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Background

| challenges

= The use of 2-propanol/isopropyl alcohol (IPA) has been in common use
in the microelectronics industry for over a decade for wafer drying or
warfer rinsing applications

= As the device architecture size decreases, the requirement for
cleanliness have become more stringent

= As processing tools become more advanced and more chambers are
available for processing, the available real estate for filter installation
decreases

= Additionally, the Drivers and Technology Targets subsection of the
2018 IRDS coined the term electrically active particle (EAP) to
specifically address the potential for EAPs smaller than the 50% of Y2
pitch design rule to lead to lower than desired yield.

— Although not specifically addressed by the IRDS, IPA has a known
potential to carry some ionic contamination and the metals need to
be removed efficiently and completely
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Chemical Supplier
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= Typical process flow
included having both
particulate and ion
= exchange filters in series at
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= |PA purification is not a
new requirement, however
the need to a single
solution the replaces two
filter is ideal.
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Adapted from:

Proceedings of the World Congress on Engineering and Computer Science 2012 Vol Il

WCECS 2012, October 24-26, 2012, San Francisco, USA .
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Design Approach

Characteristics

Chemical Stability

The ability to withstand constant
exposure to IPA at various
temperatures while maintaining
function
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Design Approach
lon Exchange for Solvent Filtration
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Design Approach
Functionalized Polymer for lon Exchange Membrane

Weak acid cation exchange
Potential complexation by partial
charge.

pH dependent due to resonance

Strong acid cation exchange
High stability

downstream membrane
functionalization
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Strong acid cation exchange
High stability

Weak base anion exchange
High mechanical and chemical
stability
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Design Approach
Membrane Configuration
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Patent US, 9,855,534: Porous PTFE Membrane for Metal Removal

= lon Exchange Membrane Layer

— PTFE membrane coated with desired functional chemical to achieve the metal
removal efficiency (MRE), IEC and stability performance

= Retentive Layer:
Pall Corporation

— PTFE membrane has proven to be the best filter for IPA particle removal and
ultimate cleanliness



Functional Testing

Metal Removal Efficiency (MRE) Test

= Typically used for ion exchange membranes or filters
= Measures the ability of the filter to capture certain metals

= Target liquid (water, organic solvents or customers’ chemicals) is spiked
with metals in and is then used to challenge a test media or filter assembly

= Concentration of metals in influent and effluent is quantified

Hli mNa "mMg ®WA|l WK mCa ETi HCr HMn WFe WNi WCu mZn WMo HPb

—————————————————————————————————————————————

Regulator An example of test results i 188 |
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- i Na Mg Al K Ca Cr Fe Ni Cu Zn Pb

Challenge Solution Blank 1 Sample 1- 7 ml/min
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Functional Testing (IEX Membrane)

lon Exchange Capacity (IEC) Test (with Na)

= Typically used for ion exchange lon Exchange Capacity of Multiple IEX Prototypes
membrane prototypes a5
= The objective of this test is to ‘

determine the total amount of ion 35

exchange functional groups in a test
filter.
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= The current test method is only for
media

Changes in chemistry and/or process conditions have a significant effect on IEC
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Functional Testing (Full Filter)

Breakthrough / Lifetime (with Fe)

= Typically used for ion exchange filters

* The objective of this test is to determine how long the filter will perform up to a
certain threshold (pseudo-lifetime test).

= Dynamic test to determine ion exchange capacity change over time
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60 = Working ion exchange capacity allows for up =
99% removal of Fe at single pass

IPA
Reservoir

40 = Based on chosen threshold, the IEC can be
calculated.

Metal Removal Efficiency (%)

20 = Inthis case for the LDFNO5 or SWF04 format
filter, the IEC is ~1.8 meq

Time
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Performance Validation

Case Study 1
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Performance Validation

Case Study 2
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Summary / Next Steps

= Summary

— A critical technology need in the form of an IPA purifier capsule has
been presented to address a critical industry need.

— Employing a design approach to combine both metal removal and
defect reduction we have demonstrated effective performance in
both the lab and in actual application

= Next Steps

— Performance evaluation in chemical / solvents other than IPA

— Metal removal for lithographic solvent

— Metal removal from wet etch chemical
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