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Introduction

* The cleanliness and particle removal requirements for filtration for the
semiconductor industry continue to increase in order to keep pace with
the development of sub-10nm devices.

= As a part of the filter development process, new materials are
constantly being evaluated to improve the cleanliness of the final
product

= The lack of analytical methods to directly evaluate materials in a way
that is meaningful to the microelectronics industry can hinder
development

= To attempt to address this issue, we use an electrophoretic method to
collect and concentrate contaminants from prototypical filters to
determine their level of cleanliness.
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Problem Statement

= Two new materials of construction (MOC) are being evaluated for use
in a 2nm filter prototype

= Standard analytical methods (extractions and/or particle count) show
differences in cleanliness, but:

— Testing efficiency can be improved to decrease prototype cycle time
since standard testing can take multiple weeks

— End-user observes contaminants on wafer that were not previously
detected
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Experimental

* Flow system
— Two 10-inch filters in series
= Housing # 1 - Upstream Filter
— 10 nm rated filter
= Housing # 2 - Downstream Filter
— 2 x 2nm rated prototype (hereafter, labeled Prototype-V and Prototype-D)
— Filtration medium is the same in both cases; MOC different

— Electrophoretic particle capture device

= Test fluid is water
— Flow is single pass for at least 24 hours and a maximum of 96 hours

= Where reported, liquid particle count (LPC) measured using Liquid-
Borne Particle Sensor KS-19F from Rion Co., Ltd.

b T Y Y !
PR DD JR pu e
b D b D |
RS RS S R

[

) 20 )

Housing #1 Housing #2 Nanolyzer Pall Corporation



Method — Electrophoretic Analysis

* The electrophoretic analysis is performed using the Nanolyzer from
Microfier, Inc.

= The technology takes advantage of the fact that

— An electromagnetic field can be established in UPW because it is
non-conductive

— Particles in UPW carry surface charge and are mobile in an
electrical field

— As particle size decreases, charge/volume ratio increases,
dramatically improving removal.

= The main advantage of the technology is that it captures and
agglomerates particles on an electrodes while liquid is under laminar
flow

— Allows for analysis of the chemical nature of the particles and
captured contaminants
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Method - Particle Release

= In order to release the captured
particles, an oscillating voltage is
applied to the chamber in long then
short cycles. The release voltage is
chosen such that is high enough to
drive off the captured particles
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= The measured inter-electrode
current (IEC) that occurs as a result
of the movement of the released +
particles is the response to:

— # of released particles
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— Particle composition
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= Clean system will be seen as:
— Flat voltage profile
— Low and flat current response | | Time (s)
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Results - UPW Baseline

----Theoretical Applied Voltage —DIW, Current (Normalized)
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= Particle counts are below detection - S—

limit on 30 nm channel of Rion KS-19F
after the system has stabilized.

24 hour release 100 hour release

= However, particles are measureable
after they have been aggregated by
the Nanolyzer for at least 24 hours
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= There is a measurable |IEC after a Time (min) __ Time (min)
particle capture and subsequent

particle release cycle

Pall Corporation



=
()
o
>
+—
@)
e}
2
o
2}
-
n
| -
()
>
o
()
o
>
+—
@)
e}
@)
S
o
(.
@
O
L
|
n
S
>
7))
)
i

— DIW, Current (Normalized)

----Theoretical Applied Voltage

Prototype - D, Current (Normalized) ——Prototype - V, Current (Normalized)

(vw) juaain)

(A) @8e3jon

Time (s)

IEC plots indicate difference in cleanliness between filters
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Results — IEC of Prototype-D versus Prototype-V

= When comparing the particle release IEC of UPW and the 2nm filter
prototypes prototype:

— Overall, the water from the 2nm filter is cleaner than from the 10 nm
filter alone

— Test material in Prototype-D cleaner than the material used in
Prototype-V

— The contaminant species from Prototype-V different than that from
the water or Prototype-D
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Method - SEM Sample Collection
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= During particle release the
agglomerated particles were sent to
an SEM membrane for analysis

= 30 nm track etch membrane used in
this case
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= Vacuum draw-down needed after
release cycle complete

= The majority of the material deposited
in layer on the membrane whose
structure is dependent on the type of
aggregates captured
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Results - SEM

SEM Membrane Only

SEM membrane “flat” in terms of topography
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Visible topography change after particle captured on membrane
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Results - SEM
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Flatter surface compared to UPW alone; indicates cleaner water
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Results - EDX
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EDX of released particles confirms the interpretation of the IEC results
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Summary

= Smaller pore size leads to cleaner water
— Lower current in the IEC curves from the 2nm prototypes

= Prototype-D cleaner than Prototype-V
— No difference in media used, contaminants from MOC

= Electrophoretic method is a viable option for evaluating filter
cleanliness and performance

— IEC is sensitive to the species that are released from the filters

— The release (elution) time of the particles gives insight to
contaminants species

— Results verified by standard techniques
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Next Steps

= Test performance against 20nm liquid particle counter
— Where reported, 30 nm LPC used

= Verify performance of 2nm product independent of the upstream filter

= Determine filter performance in other application fluids
— All tests presented performed in UPW

= Generate on-wafer data to validate electrophoretic method
— Determine significance of bulk contamination vs trace contamination

= Test materials as single components
— All data reported based on fully constructed filters
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