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POLYAMIDE COATED FILTER MEMBRANE, FILTERS, AND METHODS

Field of the Invention

{0001} The following description relates to filter membranes that include a porous
polymeric filter layer that 1s coated with a layer that contains cross-linked polyamide polymer; to
methods of making the coated filter membranes, filter components, and filters; and method of
using a coated filter membrane, filter component, or filter, to filter a fluid such as a liquid

chemical to remove unwanted material from the fluid.

Backeround

16002} Filter membranes and filter products are indispensable tools of modern industry,
used to reraove unwanted materials from a flow of a useful fluid. Useful fluids that arc
processed using filters inclhude water, hiquid mdustrial solvents and processing fluids, industrial
gases used for manufacturing or processing (e.g., in semiconductor fabrication}, and liquids that
have medical or pharmaceutical uses. Unwanted materials that are removed from fluids nclude
mmpuritics and contaminants such as particles, microorganisms, and dissolved chemical species.
Specific examples of filter applications include their use to remove particles and bacteria from
therapeutic sohutions in the pharmaceutical industry, to process ultrapure agqueous and organic
solvent sohitions for use in microelectronics and semiconductor processing, and for water
purification processes.

{00037 To perform a filtration fimetion, a filter product mcludes a filter membrane that is
responsible for removing the unwanted material. The filter membrane may, as required, be in
the form of a flat sheet, which may be wound (¢.g., spirally), or pleated, cte. The filter
membrane may alternatively be in the form of hollow fibers. The filter membrane can be
contained within a housing so that fleid that is being filtered enters through a filter mlet and is
required to pass through the filter membrane before passing through a filter outlet.

[0004] Filter membranes can be constructed of porous structures that have average pore
sizes that can be selected based on the use of the filter, 1.¢., the type of filtration performed by the
filter. Tvpical pore sizes are in the micron or sub-micron range, such as from about 0.001
micron to about 10 microns. Membranes with average pore size of fronm about 0.001 to about
0.05 micron are generally classified as ultrafilter membranes. Membranes with pore sizes
between about 0.05 and 10 microns are generally classified as microporous membranes.

{0005] Porous polymeric {ilms are a common type of filter membrane, including those
made of various fluoropolymers, polyolefins, and nyion materials such as nylon 6 and nylon 66.

Nylon filiers are used commercially for filtering solvent matertals for photolithography methods
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for semiconductor fabrication. These methods require solvents that have a verv hugh level of
purity, and, therefore must be filtered using a filtration svstem of very high effectiveness. Filters
made of nylon can be prepared with controlled small pore sizes that can be effective for these
applications. However, liquids used in microelectronic and semiconductor processing can be
acidic. And some nyvlous are polymerized using a metal catalyst such as magnesium. Exposing
that type of nylon of a filter membrane to an acidic liguid can tend to cause the metal (e.g.,
magnesium} 1o be extracted from the nylon into the acidic fluid that is being filtered, where the
metal is considered a contaminant. Morcover, nylons, being designed for inertness and solvent
resistance, are not always soluble in a large selection of solvents. This reduces options for
preparing a nylon filter membrane or filter membrane coating. For these reasons at least,
ongoing noed exists in the filtration arts for new and mmproved filters, including filters that

contain nylons.

Summary

10006] The field of microelectronic device processing requires steady improvements in
processing materials and methods to sustain parallel steady improvements in the performance
{c.g., speed and reliability) of microelectronic devices. Opportunities to improve microclectronic
device fabrication exist in all aspects of the manufacturing process, inchuding methods and
systers for filtering higuid materials.

[0007] A large range of different types of liquid materials are used as process solvents,
cleaming agents, and other processing solutions, in microelectronic device processing. Many if
not most of these materials are used at a very high fevel of purity. As an example, liguid
materials (¢.g., solvents) used in photolithography processing of microclectronic devices must be
of very high purity. Specific examples of liquids that are used m microelectronic device
processing include process solutions for spin-on-glass (8OG) technigues, for backside anti-
reflective coating (BARLC) methods, and for photolithography. Some of these liquid materials
are acidic. To provide these liguid matenials at a high level of purity for use in microelectronic
device processing, a filtering system must be lighly effective to remove various contaminants
and impurities from the liquid, and must be stable (1.¢.. not degrade or introduce contaminants} in
the presence of the liquid material being filtered (e.g., an acidic material).

{00087 Many important considerations factor into the ability to provide filter systems of
ever-increasing effectiveness in challenging applications such as for microelectronics processing.
Nylon materials {generically, polvamides) have been used as porous filter membranes, as
coatings on a porous filter membrane, or both. Nvlons have been used in these filter membranes
for filtering various liquud materials involved in nucroelectronic device fabrication, but without
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improvements become ineffective or sub-optimal as microclectronic device processing methods
continue to advance.

{00091 As an example, metal ions are used as a catalyst in preparing certain types of
nylon materials and can be present in very low amounts in finished nvlon filter materials. Even
such a low level of metal 1n a nylon filter can be a problern for use of the filter in microelectronic
device processing, because the metal may be extracted from the nylon filter material by acidic
heuids. The extracted metal becomes a contamipant in the liquud. Separately, nylons vary in
their ability to be processed mto a filter membrane. Nylons are designed to be stable and
resistant to chenucals, meaning that nvlons may not be soluble 1n a large range of solvents.
Some nylons are soluble in certain types of solvents such as acid solvents {e.g. formic acid) and
ionic solvents {¢.g., calcium chloride). But these solvents possess their own shortcomings:
formic acid can be difficult to work with, and calcium chloride can leave impurnties on a nylon
coating in an amount that is not acceptable for use of the nyvlon as a filter for advanced node
microclectronic device processing.

{0010] As described herein, Applicant has determined that certain types of polyamides
can be effectively coated onto a porous palymenc filter layer to produce a coated filter
membrane that exhibits usefud or advantageous filtration performance in filtering contaminants
or impurities from a liquid fluid. For example, the coated filter membrane can be used to remove
contaminants from liquid materials used in microelesctronic device processing, including acidic
hguds, to produce a filtered iquid matenial having a very high level of purity.

{0011} A purity level of a processed hquid, and the related performance of a filter
membrane, can be measured using a variety of different technigques. By one quantitative
measure the effectiveness of a filter medium can be assessed by testing the effectivencss of the
filter medum for removing a known type and amount of a material, e.g., a “challenge” material,
which may be a dissolved metal or a metal particle such as gold. Coated filter membranes of the
present description can be highly effective in removing these types of challenge particles, g, at
least as effective as current or previous filter membranes based on these tests.

{0012} By another measure, the effectiveness of a filter membrane may be measared in
terms of performance in a specific application, such as for filtering a fluid used for processing a
microelectronic or semiconductor device, with the effectiveness of the filter membrane being
measured in terms of performance, such as by measuring the level of defects present ina
microelectronic or semiconductor device prepared using the fluid. As one example,
cffectiveness of a filter membrane can be assessed by counting the number of defects, e g,

“bridge defocts,” that are present in a microelectronic or semiconductor device prepared by using
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a hiquid process solution that is processed (1.e., filtered) using the tilter membrane. Fewer
defects n the device indicate a higher level of effectiveness of the filter membrane.

