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FLUID CIRCUIY WITH INTEGRATED E{..EC’R‘RGS'E'A TIC
DISCHARGE MITIGATION

CROSS-REFERENCE TO RELATED APPLICATION

{0601} This application claims the benefit under 35 USC 119 of US. Provisional Patent

Application No. 62/667 783, filed May 7, 2018, the disclosure of which is hereby incorporated

herein by reference i its entirety for all purposes.
TECHNICAL FIELD

{0002} Emboduments of the present disclosure are directed to fluid handling systems, and more

specifically, to ultra-pure fluid handhing systems with electrostatic discharge mitigation.
BACKGROUND

{0003} Floid bandling systeras offermg high purity standards have many uvses in advanced
technology applications. These applications mehude processing and manufactoring of solar panels,
flat panci displays, and in the senmiconductor tndustry for applications such as photolithography,
bulk chemical dehivery, chemical mechanical polishing (CMP), wet etch, and cleaning. Certain
chemicals used in these apphcations are particularly corrosive, prechiding the uvse of some
conventional fluid handling technology because of possible corrosion of the fluid handling
components and leaching of chenucals into the environment.

{3004} Tn order to meet the corrosion resistance and purity requirernents for such apphications,
fluid handling svetems provide tubing, fittings, valves, and other clements, that are made from
inert polymers. These mert polymers may mchide, but are not limited to, fluoropolvmers such as
tetrafiuoroethylene polvmer (PTFE), perfluoroafkoxy alkane polvmer (PFA), cthylene and
tetrafheorocthylene polymer (ETFE), ethyiene, tetraflucrocthyviene and hexafluoropropyiens
polvmer (EFEP), and fluorinated ethviene propyienc polvmer (FEP). In addition to providing a
non-~-corrosive and mert construction, many tluoropolvmers, such as PFA, are injection moldable
and extrudable. Several types of connector ftings, made from such polvmers, are available and
are known, such as PRIMELOCK® fittings, PILLAR® fittings, flared {fittings, and other fittings.
Exemplary fittings, for example, are iflustrated in UK. Patents Nos. 5.154.453; 6,409222;
6,412,832; 6,601,879; 6,758 104; and 6,776,440

{8005] Electrostatic discharge (ESD) is an important technical 1ssue for fluid handhing systems in
the seniconductor industry and in other technology applications. Frictional contact between fluids
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and surfaces of various operational componenis {¢.g. tubing OF piping, va!»ves“, fittings, filters, ¢te.)
m the fluid systermn can resalt m gencration and buildup of static electrical charges. The extent of
charge generation depends on various factors including, but not limited to, the natare of the
components and the fhuid, fluid velocity, floid viscosity, electrical conductivity of the fluid,
pathways to ground, turbulence and shear i liguids, presence of air 1o the fluid, and surface area.
These properties, and ways to nutigate the undesired static electrical charge caused by these
properties, are discussed and reported in NFPA 77, "Recommended Practice on Static Electricity”,
pp. 77-1 10 77-67. 2014,

{0006] Further, as the fluid flows through the system, the charge can be carried downstream in a
phenomenon called a streaming charge, where charge may buildup bevond where the charge
originated. Sufficient charge accunmmdations can cause ESD at the tubing or pipe walls, component
surfaces, or even onto subsirates of wafers at various proccss sieps.

{8007} In some applications, semiconductor substrates or wafers are highly sensitive to static
electrical charges and sach ESD can result in damage or destruction of the sabstrate or wafer. For
exampie, circuits on the substrate can be destroyed and photoactive compounds can be activated
prior to regular exposure due to uncontrolled ESD. Additionally, bwlt up static charge can
discharge from within the fluid handling svstem to the extertor environment, potentially damaging
components in the fluid handling system {¢.g. tubing or piping, fittings, components, containers,
fitters, otc ), that may lead to leaks, spills of fluid in the system, and dinunished performance of
components. In these sttuations, such discharge, may lead to potential fue or explosion when
flammable, toxic and/or corrostve fluids are used 1n the compromised fluid handhing system.
{8008} In some fluid handling systerns, to reduce the buildup of static charges, cortain metal or
conductive components in flaid handling svstem are grounded to mitigate the buildup of static
charge in the svstem as it continually disperses from the metal or conductive components o
ground. Conventional use of multiple grounding straps may lead to undue mechanical clutterina
fluid handling system, and may lead to a complex grounding system network requiring oxtensive
maintenance or a complex system that may lead to undesirable failure.

