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Motivation: Immersion lithography does not employ controlled drying steps like
other wet processes in the fab, but rather allows residual water to evaporate. This
underlying difference may drive the need for cleaner UPDI to eliminate the
potential for precipitated and “imageable” contaminants
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EEEN

1 ALBI AMDZI1 < ASML

AAicron




11501 -tool UPDI Plant: Produces Water Equivalent to 300mm Fab
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Plant Monitoring: (Dec 2004 — Jul 2005)
Resistivity: >18.22 M -cm
TOC: 0.8 ppb

Particles (> 50 nm): None detected to date

High purity sampling chamber
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11501 -tool Wet Imaging Control Cabinet (WICC)

UPDI-heat exchanger
Dissolved gas remover
N, regasifier

20nm filtered UPDI

3nm filtered extremely clean dry
air (XCDA)
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Test Detalls

Water tests
In-line UPDI plant monitoring: resistivity, Total Oxidizable Carbon (TOC), particles

Off-line sample analysis: various test locations (4) and dates (6)

Bacteria: ASTM method - at least one clean sample for each point tested!

Trace elements (30): Al, Sb, As, Ba, Bi, B, Cd, Ca, Cr, Co, Cu, Ga, Ge, Fe, Pb, Li,
Mg, Mn, Hg, Mo, Ni, K, Ag, Na, Sr, Sn, Ti, W, V, Zn ... Inductively Coupled Plasma
Mass Spectrometry (ICP-MS)

Anions: F-, Cl- NO,-, Br-, NO;-, HPO,=, SO,= ... lon Chromatography (IC)
Silica
» Dissolved: colorimetry (Lab A) and IC (Lab B)
e Total: in-line analyzer
TOC: in-line analyzer
Walfer tests: bare silicon (Si) particle monitors: 1XPWP (particles/wafer pass)

Counts: dark field surface scan

Composition analysis: EDX and TXRF
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11501 -tool Immersion Water Flow Schematic
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11501 -tool Water Results: UPDI Trace Elements

» Higher incidence 100
of trace elements
at lab B may be
related to
handling or
transport
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11501 -tool Water Results: WICC Trace Elements

» Higher incidence
of trace elements
at lab B may be
related to
handling or
transport
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11501 -tool Water Results: IH Trace Elements

» Positive
results at
both labs for
Fe, Mg, Mn,
Ni, Zn also
Ca, Na
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11501 -tool Water Results: Anions
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 “UltraPure” IC achieves 20x better sensitivity than IC at Lab B

* Only positive = sulfate after modifications to WICC regasification system
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11501

-tool Water Results: Dissolved Silica
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Highest downstream reading (Jun 2005) after modifications to WICC regasification system
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11501 -tool Water Results: Total Silica and TOC
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* In-line test more reliable (< 0.8 ppb)
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11501 -tool Bare Si Particle Monitors: 1xPWP
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11501 -tool Sample EDX Composition Data (5 wafer aggregates)

B Prime Wafers (prior to 1150i testing) M 1150i 1xPWP Monitor W afers
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* Si/O/C containing particles relatively common ... silica? ... TOC?
» Al and Fe typically show up in 1-10% of the particles; other metals rarely detected
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-tool 1xPWP Bare Si Particle Monitor Data
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11501 -tool Critical Metal Concentrations: TXRF and IH Water Data

stainless
steel
particles

» Higher Ni levels typically detected on wafers and in water
0.1 A/lcm? Ni 70 pg Nion a 300 mm wafer  contained in 1.7 mL of water at 42 ppt
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Even at ppt levels, there may be enough contaminants in UPDI
to yield 100nm particles if droplets evaporate on the wafer

2 ppt (detection limit for Fe) = 2 pg/mL

2.2 x 1019 atoms Fe/mL
260 x 10nm3 Fe/mL

One 640nm x 640nm x 640nm particle of Fe per
mL, or more likely dozens of particles in the
100-200nm range

At 50 ppt contamination levels, sub-mm size
droplets contain enough material for 200nm
particles
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Summary

Water test suggestions
Current reporting limits may not be adequate

Bacteria Trace Elements Anions Silica TOC

1 cfu 0.2 ppt (e.g. Pb) — 10 ppt (e.g. B) | 20 — 50 ppt 50 — 500 ppt 5000 ppt

Test at UPDI plant (point-of-distribution) and IH (point-of-use)
Schedule regular off-line tests to supplement in-line monitoring
Track results over time to determine appropriate action limits

Single test lab and consistent methodology
Benchmark results against at least one other test lab

Linkage of UPDI quality to particulate defects; evaporation residue; device yield
Initial commonality between trace impurities and defect composition demonstrated

Immersion fluid containment will be improved on production scanners

Fab water quality measurements need to be coupled with production yield data
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