{00131 A polvanide can be coated from solvent onto the filter layer using solvent that 13
different from formic acid and different from calctum chloride, each of which is not optimal for
usc n processing a nylon coating for a filter for use i microclectronic device processing. The
solvent (that is not formic acid or calcium chlonide) may be one that 1s non-acidic, non-iomic, and
that can preferably be handled and processed by conventional methods. Propanol, which is
commonly and routinely handled in industrial applications, is one example of a solvent that can
be used to dissolve example polyamides as described. Propanol is non-acidic and does not
mtroduce a level of contaminants into a coated polyanude that would prevent the polyamide
from being useful for microelectronic device applications.

{0014] The polyamide can be coated by any useful methods, such as by an immersion
precipitation method, and can be crosslinked after coating to increase the solvent resistance of
the polvamide.

{0015] In one aspect, the mvention relates to a coated filter membrane that includes: a
porous polymeric filter layer, and non-porous crosslinked polyvamide film coating at a surface of
the porous filter laver.

{60161 In ancther aspect, the invention relates to a method of preparing a coated filter
membrane. The method includes: coating pelvmer solution onto a surface of a porous filter
membrane, the polvmer solution comprising: polyvamide polymer, solvent, and free-radical
source material; causing polyamide of the polymer solution to coagulate on the surface; and

crosstinking the polvamide.

Bref Description of the Drawings

{0017} Figures 1. 2, 3, and 4 are graphs showing dye-binding capacity of various filter
membranes.

[0018] Figure 5 shows data relating to amounts of metal extracted from filter membranes.

{0019} Figure 6 shows data relating to stability of a polvamide coating upon exposure to
alow pH organic solvent.

{00201 Figure 7 shows data relating to stability ot a polyvamide coating upon ¢xposure a
common photoresist solvent

{00217 Figure 8 shows data relating to coatings with varied amounts of photoinitiator.

{0022] Figure 9 shows data relating to defect count for different filter membranes.

{0023] Figure 10 shows data for metal removal efficiency for different filter membranes.
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Detatled Description

{00247 The following description relates to coated filier membranes, methods of making
coated filter membranes, products such as filter components and filters that contain a coated
filter membrane, and methods of using a coated filter membrane, filter component, or filter.

{0025] A coated filter membranc as described includes a porous polymeric filter laver
and a polymer film coating at one or more surfaces of the porous polvmeric filier layer. The
polymer film coating is a film coating that includes crosslinked polyamide polvmer. The
polyamide, before being crosslinked, can be dissolved in at least one type of solvent that is
different from fornuc acid and calcium chloride, which are sometimes used for forming solutions
from nylons but which can be difficult to handle (formic acid) or may produce an unacceptable
level of residue or contamination {calcium chloride) when the resultant nylon is used in a filter
for microelectronic device processing. In some embodiments, the polymer film coating can be
porous and in other embodiments the polvmer film coating can be non-porous.

{0026] The polyvamide film coating can be a continuous or semi-continuous layer of
polyamide-containing film disposed on surfaces of the porous polymeric filter layer. Asa
“film,” a preferred coating is considered to be substantially thin. In some embodiments, the
polvamide can be porous and in other embodiments the polvamide film can be non-porous or
substantially non-porous {e.g., does not contain a substantial amount of void spaces). The film
may be continuous over an entire portion of a surface or surfaces of a porous polymeric film
layer, or may be semi-continuous, meaning that the film may be interrupted but may covera
substantial portion of the porous polymeric film layer.

{00271 The polvmer film coating that contains crosslinked polyamide can be prepared by
preparing a polymer solution that includes polvamide polvmer (that is not crosslinked), placing
the polymer solution onto surfaces of the porous polvmeric filter layer, and crosslinking the
polyamide. The polymer solution may be placed onto the surfaces of the polymeric filter layer in
a maunner that is effective to place a desired and useful amount of the polyamide at external and
miternal surfaces of the porous polymeric filter laver, for example by precipitation coating. The
polyamide polymer may then be crosslinked by any effective method. The crosslinked
polyamide can be dried so that a continuous or semi-continuous, porous or non-porous film
coating remains on surfaces of the filter layer, with the film coating containing (comprising,
consisting of, or consisting essentially of) the crosslinked polyvamide polvmer. The film coating
will be present in a sigmificant portion at muer surfaces of the pores of the porous polymeric
filter layer, and can also be present on the outer {macroscopic) surface of the porous polymeric

filter fayer.
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{00281 The film coating may countain materials other than the crosslinked polyamaide, but
useful and preferred examples of film coatings do not require any other matenals. A film
coating that includes polvamide as described, after being applied, crosslinked, and dried, can
contain at least 50, 70, 85, 90, or 95 weight percent of the crosslinked polyamide based on total
weight of the dried filo coating. A filio coating that cousists essentially of the crosshinked
polyanude coating 1s a film coating that contains not more than 5, 2, 1, or 0.3, weight percent of
materials other than the crosslinked polvanide.

{00291 The coated filier membrane can be uscful for filtering a liquid to remove
undesired matenal {¢.g., contanunants or impurities) from the liguid to produce a lugh purity
hquid that can be used as a material of an industrial process. The industrial process may be any
that requires a high purity liquid material as an input, with non-limiting examples of such
processes including processes of preparing microelectronic or semiconductor devices, a specific
example of which is a method of filtering a hiquid process material {e.g., solvent or solvent-
containing Hqoid) used for semiconductor photolithography. Examples of contaminants present
i a process liguid or solvent used for preparing microelectronic or semiconductor devices may
mclude metal ons dissolved in the liquid, solid particulates suspended in the liquid, and gelled or

coagulated materials {e.g., gencrated during photolithography} present in the liquid.

{6030} The coated filter membrane can be useful to remove a dissolved or suspended
contaminant or unpurity {or the like) from a liquid that 15 caused to flow through the coated filter
membrane, either by a sieving mechanism or a non-sieving mechanism, and preferably by both a
combined non-sieving and a sieving mechanism. A sieving mechanism is a mode of filtration by
which a particle is removed from a flow of liquid by mechanical retention of the particle at a
surface of a filter membrane, which acts to mechanically interfore with the movement of the
particle and retain the particle within the filter, mechanically preventing flow of the particle
through the filter. Typically, the particle can be larger than pores of the filter. A “non-sicving”
filtration mechanism is a mode of filtration by which a filier membrane retains a suspeaded
particle or dissolved material contained i a hiquid flowing through the filter membrane in a
g, that includes an electrostatic mechanism,

=

manner that is not exchusively mechanical, e.
{00317 In example coated filter membranes as described, the porous polymeric filter
layer can act to remove materials trom a flow of liquid passing through the coated filter
membrane by way of a sieving mechanism, and the polymer film coating that includes
polvamide polymer can act to remove materials from the flow of liquid by way of a non-sieving
mechanism.
{0032] A porous polymeric filter layer of a coated filter membrane can be any of a

general range and vartety of porous polymeric filter materials used and useful for apphcations in
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filtering high purity liguids. A porous polymeric fifter layer may be characterized by #s
chemical makeup, a general shape, and by one or more of pore size, porosity, bubble point, and
thickness, among other physical and performance features.