{8005] It would be desirable to improve ESD mitigation mn ultra-pure fluid handling systems for

mmproved component performance and reduction 1n potentially damaging ESD events.
SUMMARY

{08198} Onc or more embodiments of this disclosure are related to a fhud circuit in a fluid handling
systern with ESD mitigation. In one or more embodiments, the fluid circuit includes a plurality of

conductive operative components and tubing scgments.
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{0811} o certain crubodiments, a fluid circuit for a predeternuned fluid flow passageway {(such as
gases or hguids, or both) having at least one nlet and at least one outlet, the fluid circuit comprises
a plurality of tubing segments and a phurality of operative components, each operative component
comprising a body porfion with an mtemal fluid flow passageway and a plurality of tubing
counnector fittings, the operative components connecting the plurality of tubing segraents at
selected tubing connector fittings, the plurality of tubing segments and operative components
providing the fhad flow passageway through the fhud circait; wherein cach tubing segment
comaprises 1) a non-conductive polymer portion defining the fluid passageway and 1) one or more
mierior conductive fluoropolymer stripes extending axially to ends of each of the respective tubing
segments, wherein cach operative component body portion comprises a conductive fluoropolymer
that extends between cach of the plurality of tubing connector fittings, and wherein cach of the
tubing connecior fittings conductively connect the respective conductor of the body portion to the
nterior conductive fluoropolymer stripes of the tubing segment.

{8612} Other disclosed embodiments are methods of making an electrostatic discharge mitigation
fluid ctroutt for a predeternuned fluid flow passageway having at least one inlet and at least one
outlet comprising conductively connecting a plurality of tubing segments to aphurality of operative
components, each operative component comprising a body portion with an internal fluid flow
passageway and a plurality of tubing connector fittings, the operative components connecting the
plurality of tubing segments at selocted tubing connector fittings, the plurality of tubing segments
and operative components providing the flhuid flow passageway through the flnd circuit; wherein
cach tubing segment comprises 1} a non-conductive polymer portion defiung the fhud passageway
and 1) an one or more interior conductive strpes of conductive fluoropolymer that 1s bonded to
and uniform with the non-conductive polvmer portion extending axially 1o ends of cach of the
respective tubing segments, wherein each body portion comprises an conductive fluoropolymer
that extends between cach of the plurality of tubing connector fittings, and wherein cach of the
tubing connector fittings conductively connects the respective conductor of the body portion to
the at least one fnterior conductive fluoropolymer stripe of the tubing segment, and connecting the
electrostatic discharge mitigation fluid cirenit to groond.

{8613} o various cmbodiments, to provide a conductive pathway and fhud passageway through
the fluid cireuit, the operative components are connected by one or more tubing segments that
connect to the components at their respective tubing connector fittings. Suitable operative
components mclude, for example, valves, straight connectors, T-connectors, elbow connectors,
mulii~-connector manifolds, filters, heat exchangers, or sensars. Suitable sensors may include, for
example, flow controllers, regulators, flow meters, pressure meters, or variable area meters. Inone

or more embodiments, the body portion of the operative components may be bonded to and
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uniform with a conductive portion extending between the connector ﬁﬁings and the fluid flow
passageway.

{8014] In certain embodiments, the plarality of tubing segments cach inchide a non-conductive
polymer portion and one or more interior conductive flucrapolymer stripes extending axially with
the non-conductive polvmer tubing portion. The stripes of conductive fluoropalvaer of the tubing
segment conductively connect to the conductive pathway of the body portion at the tubing
connector fittings.

{8015} In one or more ermbodiments, each of the tubing connector fittings conductively connects
the conductive pathway of the body portion to the stripes of conductive fluoropolymer of the
tabing portion connected to the respective tubing connector fitting.

{08016} The above sumumary s not mtended to describe cach tustrated embodiment or every

implementation of the present disclosure.
BRIEF DESCRIPTION OF THE DRAWINGS

{6617} The drawings included in this disclosure dlustrate embodiments of the present disclosure
and, along with the description, serve to explam the principles of the disclosure. The drawings are
only illustrative of certain embodiments and do not limit the disclosare.

