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US/SEMATECH EUV Resist UpdateUS/SEMATECH EUV Resist Update

Project Overviews

Lawrence Berkeley National Labs
• In operation until February 2006

Albany MET Resist Test Center
• Open to customers
• Contact Klaus Lowack for scheduling
(klaus.lowack@sematech.org)

University of Wisconsin resist outgassing
• 28 resists tested to date
• Most passed MET specification
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• Variable pupil fill illuminator enables large changes in aerial-image 
quality

• Performance at the 30 nm half-pitch level observed to be poor 
independent of pupil fill

• Resist is playing dominant role in observed through-pitch behavior

Little 
difference 
observed in 
imaging 
performance
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EUV Performance is Currently ResistEUV Performance is Currently Resist--
LimitedLimited

Patrick Naulleau
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Even with best EUV resist, resolution limit Even with best EUV resist, resolution limit 
determined by resist not aerial imagedetermined by resist not aerial image
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Resist courtesy of Greg Wallraff and Carl Larson, IBM

Prolith calculated aerial 
image contrast using 
actual wavefront data

Annular 0.3-0.7

Patrick Naulleau
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LooseLoose--pitch Imaging in KRS with pitch Imaging in KRS with 
Y MonopoleY Monopole

Coded: 27.5 nm 3:1Coded: 27.5 nm 3:1
Printed CD = 28.3Printed CD = 28.3

Coded: 32.5 nm 2:1Coded: 32.5 nm 2:1
printed CD = 27.3printed CD = 27.3

Patrick Naulleau
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Y monopole enables definitive resistY monopole enables definitive resist--
resolution limit testingresolution limit testing
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Summary of topSummary of top--tier chemicallytier chemically--
amplified resist performanceamplified resist performance

ResistResist Speed Speed 
(mJ/cm(mJ/cm22))

Res.* Res.* 
(nm)(nm)

LER LER 
(nm)(nm)

Failure Failure 
MechanismMechanism

Intrinsic Intrinsic 
Bias Bias 
(nm)(nm)

Supplier ASupplier A 1111 3535 4.54.5 Top LossTop Loss 44

Supplier DSupplier D 2121 4545 3.03.0 CollapseCollapse NANA

1919

2121

4646

KRSKRS 32.532.5 3.33.3 Collapse/Collapse/
Top LossTop Loss

1919

MET 1KMET 1K 3535 3.63.6 Top LossTop Loss > 16> 16

Supplier CSupplier C 3535 2.52.5 CollapseCollapse 44

* Resolution defined as smallest observed well* Resolution defined as smallest observed well--defined half pitchdefined half pitch
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Outgassing ResultsOutgassing Results

Most resists meet the requirement.
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Outgassing versus Exposure DoseOutgassing versus Exposure Dose
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0

1E+13

2E+13

3E+13

4E+13

5E+13

6E+13

7E+13

0 2 4 6 8 10 12

Dose (mJ/cm2)

O
ut

ga
ss

in
g 

(m
ol

ec
ul

es
/c

m2 )

Outgassing limit

• Outgassing increases with increasing dose.
• Repeated measurements at 10mJ/cm2

on 3 different days show variation
in outgassing.
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UNCC Resist Outgassing ProductsUNCC Resist Outgassing Products
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• The polymer-bound PAG did not outgas PAG by-products. 
• The adamantyl blocking group rearranges into 2 
outgassing products.
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ConclusionsConclusions

• MET imaging limited by resist 
performance

• Outgassing increases with increasing 
dose for a particular resist.

• Polymer-bound PAGs might provide route 
for lower outgassing resists.

• Low Ea resists outgas more than high Ea
resists.
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Future WorkFuture Work

• Continue to provide more cycles of 
learning for resist suppliers and 
researchers

• Continue to improve outgassing system 
repeatability

• Investigate polymer structure influences 
on outgassing using model polymers

• Improve outgassing methodology so 
outgassing rates can be compared
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