{0033} A shape may be a planar sheet extending in a length and a width dimension to
define two opposed major surfaces, which are separated by a thickuess in a third dimension. The
sheet may preferably have a relatively uniform thickness over the length and width dimensions.
An alternate shape can be a hollow fiber, which can include a fength and a substantially uniform
thickness extending between an inner diamcter and an outer diameter.

{0034] A variety of different polymers are available to form a porous polymeric filter
laver (e.g., membrane) with certain examples mchuding non-fluorinated polymers such as
polyolefins, polyvhaloolefing, polyesters, polyimides, polyetherimides, polysulfones,
polyethersulfones, polycarbonates, as well as fluoropolymers, and other general and specific
types of useful polymers.

{00357 Suitable polyolefins include, for example, polvethylene {¢.g., vltra high molecular
weight polyethylene (UPE)), polypropvlene, alpha-polyolefins, poly-3-methyl-1-butene, poly-4-
methyl-1-butene, and copolymers of cthylene, propylene, 3-methyl-I-butene, or 4-methyl-1-
butene with each other or with minor amounts of other olefins; example polvhaloolefing include
polytetrafluoroethylene, polyvinylidene flucride, and co-polymer of these and other fluorinated
or non~tluorinated monomers. Example polvesters include polyethylenc terephthalate and
polybutylene terephthalate, as well as related co-polymers.

{0036} In some embodiments, porous polymeric filter lavers need not be fluorinated or
perfluorinated, and may contain entirely non-fluorinated polymer made essentially from non-
fluoninated monomers. Example filter layers may comprise, consist of, or consist essentially of
polvolefin, such as polyethylene (e.g. UPE). Presently preferred polymeric filter layers contain,
consist, or consist essentially of non-fluorinated polymer materials. A porous polymeric filter
layer that consists essentially of non-tluorinated materials can contain less than 0.5, 0.1, or 0.01
weight percent fluorine. A porous polymerie filter laver that consists essentially of polvolefin,
¢.g., polyethylene, can be dertved from monomers that imclude at least 99, 99.3, or 99.0 weight
percent polvolefin {e.g.. polyethylene) monomers.

{00371 A porous polvmeric filter of anv composition may optionally be treated, ¢.g.,
plasma treated, to enhance adbesion or filtering propertics.

{0038} In some embodiments, filter lavers are made of a non-nylon polymer, such as
polyolefin, e.g.. polyethylene, ¢ g, ultrahigh molecular weight polyvethylene (UPE). Nylons are
often prepared by use of a metal catalyst such as magnesium. The maguesium present in a filter

layer may be potentially extracted during use in filtering certain types of liquids, such as acidic
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houids. In some embodiments. a tilter layer may be made of a non-nylon polymer, to avoid the
presence of such extractable metals. According to useful examples of the present mvention, a
coated filter membrane can include (comprise, consist of, or consist essentially of) a non-nylon
porous polymeric filter layer {e.g., a polyolefin, e g., UPE, filter membrane} coated with a
crosslinked polyamide as described. The metal (¢.g., magnesium) content of a polyamide-coated
non-nylon {e.g., UPE) porous polymeric filter layer will be substantially lower than the metal
{c.g., magnesium} content of a comparable nylon filter layer. A porous polymeric filter layer
{c.g.. apolyoletin, e.g., UPE, filter membrane) may consist of or consist essentially of non-nvion
polymer; a porous polymeric filter layer that consists essentially of non-nylon polymer is a filter
membrane that contains not more than 3, 2, 1, or 0.5 weight percent nylon based on total weight
of the filter membrane, ¢ g., contains at least 93, 98, 99, or 99.5 weight percent non-nylon
polymer such as a polyoletin (e.g., polyethylene, polypropylene, UPE, or the like) based on total
weight porous polymeric filter layer.

{00397 Example porous polymeric filter layers may have pores of a size (average pore
size} to be counstdered cither a microporous filter membrane or an ultrafilter membrane. A
microporous membrane can have an average pore size in a range on from about 0.05 microns to
about 10 microns, with the pore size be selected based on one or more factors that include: the
particle size or type of impurity to be removed, pressure and pressure drop requirements, and
viscosity requirements of a higuid being processed by the filter. An ultrafilter membranc can
have an average pore size n a range from 0.001 microns to about 0.05 microns. Pore size is
often reported as average pore size of a porous matenial, which can be measured by known
technigues such as by Mercury Porosimetry (MP), Scanning Electron Microscopy (SEM), Liguid
Displacement (LLDP}, or Atomic Force Microscopy (AFM).

{00407 Bubble point is also a known feature of a porous membrane. By a bubble point
test method, a sample of porous polvmeric filter layer is immersed in and wetted with a Hguid
having a known surface tension, and a gas pressure is applied to one side of the sample. The gas
pressure is gradually increased. The mintmum pressure at which the gas flows through the
sample is called a bubble point. Examples of usefol bubble points of a porous polymeric filter
laver that is useful or preferred according to the present description, measured using HFE 7200,
at a temperature of 20-25 degrees Celstus, can be in a range from 2 to 400 psi. e.g.. in a range
from 20 to 200 ps1.

{00411 A porous polvmer filter layer as desertbed may have any porosity that will allow
the porous polymer filter laver to be effective as described herein, for filtering a flow of liquid to
produce a high purity filtered hquid material. Example porous polymer filter layers can have a

relatively high porosity, for example a porosity of at least 50, 60, 70, 80, 85, 90, 95, 0r 98
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percent, ¢.g., a porosity in a range from 30, 60, 70, 80, or 85 to 90, 95, or 98 percent. As used
herein, and in the art of porous bodies, a “porosity” of a porous body {(also sometimes referred to
as void fraction) is a measure of the void (1.e. “empty”) space m the body as a percent of the total
volume of the body, and is calculated as a fraction of the volume of voids of the body over the
total volunie of the body. A body that bas zero percent porosity is completely solid.

{00421 A porous polymeric filter layer as described can be in the form of a sheet or
hollow fiber having any uscful thickness, ¢.g., a thickness i a range from 5 to 100 microns, e.g.,
from 20 to 50 microns.

{0043] According to the present description, phvsical features of a coated filter
membrane will be substantially determined by and comparable to or approximately equal to
corresponding physical features of the porous polymeric filter layer. The porous polymeric filter
layer may be sclected based on physical features that include bubble point, porosity, pore size,
and thickness. Upon being coated with the non-porous filim coating that includes crosshinked
polyamide polymer, as described, these physical features may remain substantially or
approximately the same for the coated filter membrane.

10044] The coated filter membrane includes a polyamide film coating as described, e.g.,
a continuous or semi-continous film coating on surfaces of the porous polyvmeric filter laver.
The polvamide film coating includes crosslinked polyamide that is effective as a filtering
component of the coated filter membrane and that improves filtering performance (e.g., filtering
cffectiveness or retention) of the coated filter membrane by acting as a non-sieving filtering
medium. The polvamide can be selected for its filtering effectiveness and also for its
processability. For processability, a preferred polvamide is one that before being crosslinked can
be effectively {and preferably efficiently) placed by a usetul coating method on surfaces of the
porous polymeric filter layer and then crosslinked to improve the solvent resistance of the
polyamide.