{0018} FIG. 1 depicts a fluid handling systers and fluid circedt, according to one of morg
embodiments of this disclosure.

{019} FIG. 2 depicts an operative component and connected tubing segments, according to one
or more embodiments of this disclosure.

{8024} FIG. 3 depicts an operative componcnt, a tubing connector fitting and fitting nut and tubing
segment, according to one or more embodiments of this disclosure.

{0821} FIGS. 4a and 4b depict side and pastial cross sectional views of an operative component
having a tubing connector fitting (FIG. 4a} and a tubing segment (FIG 4b), according o one or
more embodunents of this disclosure.

{8022] FIG. 5a depicts a cross-sectional view of an operative component, according (o one or

more embodiments of this disclosure.

{3023] FIG. 5b depicts a cross-sectional view taken at section line 5-1 of FIG, Sa.

{8024} FIG. 5S¢ depicts a cross~sectional view of an altemative embodiment taken at section line
5-1 of FI(3. 3a.

{0025] FIGS. 5d and Se depict cross-sectional views of altemative cmbodiments taken at section
ling 5~1 of FIG. 3a.

{026] FIG. 6a depicts an exploded isometric view of a filler having two end caps, according to

one or more embodiments of thas disclosure.
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{0027] FIG. 6b depicts an isometric view of a filier having two end caps, éxccerdmg 10 one O Mot
embodiments of this disclosure.

{B028] FIG. 7a depicts an exploded isometric view of a filter having one end cap, according o
one or more embodiments of this disclosure,

{8029} FIG. 7b depicts an isometric view of one end cap, according to one or more embodiments
of thas disclosure.

{0838] FIGS. 8a-8d depict isometric views of alternative embodiments of tubing segments of this
disclosure.

{0831] FIG. 9 depicts a digital image of a tubing segment of this disclosure.

o

{0632] FIG. 10 depicts an extrusion system of this disclosure.

p=9

{6033} FIG. 11 depicts a Faraday Cup apparatus used to tost to ability of different tubing segments
to generate static electrical charge.

{8034} The embodiments of this disclosure are amenable to various modifications and alternative
forms, and certain specifics have been shown, for example, o the drawings and will be described
mn detail. ¥ is understood that the intention is not to limit the disclosure to the particular
embodiments described; the imtention s to cover all modifications, equivalents, and alternatives

falling within the spirit and scope of this disclosure.
DETAILED DESCRIPTION

{3835] This disclosure reports erabodiments of a fluid bandling systemn with ESD nutigation
having a fhad flow passageway from a fhuid supply to one or more downstrearn process stages.
Emboduments of this system include a fluid circuit mncluding conductively connected operative
components and tubing segments. Conventional and some ESD mutigation fhad circuits are
reported, for example, in International patent application, WO 2017/210293, which is incorporated
herein by reference, except for express definitions or patent claims contained therein. Other ESD
mitigation fluid circuits are reported, for example, in an Entegris brochure, FLUOGROLINE
Electrostatic (ESD) Tubing, 2015-2017.

{036} Operative components in this disclosure refer to any component or device having a fluid
input and a flurd output and that connect with tubing for directing or providing for the flow of
fluid. Exanples of operative components mclude, but are not limited to, fittings, valves, filters,
heat exchanges, sensors, pumps, mixers, spray nozzles, and dispense heads. These and additional
aon-limiting examples of aperative components are ithustrated. for example, in U 8. Patents Nos,
5,672,832, 5.678,435; 5869766, 6,412,832, 5,601,879, 6,595,240, 6,612, 175, 6,652.008;

6,758,104, 6,789,781; 7.063,304; 7,308,932; 7383967, §,561.855; 8,689,817, and §,726,935,
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cach of which arc mcorporated herein by reference, exeept for express d@ﬁﬁiti ouns ot patent claims
contained in the listed documents.

