even when it

consists of the same elements

« Both AR-XPS and XPS-depth profiling with surface

reconstruction are suitable method and yield the same result.

Outlook

»  Apply both methods to a Si-contaminated patterned reticle
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Thank you for your attention

Come visit our poster!
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