{0045] To provide desired processability, preferred polyamides can be capable of being
dissolved mn solvent to form a polymer solution that can be coated onto a surface of a porous
polymeric filter layer in a desired amount and then precipitated from the polvmer solution onto
surfaces of the porous polymeric filter layer; t.e., preferred polyamides can be dissolved in
solvent and precipitation coated onto surfaces of the porous polymeric filter layer. The amount
and placement of the polyvamide material coated onto the surfaces should be sufficient to allow
for the polyamide to improve the filtering performance of the porous polymeric filter membrane,
but should not cause any unacceptable detrimental effect with respect to flow or filtering
propettics of the porous polymeric filter membrane, such as to significantly reduce the ability of

liquad to flow through the porous polymeric filter membrane during use as a filter.
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10046] The crosslinked polyamide can be ong that is effective to act as a filter mediom as
described herein, and is preferably one that in a pre-crosslinked form can be provided as a
coating on the porous polvmeric film coating by a usefil coating technigue, such as by
precipitation coating, preferably from a polymer sohution in which the polyamide (before being
crossiinked) is dissolved in solvent as described herein.

{00471 Polvamides are a class of well-known polvmers that include nyvlons. Polyanudes
are chemically considered to be polymers that include multiple repeating carbon-based organic
polymeric backbone units scparated by repeating amide linkages. The term “polvamide” refers
to polymers that include those derived from two or more reactive monomer compounds (e.g.,
polvamide “copolymers” and “terpolvmers”) having recurring amide groups, as well as blends of
two or more different such polyamides.

{0048] Polyamides can be prepared by reacting monomers or reactive ingredients that
melude functional groups capable of combimng to form a polymer backbone having repeating
amide linkages. Accordingly, examples of monomers and reactive materials that are usefol to
prepare polvamides include di-amine monomers and di-carboxylic acid monomers. Example
polyamides include copolymers and terpolymers prepared by polyvmerizing a combination of two
or three diamine and dicarboxylic acid monomers.

160491 A usetul monomer such as a diaming or a dicarboxylic acid may be linear,
mecluding a saturated lincar hydrocarbon compound and two functional groups, ¢.g., two anine
or two carboxylic acid groups. These compounds react to form hinear {e.g., ahphatic) units of a
polyamide backbone. Other useful monomers may be compounds that mclade two fimetional
groups {(e.g.. amine or carboxylic acid groups) attached to a non-linear compound such as an
aromatic compound or a saturated cyclic or di-cvclic compound. These compounds react to form
non-linear units, ¢.g., cvchc or polvevelic units, of a polvamide backbone.

{0050} In some embodiments, polvamides of the present description, useful in a film
coating on a coated filter membrane, can include lincar and non-linear backbone uniis, ¢.g., may
be derived by reacting linear monomers and non-linear monomers to produce a polvamide
having backbone units that include linear backbone units and non-linear backbone units. The
non-lincar backbone units may preferably be effective to increase the ability of the polvamide, in
a non-crosslinked state, to dissolve in a desired solvent to form a polymer solution as described.

{00517 Certain specific non-limiting examples of hnear compounds (monomers) that may
be useful to prepare a polyamide as described herem nclade caprolactam,
hexamethylencdiamine adipate, and combinations of these. A specific non-limiting example of a
non-fingar cormpound (monomer) that may be useful to prepare a polvamide as described 1s 4.4-

diamino-dicyclohexylmethane adipate. These example monomers are not to be construed o
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hmit the types of monomers or reactive materials that can be used to prepare a usctild polvamide
of the present description. Other lincar monomers {e.g., linear di-amines and linear di-carboxyhic
acid groups) are also useful to prepare a polyamide as described, as are other non-linear
monomers (e.g., di-amine and di-carboxylic acid compounds that include a cvelic six-membered
saturated ring structure {¢.g., a bivalent cycloalkylene residuc) or two connected cyclic six~
membered saturated ring structures {(e.g., a bivalent di-cycloalkylene residue)).

{0052] The polvamide as described can preferably be made of repeating amide groups
that are scparated by a combination of linear and non-linear backbone units that cause or allow
the polyamide to be solvent processable in a desired solvent, as described, that is different from
formic acid and from calcnum chloride. A polvamide is considered to be solvent processable if
the polyamide, prior to crosslinking, can be disschved into a solvent to form a polymer sohution
that can be applicd as a coating to a porous polvmeric filter laver. The polyamide is preferably
comapletely soluble in the solvent n an amount that is sufficient to allow for the polyanude to
form a polvmer solotion useful for coating, e.g., useful for coating by immersion precipitation.

{0053] The polvamide is not required to be melt processable, as are certain polyaraides
and nylons, ¢.g., to be thermoplastic, meaning that the polvamide may be passed between a
hquefied (melted) and a solid state, ¢.g., repeatedly, without the polvamide becoming
substantially degraded.

{0054] Various polyvamides are known to be solvent processable using certain tvpes of
solvents such as some acidic solvents (e.g., formic acid) and certain 1onic solvents {(¢.g., calcium
chloride). For example, some nylons, ¢.g., nylon 66, are soluble in formic acid as well as
calcium chloride, but are not generally soluble in other organic materials. Formic acid, however,
can be difficult to work with. And calcium chloride is not a preferred solvent for use in
preparing a nylon material for a filter used to filter high purity liguids such as those used in
semiconductor processing, because calcium chloride can result in unacceptable levels of
impurities being present on a nylon material coated from calcium chioride.

[0055] Preferred non-crosslinked polyanude materials of the present description can be
solvent processable in solvent that is different from formic acid and that is different from
calcium chloride. More generally, certain useful and preferred non-crosslinked polyvamides can
be soluble in varicus non-acidic solvents, e.g.. organic solvents {optionally with a water
component} that are different from formic acid and calcium chloride, that are easier to handle
relative to formic acid, and that do not result in undesired residue being present with a coated
polyamide for use in a filter for processing high purity materials.

{0056] A usetul or preferred non-crosstinked polvamide of the present description may

be soluble in at least one alternative solvent, i.e., a solvent that is different from formic acid and
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different from calcium chloride, and can preferably be made entirely of {e.g., consist of or
consist essentially of) solvents that do not include formic acid or calcium chloride. A solvent
that consists essentially of solvents that differ from formic acid and calciom chlornide refers to
solvent that contains onc or a combination of solvents different from formic acid and calcium
chloride, and optional water, with not more than 5, 2, 1, or 0.5 weight percent of formic acid or
calcium chloride.

[0057] Examples of altermnative solvents include a vanety of organic, non-acidic, non-
tonic solvents that are commuonly used, handled, and processed i various industrial and
commercial processes, and that can be used to dissolve the non-~crosstinked polyamide and form
a coating of the polvamide that does not inchude an unacceptable amount of solvent-derived
residuc. The solvent is one that will dissolve the non-crosslinked polvamide in an amount that is
uscful and sufficient to allow the solvent to be a vehicle for coating a desired amount of the non-
crosslinked polvamide onto a substrate, e.g., onto a porous polymeric filter layer by an
mynnersion precipitation coating method.