{30371 The operative components may be constructed from condactive fhuoropolvmers including,
for example, perflucroalkoxy alkane polyvmer (PFA), ethvlene and teteafluoroethylene polymer
(ETFE), ethylene, tetrafluorocthylene and hexafluoropropylene polvmer (EFEP), tluorinated
cthylene propylene polymer (FEP), tetrafluorocthylene pfpolymer PTFE), or other sutable
polymeric materials. For example, in some embodiments the conductive flucropolymers are PFA
loaded with conductive material {e.g. loaded PFA}. This loaded PFA includes, but is not limited
to, PFA loaded with carbon fiber, nickel coated graphite, carbon fiber, carbon powder, carbon
nanotabes, metal particles, and steel fiber. In vanous embodiments, conductive materials have a
surface resistivity level less than about Ix10® ohms per square while non-conductive materials have
a surface resistivity level greater than about 1x10'° ohms per square. In certain embodiments,
conductive materials have a surface resistivity level less than about xi0° ohms per square while
non-conductive materials have a surface resistivity level greater than about Ix310° chms per square.
When the disclosed fluid handling svstems are configured for use w ulira-pure fluid handling
apphications, both the tubing scgments and operational components are typically constructed from
polymeric materials to satisfy purity and corrosion resistance standards.

{3038} Tubing segments in this disclosure typically refer to any flexible or infiexible pipe or tube
that is suitable for contamning or transporting fluid. Tubing segments are conductive, providing a
conduactive pathway along the length of cach tubing segrent in the flwid arreuit. Conductive tubing
may be constructed from materials inchuding metal or loaded polymeric material. Loaded
polymeric material meludes a polymer that 15 loaded with steel wire, alonusum flakes, nuckel
coated graphite, carbon fiber, carbon powder, carbon nanotubes, or other conductive material. In
some instances, the tubing segments are partially conductive, having a main portion constructed
from non-conductive or low conductive material, such as constructed from various hydrocarbon
and non-hvdrocarbon polymers such as, but are not lunted to, polvesters, polvcarbonates,
polyamides, polyimides, polvurcthaves, polyvolefing, polvstyrenes, polvesters, polycarbonates,
polvketones, polyureas, polyvinyl resing, polyvacryvlates, polvmethylacrviates and fluoropolymers.
Exemplary fluorapolymers inchude, but are not Himited to, perfluoraalkoxy alkane polymer (PFA},
othviene  tetraflucroethyviene  polyvmer (ETFE), cthylene, totrafhuorocthylene and
hexaflusropropyiene polymer (EFEP), fluorinated ethyvlene propyiene polymer {FEP), and
tetratluoroethyiene polymer (PTFE), or other soitable polymerc materials, and having, for
example, a sccondary co-extruded conductive portion. In certain cmbodiments the uwerior
Huoropolymer conductive stripe of the tubing segments has a width 1 the range of about 0.1-1

centimeter. In selected embodiments cach tubing segment has a length in a range of about 1-100
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feet. In other selected embodunents, the tubing segment has an outside diameter of about 1/8 1nch
to about 2 inches. In other embodiments the tubing segments have a measured resistance of about
1.2 x 10% - 6.7 < 10° ohm. In still other embodiments the tubing segments have a measured
resistance of about 2.5 - 4.3 x 10 chm.

{6635] FIG. | depicts a fhid handling systern 150 according to one or more cmbodiments of the
disclosure. The system 150 provides a flow path for fluid to flow from a fluid supply 152 {0 one
or more process stages 156 positioned downstream of the source of fluid supply. System 150
meludes a fluid circuit 160 which mcludes a portion of the flow path of the fluid handling system
150, The fluid circutt 160 includes tubing segrments 164 and a plurality of operative components
168 that are interconnected via the tubing segments 164, In FIG. 1, the operative components 168
inclade an clbow shaped fitting 170, T-shaped fitting 172, a valve 174, filter 176, flow sensor 178,
and straight fitting 179 However, in various cmbodiments the fluid circuit 160 can include
additional or fewer operative components 168 in number and 10 type. For example, the fluid circuit
160 could substitute or additionally mclude pumps, mixers, dispense heads, sprayer nozzles,
pressure regulators, flow controflers, or other types of operational components. In asserably, the
operative components 168 are connected together by the plurality of tubing segments 164
comnecting to the components 168 at their respective tubing connector fittings 186, Connected
together, the plurality of tubing segments 164 and operative componenis 168 provide a fhuid
passageway through the flud circuit 160 from the fluid supply 152 and toward the process stages
156, In certam embodiments, the operational components 168 each include a body portion 182
that defines fhad flow passageway and one or more tobing connector fittings 186, In some
cmbodiments, at least one of the tubing connector fittings 186 1s an inlet portion for receiving fluid
mito the body portion 182 and at least another one of the tubing connector fittings 186 18 an outlet
portion for outputting fluid received via the inlot portion. For example, T-shaped fitting 172
includes one tubing connector fiting 186 that is an indet portion that recetves fiuid from the fhud
supply 152 and two tabing connector fittings 186 which are outlet portions outputting fhud toward
the process stages 156, In certain embodiments, the miet portion and the outlet portion are cach
comtected or connectable to a tubing segment 164, However, in some embodiments, for example
where the operative components 168 in the fluid circuit 160 includes a spray nozzle, only the mlet
portion 1§ required to be connectable to a tubing segment 164, In some embodiments one or more
of the operative components 168 includes a single tubing connector or fitting 179

{0040] As dlustrated in FIG. 1, each body portion 182 &5 additionally constructed using a
conductive matenial to form a conductor portion that extends between and provides a conductive
pathway between ecach of the tubing counnector fittings 186, In various embodiments, the
condactive pathway 1s bonded to and uniform with the body portion 182 and s constructed from

-
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a conductive polymeric material, For example, in some erabodiments ﬁie conductor portion is
construcied from PFA loaded with conductive material. This loaded PFA includes, but 1s not
limited to, PFA loaded with carbon fiber, nickel coated graphite, carbon fiber, carbon powder,
carbon nanotubes, metal particles, and steel fiber.

{08041} As diustrated in FIGS. 2 and 3, tubing segments 164 are partially conductive, having a
main portion or tubing pornon 187 constructed from non-conductive or low conductive polvmeric
material and having a secondary portion or conductive portion 138 (indicated by dashed lines)
constructed from a conductive material that extends axially along the interior length of the tubing

portion 187, For example, v some embodiments, tubing segments 164 each nclude a tubing

portion 187 of a non-conductive flucropolvmer and conductive portion 188 formed as a stripe of
conductive polvmer extendmg axially on and bonded to a wmiform with the non-conductive
fluoropolymer main portion 187, In certain embodiments, tubing portions are constructed from
PFA with the one or more conductive stripes 187 of the secondary portion constructed from
carbon-foaded PFA that 1s extraded along the interior length of each of the tubing segments 164
at or near its iderior surface.

{B042] Each of the operative components 168, as illustrated m FHG.1, mcludes a bridging
somponent for conductively connecting the respective condactive pathway of the body portion
182 to the conductive portion 187 of the tobing segments 164 (shown in FIGS. 2 and 3) that are
connected to the operative components 168, As such, m certain embodiments the counceted
operative components 168 and tubing segments 164 form an electrical pathway along the cotirety
of the flwid circwnt 160, eliminating breaks in conductivity between the tubing segments 160. A
circuit diagram 190 is suporimposed over the fhud circuit 160 to illustrate the clectrical pathway.
fo various emboduments, conductive materials have a surface resistivity level less than about
110" ohms per square, while non-conductive materials have a surface resistivity level greater than
about IxI0 ohms per sqguare. In certain embodiments, conductive materials have a surface
resistivity level less than abowt Ix10° ohims per square, while non-conductive materials have a
surface resistivity level greater than about Ix10” ohms per square.

{8043} In certain embodiments, to mitigate static charge bwldup, one or more of the operative
components 168 are electrically connected to grouad 194 via one or more attachment fixtures 198,
The ground attachment fixtures 198 continuously disperse static charges as they build up n the
fluid circuit 160 by providing a pathway to ground 194 from the conductive pathway 190

{0044] FIGS. 2 and 3 depict examples of operative components 210 according to one or more
embodiments of this disclosure. FIG. 2 depicts an operative component 210 that is a fitting 214,
and, more specifically, 15 a three way connector having a "1 shape {¢.g. a T-shaped fiting). FIG.

3 depicts a valve 218, The T-shaped fitting 214 includes a conductive body portion 222 and three
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connector fittings 226 extending outwardly from the body portion 222.1;1 certain embodiments
the exterior surface of the connector fittings mcludes a structure surface 270, The vabve 218
mcludes a conductive body portion 230 and two connector fittings 227 extending outwardly from
the body portion 230, In certain embodunents the exterior surface of the connector fittings includes
a structure surface 270.