10058] Presently preferred examples of solvents that are different from formic acid and
that are different from calcium chloride include fower aliphatic alcohols {e.g., a C1 through C3,
C4, C5, or C6 aliphatic alcohol) such as methanol, ethanol, propanol, butanol, isopropanol, as
well as chlorinated hydrocarbons. A useful or preferred non-crosslinked polyamides of the
present description will be soluble in one or a combination of these solvents, optionally in
combination with water, to a degree that will allow the non-crosslinked polvamide to be coated
from the solvent onto a porous polymeric filter layer as described herein. Certain presently-
preferred non-crosshinked polvamides are capable of being dissolved in solvent that consists of
or consists essentially of propanol and optional water, ¢.g., that is made of only propanol
optionally in combination with not more than 20 weight percent water based on total weight
solvent.

{0059] Accordinglv, useful or preferred solvent may comprise, consist of, or consist
essentially of solvent that inchudes one or a combination of the following, optionally also in
combination with an amount of water: a lower aliphatic alcohol such as methanol, ethanol,
propanol, butanol, isopropanol; and one or more chlorinated hyvdrocarbon. The solvent can
optionally include an amount of water, e.g., up to about 20, 190, or 5 percent water.

{00607 A solvent that consist essentially of a specified solvent or combination of solvents
{with an optional amount of water) 1s a solvent that containg the specified solvent or combination
of solvents and not more than 3, 2, 1, or 0.5 weight percent of matenials {e.g., solvent) that is
different from the specified solvent or solvents. A solvent that consists essentially of one or a

combination of a lower aliphatic alcohol such as methanol, ethanol, propanol, butanol,
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isopropanol, chlorinated hydrocarbon, or combination thercof, with optional water, 15 a solvent
that contains one or a combination of these solvents and optional water with not more than 5, 2,
1, or 0.5 weight percent of any other material.

{0061} Depending on the sclvent, heat may be used to allow for or to accelerate
dissolution of the non-crossiinked polyamide in the solvent. For example, in the abscnce of heat,
a non-crosslinked polyamide may take many hours or multiple days to fully dissolve in a solvent
as described. By heating the solvent, ¢.g., to a temperature in a range from 60 to 80 degrees
Celsius, the amount of time will be reduced. Preferably, with heat, a non-crosslinked polyamide
as described may become fully dissolves in solvent in a matter of hours {e.g., 2, 4, or 6 hours) or
less (e.g., less than 40, 30, 20, or 10 minutes).

{0062] According to some cmbodiments of polyamides and methods of the present
description, a polvamide can be dissolved in solvent to form a polymer solution that can be
applied to a porous polymeric filier laver by an immersion precipitation method, followed by a
step of crosslinking the polvamide. A general method includes one or more steps that include:
forming or otherwise providing a polymer solution that includes the non-crosslinked polyamide
dissolved in solvent (¢ g., non-formic acid-containing and non-calcium chloride-containing
solvent as described hercin with an optional amount of water) along with a free-radical source
material; applying the polymer solution to the porous polymeric filter laver; causing the
polyamide of the polymer solution to precipitate {¢.g., caused to coagulate) out of solution and
onto the porous polymeric filter layer; crosslinking the polyamide that has been coated onto
porous polymeric filter layer; and drying the polyamide.

{0063] A step of precipitating polymer from the polymer solution onto the filter layer,
also known as invmersion precipitation or phase inversion, is a generally known method of
placing a pelvmer film onto a substrate. By this technique, as applied to a polvamide and
polymer solution of the present description, a polvmer solution that contains the polvamide can
be coated onto a porous polymerie filter layer, and polyvamide of the polymer solution can be
precipitated from the polymer solution onto the porous polymeric filter layer by contacting the
filter laver coated with the polvmer solution with a coagulation liquid {¢.g., by immersing the
coated filter laver in a coagulation bath) that contains nonsolvent such as an agueous liquid. Due
to the solvent and nonsolvent exchange that occurs when the polymer solution is exposed to the
coagulation liquid, polvmer (.., non-crosslinked polyanude) from the polymer solution
precipitates onto the surfaces of the film laver on which the polymer solution has been coated.
The polymer must be soluble in the solvent of the polymer sclution and must precipitate or

coagulate upon contact with the non-solvent {¢.g., aqueous liquid) of the coagulation hquid.
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{0064] The polymer solution contains any effective amount of cach of the solvent,
dissolved polyamide, and free radical source material. Example polvmer solutions may contain
up to about 10 or 20, e.g., from 0.5 to & or from 0.5 to 5 or 3 weight percent polyamide, up to
about 3, ¢.g., from 0.5 0 6 or from 1 to 5 weight percent free radical source material, based on
total weight of the polymer solution, with the balance being solvent {¢.g., organic solvent as
described herem optionally in combination with an amount of water).

{0065] Example polymer solutions do not require and may exclude acidic solvent such as
formic acid and ionic solvent such as calcium chlornide. A preferred solvent may be propanol
with optional water, but other solvents may be used alone or in combination with propanol,
mchuding example solvents described herein that are non-acidic, non-basic, and non-ionic.

{0066] The polymer solution may comprise, consist of, or consist essentially of the
polyanude, free-radical source material, and solvent (¢ ., as described and exemplified herein).
A polymer solution that consists essentially of polvamide, free-radical source material, and
solvent {e.g., as described and exemphified herein) refers to a polymer solution that contains at
feast 95, 98. 99, or 99.5 weight percent of the polvamide, free-radical source material, and
sobvent (as described and exemplified herein) and not more than 0.5, 1, 2, or 5 weight percent of
any other material.

{6067} After the polvamide has been precipitated onto the surfaces of the filter layer, the
polyanude can be crosslinked to increase the solvent resistance of the polvamide. A polvamide
that is crosshinked refers to a polyamide i which the polymeric chains of a polyanude
composition {(¢.g., coated and precipitated polyamide) are chemically cross-connected to each
other; thus, at least one polvamide chain is cross-connected (chemically bound) to at least one
other polvamide chain in at least one position, optionally wherein nmultiple bonds are present
between the one single polvamide chain and one, two, or more other polvamide chains,

{0068} Crosslinking can be made to occur by any useful mechanism, with a preferred
method being exposing the coated polyamide material to a free-radical source material and a
source of radiation, such as ultraviolet (UV) radiation. Useful examples of free-radical source
materials are well known and include photonitiators such as benzoin, substituted benzoins such
as benzoin ethyl ether, benzophenone, benzophenone derivatives, Michler's ketone,
alpthahydroxyketone, benzildimethylketal, isopropylthioxanthane, dialkoxyacetophelnones such
as diethoxyacetophenone, acetophenone, benzil, peroxides, and other derivatives (substituted
forms) and mixtures thereof. An example of a preferred free-radical source material is
benzophenone. This or another free-radical source material can be used in combination

{0069] Optionally, if desired, a polymer solution can include one or more additional

multi-functional, e.g.

=0

polyfimctional compounds that increase the level of crosslinking between
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the polyamide chains of a polymer solution. A crosslinking agent is not necessary, and example
polymer solutions do not require and may exclude the presence of multi-functional crosstinking
agents in addition to the polyamide polymer.

{0070} The method used to cause crosslinking of the polyamide may be any method that
1s useful to provide a crosslinked polyamide that has mcereased resistance to solvent relative to
the non-crosshinked polvamide. Methods other than the use of UV radiation and a free-radical
source may be useful, for example by use of e-beam radiation.

{00711 A crosslinked polymer as described, coated onto a porous polymeric filter as part
of a coated filter membrane, can be characterized in terms of dyve-binding capacity of the
crosslinked polymer. In specific, a charged dye can be caused to bind to a surface of a
crosslinked polymer. The amount of the dye that can be bound to the crosslinked polymer can
be measured quantitatively by spectroscopic methods based on a difference in measured
absorption readings of the membrane at an absorption frequency of the dye, taken before and
after application of the crosslinked polyvamide. The dye-binding capacity can be assessed by use
of a negatively-charged dye, and also by use of a positively-charged dye.

{00721 In some embodiments, a filter membrance that is coated with crosshinked
polvamide can have a dye-binding capacity for a positively-charged dve, for a negatively-
charged dve. or both, that is greater than a comparable filter that is made from or coated with
certain previously-used polvamudes, such as nylon 6 or nylon 66, when assessed using the same
performance or testing conditions. A coated filter membrane as described may have a dye-
binding capacity for methyvlene blue dve that is at least 0.2 micrograms per milhigram of the filter
membrane (pg/mg), ¢.g., greater than 0.5, or 1.0 pug/mg; alternately or in addition, a coated filter
membrane as described may have a dve-binding capacity for Ponceau-S dve that is at least 0.2,
micrograms per milligram filter membrane (ug/mg), ¢.g., greater than 0.05, 0.23, 0.5, or 0.6
pg/mg.

{00731 In some cmbodiments, the filter membranes coated with crosslinked polyamide
disclosed herein have less than 1.0 ng/cm? (nanograms per square centimeters), 0.9 ng/om?, 0.8
ng/em?®, 0.7 nglem?®, 0.6 nglem?, 0.5 nglem?, or 0.4 ng/em® of magnesium (Mg) extracted from a
sample of the membrane having a diameter of 47 mm and a thickness of 55 microns when the
saraple is soaked in 15 md of 2 0.1 N solution HCI (hydrochloric acid) for 24 hours. The anmount
of Mg 1s measured by inductively coupled plasma mass spectrometry (ICP-MS). A crosslinked
polvamide film coating on the porous polymeric filter may optionally be treated, e.g., plasma
treated, to enhance filtering properties.

{0074] As part of the desired coating propertics of the polyamide, the crosslinked and
dried polyamide film coating should not cause an unacceptably high degree of blocking of the
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pores of the porous film layer, ¢.g., should not cause an unacceptable change in the flow
propertics of the porous polvmeric filter laver of the coated filter membrane. The amount and
rate of flow of liquid through the coated film membrane (i.e., the porous polymer film coating
following placement of the polvamide film coating on the porous polymer film layer} should be
sufficient and acceptable to allow the coated film membrane to be functional as a commercial
filter membrane. By suitable examples of methods that can provide a coating as described, a
polyamide may preferably be coated onto a porous polymeric filter layver by applying a polymer
solution that contains the (non-~crosslinked} polyamide dissolved in solvent onto surfaces of the
porous polymeric filter layer and causing precipitation {coagulation) of the (non-crosslinked)
polvamide out of the polymer solution and onto the surfaces of the filter laver. The precipttated
{non-crosslinked) polyamide covers surfaces of the porous polymeric filter layer in an amount
for the coated polyamide, after crosslinking and drving, to function effectively as a non-sieving
filtering medium, without significantly clogging the openings of the porous filter membrane, i.¢.,
without reducing flow through the membrane by more than 30, 20, 10, or 5 percent {based on
flowrate, or measured as a 3, 10, 20, or 30 percent increase in flowtime).

{00751 A filter membrane as described herein, or a filter or filter component that contains
the filter membrane, can be usefud in 3 method of filtering a liquid chemical material to purify or
remove unwanted materials from the liquid chemical material, especially to produce a highly
pure liquid chemical material that is uscful for an industrial process that requires chemical
material mput that has a very lgh level of purity. Generally, the liguid chenucal may be of any
of various useful commercial materials, and may be a liguid chemical that is useful or used in
any application, for any industrial or commercial use. Particolar examples of filters as described
can be used to puritving a liquid chemical that is used or useful in a semiconductor or
microelectronic fabrication application, ¢.g., for filtering a hquid solvent or other process liquid
used in a method of semiconductor photolithography. Some specific, non-limiting, examples of
solvents that can be filtered using a filter membrane as described include: n-butyl acetate (nBA},
isopropyl alcchol (IPA), Z-ethoxyethyl acetate (2EEA), a xylene, cyclohexanone, ethyl lactate,
methyl isobutyl carbinol (MIBC), methyl lsobutyl Ketone (MIBK), isocamyl acetate, undecane,
propviene glycol methyl ether (PGME), and propviene glyeol monomethyl ether acetate
{(PGMEA).

{00761 To be useful for filtering a hiquid chemical, e.g., a solvent, a crosslinked
polvamide as described must be resistant to the higuid chemical that is being filtered, ¢.g.,
substantially resistant to degradation in the presence of these liguids. Preferred crosslinked
polyamide materials are resistant to a liquid chemical {e.g., solvent or acid) being filtered, and s

also effective to process the liguid chemical by filtration to produce a liquid chemical that has a
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very low level of uupurities such as dissolved metals, and very low level of suspended particles
or other impurities or contaminants.

{00771 The coated filter membrane can be contained within a larger filter structure such
as a filter or a filter cartridge that is used in a filtering system. The filtering system will place the
coated filter membrane, ¢.g., as part of a filter or filter cartridge, m a flow path of a liquid
chemical to cause the hiquid chemical fo flow through the coated filter membrane so that the
coated filter membrane is able to remove of impurities and contamimants from the higuid
chemical. The structure of a filter or filter cartridge may include one or more of various
additional materials and structures that support the coated filter membrane within the filter to
cause fhind to flow from a filter inlet, through the coated membrane, and thorough a filter outlet,
thereby passing through the coated filter membrane when passing through the filter. The coated
filter membrane supported by the filter structure can be in any useful shape, e.g., a pleated
cviinder, cylindrical pads, one or more non-pleated {flat) cyvlindrical sheets, a pleated sheet,
among others.

10078] One example of a filter stracture that includes a coated filter membrane in the
form of a pleated cylinder can be prepared to include the following component parts, any of
which may be included in a filter construction but may not be required: a rigid or semi-rigid core
that supports a pleated cylindrical coated filter membrane at an interior opening of the pleated
cvlimdrical coated filter membrane; a rigid or semi-rigid cage that supports or surrounds an
exterior of the pleated cylindrical coated filter membrane at an exterior of the filter membrane;
optional end picces or “pucks” that are situated at each of the two opposed ends of the pleated
cylindrical coated filter membrane; and a filter housing that includes an inlet and an outlet. The
filter housing can be of any useful and desired size, shape, and materials, and can preferably be
made of suitable polymeric materials.

{0079] Examples:

{G080] Porwsimetry Bubble Point

[0081] A porosimetry bubble point test method measures the pressute required to push air
through the wet pores of a membrane. A bubble point test is a well-known method for determining the
pore size¢ of a membrane.