{8045} In vanous embodiments, connector fittings 226 and 227 are substantially the same design.
As described above, w various embodiments the body portion 222, 230 is construcied using a
conductive polymeric material. For examople, the body portion 222 or 230 can be constructed from
conductive carbon-loaded fluoropolymers including, but not limited to, PFA, ETFE, FEP, and
PTFE.

{08046] FIG. 4a illostrates a straight connector fitting 400 {o connect two tubing scgmonts.
Connector fitting 400 includes a shoulder region 402 adjacent a body portion 404 of an operative
component and extends outwardly to form a neck region 406, a threaded rogion 406a, and anipple
portion 406b. Tubing segment 164 1s received by the nipple portion 406b, which, in certain
crobodiments, may be configured, for cxample, as a FLARETEK® futing. Connector fitting 400
also mncludes an attachment feature 408 that is a conductive matenal that is conductively connectes
with the body portion 504 for attachment to an external electrical contact and then to ground. For
example. attachment feature 408 can be connected to an elostrical contact which is grounded in
order to configure the operative component connector fitting 400 for ESD putigation.

{8047} In the embodiment Hustrated in FIG. 4b, connector fitting 400 includes a connector fitting
out 410 for engaging to the threaded region 406a to secure tubing segment 164, In some
cmbodiments the fitting nut may be, for example, a compression mut. As the fitting nut 410 1s
rotated and tightened onto the threaded region 4064, tubing segment 164 engages the connector
fitting 30 that the interior conductive stripes conductively connected the conductive portion {o
nipple portion 406b, as well as forming a leak-proof seal between the tubing and the connector
fitting. In one or more cmbodiments, fitting nut 410 has a generally cylindrical shape having an
ntertor surface including threads 410a for mating with threaded region 406a. In addition, fitting
nut 410 may have a structured outer surface sach as, for example, ribs 270 Hustrated in FIGS. 2
and 3, where the ribs are symmetrically disposed about the exterior surface for mating with a
wrench or locking deviee for ightening or loosening of the fitting nut 410 on the threaded region
406a.

{0048] In one or more embodiments, the fitting nut 419 is constructed from a polymeric material.
For example, 1n certain embodunents the fitting nut 410 15 constructed from PFA, polvaniling, or

other suitable polymer.
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{0849} fn some erabodiments, the conuector fitting 400 s a conductive péiymer material, such as
carbon-loaded PFA, or other suitable conductive polymer, that is formed, for example, using
conventional molding processes.

{(50] In certain embodiments, when the connector fitting 400 is assembled with tubing segment
164, the fitting nut 410 comtacts the exterior surface of tubing scgroent 164 at the nipple forward
portion 406b and forms a continuous fluid passageway between tubing segment 164 and connector
fitting 400. When the fiting nut 410 15 rotated and tightened, O-ring 412 positionad between the
fitting mut 410 and the shoulder portion 402 contacts both the exterior surfaces of the fitting nut
and shoulder portion to provide a leak-proof counection.

{#651] In vanous embodiments, the Oring 360 1s constracted from polvmeric material, such as
PFA or other polviners or clastomers.

{00382} Those of skill in the art will appreciate that, while the specific embodiments tustrated 1o
FIGS. 2, 3 and 4 have identical connector fittings, m certain embodiments, the connector fittings
may have varving sizes, may have various designs, soch as step-down or step-up fittings, or may
be located on various types of operative components 219,

{B053] FIGS. Sa-5¢ illustrate several embodiments of an operative component 500, Operative
component SO0 includes a body portion 304, tubing connector fittings 520, and fiting nuts SO8.
in one or more embodiments, the operative component 500 additionally includes an operative
clement 506 m the body portion. The operative clement 306, in various cmbodiments, broadly
mehudes suitable structure, clectronics, or other materials for configuring the operative component
500 to perform various operations. For example, i some embodiments, the operational ¢lement
306 s a mixer, sensor, filter, pump, heat exchanger or other suttable clement. As such, the
operative component 300 is configurable to perform various processes or tasks within a fld
circuit.