{008Z] Flow ratc measurement

[0083] Isopropanol (IPA) flow rale was determined by culting membrancs into 47 mun disks and
wetting with IPA before placing the disk in a filter holder with a reservoir for bolding a vohune of IPA.
The reservoir is connected to a pressure regudator. [PA was flowed through the membrane under 14.2 psi
(pounds per square inch) differential pressare. Afler equilibrium was achieved, the time for 10 mi of IPA
to flow through the membrane was recorded.

{0084 Example #1
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{00851 This exanmple describes the preparation of 14 wi% polyamide stock solution. To a round
botiom flask equipped with a stir bar and a condenser, 14 grams of Ultraraid1C (BASF) resin were added
to 86g of 1-propanol {Sigma)/DI water mixture. The latter was prepared by mixing 20 mi DI water with
50 mi of 1-Propanol. The mixture was heated under refhux for 10 howrs unul all resin dissolved. The
resulting solntion was clear and free of undissolved solids.

{0086} Example #2

{00871 This example describes the preparation of polvamide coating solution

{0088] A solution was made containing 2g of Benzophenone (Sigma), 28.57g of the stock
solution prepared in Example 1 and 69.43g of Propanol: Water mixture solution (80:20 Vol%). Complete
dissolution of the Benzophenone occurred after continued mixing for 30 minutes.

{0089 Example #3

{6090} This example demonstrates the coating of UPE membrane with polyamide

{0091] A 47 mun disk of UPE (99 psi, HFE mean bubble point) was wet for 10 scconds with the
coating solution described in Example 2. The membrane disk was removed and placed between 1 mil
polvethviene sheets. The excess solution was removed by rolling a rubber roller over the
polvethviene/membrane disk/polyethylene sandwich as it lays flat on a table. The UPE membrane was
removed from the sandwich and immediately placed in deionized (D)) water, where it was washed by
swirling for 2 minntes o precipitate the coating solution on the surfaces of the porous membrane disk,
The membrane disk was removed and placed again between 1 mdl polvethylene sheets. The excess water
was removed by rofling a rubber roller over the polyethylene/membrane disk/polvethylene sandwich as it
lavs flat on a table. The polyethylene sandwich was then taped to a transport unit which conveyed the
asserably through a Fusion Systems broadbansd UV exposure 1ab unit emitting at wavelengths from 200
nm to 600 pm. Time of exposure is controlied by how fast the assembly moves through the UV unit. In
this example, the assembly moved theough the UV chamber at 8 feet per mumude. After emergiog from
the UV anit, the membrane was removed from the sandwich and immediately placed ina 60 wiSe
Isepropanol sclution containing 2.3 wt% HCL where it was washed by swirling for 12 hours. The coated
membrane disk was further washed in 100% Isopropanol solution by swirling for 1 hr. Following this
washing procedure the membrane was dried on a holder in an oven operating at 50°C for 10 min.

{0092] The average Isopropane! flow rate of six coated membrane disk samples was 5.1 ml/min.
The average flow rate of three samples of uncoated membrane tested was 6.2 ml/min. The average HFE
mean bubble point of six coated membrane disk samples was 96 psi.

{0093} Example #4

[6094] This example demonstrates the methylene blue dye binding capacity of UPE disks
prepared in the manner described in Example 3. This example further demonstrates that the process of
Example 3, when performed with the coating solution of Example 2, yiekds a UPE membrane than can
bind positively charged.

[0093] Three water wet 47 mm coated disk membranes of Exanple 3, were placed in a beaker
containing S0ml of 0.00075 wi% methylene blue dye (Sigma) adjusted to pH 10 with 10 M Sodium

18



WO 2019/212707 PCT/US2019/026697

hydroxide. The beaker was covered and the coated membrane disks were soaked for 2 hrs with
continuous mixing at room temperatore. The disks were then removed and the absotbance of the dye
solution was measured using a Cary spectrophotometer (Agilent Technologies) operating at 664 nm. The
membranes were rinsed in water and soaked in 50 mi of 100% Isopropano! for 30 min. This step desorbs
any non-specifically bound dye molecules to the membrane surface. Nonspecific adsorption refers to dye
molecules not bound to the coated membrane surface throngh electrostatic interactions. The membrane
disks were then removed and the absorbance of the isopropanol solution was measured using a Cary
spectrophotometer (Agilent Technologies) operating at 656 no.

[0096]  The slope of the calibration curves depicted in FIG. 1 and 2 were used to convert dye
solution absorbance data before and after soaking the membrane and Isopropanol solution absorbance
data to mass of Methylene blue dye bound o the membrane per membrane unit mass. The dye is cationic
in nature, and it bound to the negatively charged groups imparted to the membrane by the polvamide
coating with an average dve binding capacity of 1.4 puz/mg. In costrast, uncoated UPE membrase bad an
average dve binding capacity of 0.1 pg/mg under simdlar expenimeniat conditions.

{6097 Example #3

{0098] This example demonstrates the Ponceau-S dye binding capacity of UPE disks prepared in
the manner described in Example 3. This example further demonsirates that the process of Example 3,
when performed with the coating solution of Example 2, yiclds a UPE membrane than can bind
negatively charged dve.

{00991 Three water wet 47 mumn coated disk membranes of Example 3, were placed in a beaker
containing 50mi of 0.002 wt% Ponceau-S dye (Sigma) solution. The beaker was covered and the coated
membrane disks were soaked for 2 hrs with continuous mixing at room temperature. The disks were then
removed and the absorbance of the dye solution was measured using a Cary spectrophotometer (Agilent
Technologies) operating at 518 nm. The membranes were rinsed in water and soaked in 50 mi of 100%
Isopropanol for 30 min. This step desorbs any non-specifically bound dyc molecules to the membrane
surface. The membrane disks were then removed and the absorbance of the Isopropanol solution was
measured using a Cary spectrophotometer (Agilent Technologics) operating at 501 nm.

{0100} The slope of the calibration curves depicted in FIG. 3 and 4 were used to convert dye
solution absorbance data before and after soaking the mombrane and Isopropanol solution absorbance
data to mass of dye bound to the membrane per membrane unit mass. The dyc is anionic in nature, and it
bound to the positively charged groups imparted o the membrane by the pelyamide coating with an
average dve binding capacity of ¢.75 ng/mg. In contrast, uncoated UPE membrane had an average dye
binding capacity of 0.05 pg/mg under similar experimental conditions.

{G101] Example ffo

{01071 This example demonstrates the Methylene blue and Ponceau-5 dye binding capacity of
Nylon 6,6 membrane

{G103] One water wet 47 mm coupon of Nylon 6,6 merabrane with greater than 100 psi HFE
mean bubble point was soaked in 50 mi Methylene bluc or Ponceaun-s dyve solutions as described in
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Examples 4 and 5. The membrane bound Methylene blue with an average dve binding capacity of 5.4
pg/mg and Ponceau-s with an average dye binding capacity of 4.3 pg/mg.

{0104]  Example #7

{0105] This example demounstrates the Methylene blue and Ponceau-S dye binding capacity of
Nylon 6 membrane

{6106] One water wet 47 mm coupon of Nylon 6 membrane with 62 psi HFE mean bubble point
was soaked in 30 mi Methylene blue or Ponceau-s dye solutions as described in Examples 4 and 5. The
membrane bound Methylene blae with an average dve binding capacity of 1.4 ug/mg and Ponceau-s with
an average dye binding capacity of 10.7 pg/mg.

{0107] Example #8

{0108] This example deronstrales that a Polyamide coated UPE mermbranc is cleaner than
Nylon 6 membrane in terms of metal exiractable in low pH solution.

{0109] 47 mm disk of Nylon 6 membrane and 47 mum disk of the membrane prepared in
Example 3 were extracted in 0. 1N HCL ICP-MS was used to quantify the amount of metal extracted. As
depicted in Figure 5, 40 ng/om?2 of Mg extracted from Nylon 6 membrane compared to 0.4 ng/em2 Mg
extracted from Polyamide coated UPE membrane. Total metal extracted was 90 ng/em? and 33 ng/cm2
from Nvlon 6 and Polvamide coated UPE membranes, respectively.

{0110] Examplc #9

{0111] This cxample demonsirates that a Polvamide coated UPE membrane is stable in low pH
organic solvent.

{0112] Samples of UPE coated Polvamide merabrane were soaked in 60 wi% Isopropanol
solution containing 3.5 wi% HCI for a period of 9 days. The amount of Polyamide on the membrane
surfaces at time 0 and after soaking in the low pH orgagic solvent was determined by ATR-FTIR
{“ATR”) spectroscopy in the form of a peak ratic. ATR measurernents were performed with a Bruker
Tensor 27 FTIR fitted with ATR assembly housing a germanium crystal. All spectra were recorded with
32 scans, at 4 cm-1 resolution. Background was bare crystal. The peak areas at 1713 and/or 1496 cm-1
{corresponding to amide stretches) were obtained using OPUS data collection program and the sum was
divided by the total peak area at 2918 and 2850 cm-1 (corresponding to UHMWEPE stretches) to obtain
the grafted amount of acryl amide monomer on UHMWEPE (ultra high molecular weight polvethvlenc)
surface. Using the UHMWPE signal as a convenient internal standard normalizes out differences in
absolute absorbance intensities of amide peaks that could result from vanation in the level of modification
from one membrane disk to the other.

[0113] As depicted in FIG 6, the amount of Polvamide coated on the membrane surface did not
decrease after exposure to low pH organic solvent. This indicates that the polyamide coating will be
stable in photo applications like BARC, ITC and SOG that are acidic in nature.

{0114] Example #10

{0113] This example demonstrates that a Polyamide coated UPE membrane is stable in common

photoresist solvents.
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{01161 Samples of UPE coated Polyvamide membrane wete soaked in Cyclohexanone, OK73 and
ASF thinner (PGMEA 45-55%, HBM 35-45%, EL 3-15%) for a period of 5 days. The amount of
Polyamide on the membrane surface at time 0 and after 3 days of soaking in the organic solvent was
determined by ATR-FTIR ("ATR”) spectroscopy in the form of a peak ratio as described in Example 8.
As depicted in FIG 7, the amount of Polyamide coated on the membrane surface was essentially the same
before and after soaking.

{0117] Example #11

{0118} This example provides a comparison of concentrations of Benzophenone in coating
formulations.

{0119] A 47 num coupon of UPE membrane (HFE mean bubble point of 80 psi) was coated with
Polyamide according to the process described in Example 3 using a concentration of 3 wit% Ultramid1C
and 0.5, 1, or 2 wt% Benzophenone. After emerging from the UV unit, the membrane coupons were
removed from the Polycthylene sheets sandwich and immediately placed in soxhlet extractor containing
100% Isoproparocl. The extraction took place over a period of 24 hours. The amount of Polyanxide onthe
mentbrane surface at time 0 and after extraction in Isopropanol was determined by ATR-FTIR ("ATR™)
spectroscopy in the form of a peak ratio as described in Example %, As depicted in FIG 8, the amount of
Polyamide coated on the mendbrane surface decreased by about 43, 12 and 2% at the respective
Benzophenone concertation of 0.5, 1 and 2 wtYe.

{0120] Example #12

{012 1] This example dernonstrates the reduced on wafer defect count obtained when a
lithography solution was filtered through a filtration device comprising a membrane (UPE, 100 pst HFE
mean bubble point) coated according to the process described in Example 3.

{0122] Filter device was primed in TOK OK-73 solvent (PGMEPGMEA 70:30) and flushed
with 6 liters of the solvent. Lithography work was ran in an ASML 19701 with 1.35NA and a TEL
LITHIUS Pro-Zi track coat-develop System. A mask with sokely L45P100 patterns and full field exposure
was used for defectivity stady . Material PT-CAR AIMS484 (JSR}) coated on ARC-29SR-309 (BSI) was
used for the patterned defect study. Bare silicon wafers are coated with PT-CAR (AIM3484) resist on
ARC (ARC-295R-309). Wafers are exposed with a mask properties L43P100 patterns on full field
cxposure. Patterned wafers were measvred on the KLA29235 using standard recipe. Defects were reviewed
with the KLA eDR-7100 and classified

[0123] As depicted in FIG 9, The UPE membrane coated with Polyamide showed the lowest
defect count (best performance) with 61 compared to 9+1 and 20+1 for Nylon 6 (60 psi HFE mean
bubble point) and UPE membrane (100 psi HFE mean bubble point) respectively.

{0124} Esample #13

[0123] Solvent filiration example to remove nietal contaminants

{0126] UPE merabranc (HFE mean bubble point of 80 psi) was coated with Polvamide
according to the process described in Example 3 and cut into 47 mm membrane coupons. These

menbrane coupons were conditioned by washing scveral times with 10% HCI followed by soaking in
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10% HCl overnight and equilibrated with deionized water. For each sample, one 47 min membrane
coupon was secured into a clean PFA 47 min Single Stage Filler Asserubly (Savillex). The membranc and
filter assembly were flushed with IPA followed by application solvent. The application solvent was
PGMEA. The application solvent was spiked with CONOSTAN Oil Analysis Standard 8-21 (8CP
Science) at a target concentration of 3 ppb of each metal. To deternmine the filtration metal removal
efficiency the metal spiked application solvents were passed through the corresponding 47 mm filter
assembly containing each filter at 10 ml/min and the filtrate was coliected into a clean PFA jar at 100
mL., 150 mi, and 200 mL. The metal concentration for the metal spiked application solvent and cach
filtrate sample was determined using ICP-MS.

[0127] The results are depicted with a comparison to Nvlon 6 membrane (HFE mean bubble
point of 62 psi, conditioned in 0.35% HCL) in Total Metals Removal (%) in Table 1 and /ndividual Metal
Removal % ar 200 mi, Filtration in FIG. 10 (PGMEA). The UPE membrane with polyamide coating has
metal removal efficicncy comparable to Nylon 6 membrane. However, the UPE membrane coated with
polvamide shows tmproved Todividual Metal Remwoval for at least AL Ti, Cr, Mo, Fe, Ni, and Su, when

compared to Nylon 6 membrane.

Table 1
UPE coated with Polyamide ] Nylon 6
Application Selvent PGMEA
Filtration Volume
{mL) 1] 130 200 100 150 280
Total Metals
Removal (%) 68 64 62 71 62 60
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