{30384} The body portion 504 mcludes conductive PFA that extends between cach of the tubing
connector fittings 520 and forms electrical contact between cach of the tubing connector fittings
520 and the intenior conductive stripes of tubing scgments 522a and 522b, respectively. Depicted
fn FIGS. 3b and 3¢, in one or more embodiments, the conductive portions of the tubing segments
are narrow interior stripes of conductive material that is bonded o and vniform with the non-
conductive polymer matenal of the tubing segments. FIG. 5b illustrates a tubing segment with
four interior conductive stripes 524a-524d. In another embodiment, 5¢ llustrates a tubing scgment
with eight mterior conductive stripes 524a-524h. In still other embodiments, FIG. 3d ilustrates a
tubing segment with cight interior conductive stripes 524a-524h, and two exterior conductive

stripes 526a and 526b. In a similarly construction of a tubing segment with interior and exierior
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stripes, FIG. Se illustrates a tubing segment with cight intertor conducﬁvé stripes 324a-324hg, and
two exterior conductive stripes 526a and 526b.

{B058] As described above, m varicus embodiments the operative component 500 13 connected
with tubing segments 522a and 522b at cach of the connector fittings 508, The connector fittings
508 form an electrical pathway from conductive portions 322a and 522b of the tubing segments
through the connector portions SO8 and across the body portion 504,

{0856] In various embodiments, lustrated v FIG. 3a the body portion S04 mcludes an
attachment featurc 528 In one or more emboduments, the attachment feature 528 1s a piece of
conductive material that is conductively connected with the body portion 504 for attachrent to an
external electrical contact and then to ground. For example, attachment foature 528 can be
connected to an electrical contact which s grounded in order to configure the operative component
500 for ESD mitigation. In one or more embodiments, the attachment feature 528 15 a connector
boss which is threaded for attachment to a mut or other threaded connector. Tn some embodiments,
the attachment feature 528 15 a tab, a threaded hole, or other suntable feature for connecting {0 an
clectrical contact. However, i cortain embodiments, the attachment feature 528 can be configured
for mnterference fit, snap fit, friction fit, or other methods of fitting with an electrical contact.
{B087] FIG. 6a illustrates one embodiment of an operative component that s a filter. This tsomeric
view of a filter 600 meludes a housing 602, two conductive end caps 604 and 606, and outer
conductive sleeve 608, Housing 602 mehudes an interior filter clement (not shown) that in some
embodiments is a replaceable component; while in other embodiments is a fixed, non-replaceable
component. In various embodiments, housing 602 may be a polymeric material and in other
embodiments may be a conductive polymer such as, for example a conductive, carbon-loaded PFFA
as describe above. Both conductive end caps 604, 606 may be conductive materials such as, for
example, conduactive, carbon-loaded PFA. Each end cap 604, 606 mcludes fithngs for connecting
the end caps o housing 602, In some embodiments the connection may be removable, while in
other embodinments the connection may be fixed or pormanert. In addition, cach end cap 604, 506
include one or more connector fittings to connect cach end cap o tubing segments {(also not
shown}, described above, in order to provide both a connective pathway and a fluid passageway
from a tubing segment through one end cap and housing to another end cap and tubing segment.
o certam embodiments, the connector fitting mclades, for example, anipple portion 610, threaded
portion, 612, shoulder portion 614 and fitting nat 616, as described above, to provide a conductive
connection as well as a leal-proot passageway from tubing segments and filter 600. Further, the
connector fitting may include an O-Ring (not shown). Conductive sleeve 608 extends over the
exterior surface of both the housing 602 and conductive end caps 604, 606, The sleeve 608 1z a

conductive polymer material such as, for example, carbon-loaded PFA that provides a conductive
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connection between the end caps 604, 606. In some embodiments, sifss’ve 608 is a shonk wrap
polymer that may be placed over the exterior of housing 602 and end caps 604, 606 and connected
to the exterior surfaces by applying heat to the sleeve using conventional apparatus and process.
Optionally, one both of both end caps 604, 606 may include an attachment feature (not shown). In
one or more embodunents, the attachment feature is a piece of conductive material that is
conductively connected with one or both end caps 604, 606 for attachment to an extemal electrical
contact and then to ground. For example, attachment feature can be connected to an electrical
contact which 15 grounded in order to configure the fikter for ESD mitigation. In one or more
embodiments, the attachrent feature is a connector boss which s threaded for attachment to a nut
or other threaded connector. In some embodiments, the attachment feature 1s a tab, a threaded
hole, or other suitable feature for conmecting to an clectrical contact. However, in cerfain
embodiments, the attachment feature can be configured for interference fit, snap fit, friction fit, or
other method of fitting with an electrical contact.

{8038} In certain embodiments as illostrated 1 FIG. 6b, filter 600 mcludes a drain fitting 618 and
drain plug 620, When the drain fitting 618 and/or drain plug s a conductive material, one or both
of these componenis may be connected to ground to provide ESD mutigation.

{B058] FIG. 7a also illustrates one embodiument of an operative component that is a filter. This
isomeric view of a filter 700 inclodes a housing 702, a conductive end cap 704, and outer
conductive sleeve 708, Housing 702 mehudes an interior filter clement (not shown) that in some
embodiments is a replaceable component; while in other embodiments is a fixed, non-replaceable
component. In various embodiments, housing 702 may be a polymeric material and in other
embodiments may be a conductive polymer such as, for example a conductive, carbon-loaded PFFA
as describe above. Conductive end cap 704 may be a conductive material such as, for example,
conductive, carbon-loaded FYA. Conductive end cap 704 mchudes fittings for connecting the end
cap to housing 702, In some embodiments the connection may be removable, while in other
embodiments the connection may be fixed or permanent. In addition, end cap 704 includes one or
more connector fittings 710 to connect the end cap to tubing segments as described above, m order
to provide both connective and fhud passageways from a tubing segment through a conductor
fitting through the housing to asother conductor fitting and tubing segment. In certain
smbodiments, the connector fittings nclude, for example, a mipple portion, threaded portion,
shoulder portion, and fitting mud, as described above, to provide conductive connections as well as
a leak-proof fluid passageway from tubing segments 164 and filter 700. Further, the connector
fitting may include an O ring (not shown). Conductive sleeve 708 extends over the exterior surface
of both the housing 702 and conductive ¢nd cap 704. The sleeve 708 is a conductive polvmer

material such as, for example, carbon-loaded PFA that provides a conductive connection between
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the end cap 704 and the exterior of filter 700. In some embodiments, slcévc 708 1s a shrink wrap
polymer that mav be placed over the exterior of housing 702 and end cap 704 and connected to
the exterior surfaces by applving heat to the sleeve using conventional apparatus and process.
Optionally, end cap 704 mav include an attachment feature (not shown}. In one or more
embodiments, the attachment featwre 15 a picee of conductive material that 15 conductively
connected with end cap 704 for attachment to an extemal electrical contact and then to ground.
For example, attachment feature can be connected to an electrical contact which is grounded in
order to configure the filter for ESD nutigation. In one or more embodiments, the attachment
feature 1s a convector boss which s threaded for attachment to a nut or other threaded connector.
in some embodiments, the attachment feature s a tab, a threaded hole, or other suitable feature for
conngcting to an olectrical contact. However, in cortain embodiments, the attachment featare can
be configured for interforence fit, snap fit, friction fit, or other method of fitting with an clectrcal
contact. In certain embodiments, filter 700 mcludes a drain fitting 718 and drain plug (not shown),
When the drain fiting 718 and/or drain plog is a conductive material, one or both of these
components may be connected to ground to provide ESD mitigation. FIG. 7a also tHustrates an
optional retainer clamyp that includes clamping elements 721, 722 and 723,

{6060} FIG. 7o illostrates an embodiment of an end cap 704 that imchudes a condactive polvmer

portion 730 and a natoral polymer portion 732

Co-extrusion Process

{0061} Tubing segments having conductive polymer stripes set out in this disclosure may be made
using a varicty of co~extrusion process. For example, the tubing segment 800a dlustrated n FIG.
8a includes conductive stripes 802a and 804a on the exterior or outside diameter of the tubing
segment and conductive stripes 806a on the mterior or nside diameter of the tubing segment. In
another embodiment, FIG. 8b itlustrates tubing segment 800b having conductive stipes 802b on
the totertor of the tubing segment that arc spiral stripes that extend along the axially length of the
tabing segment. In another embodiment, FIG. 8¢ illustrates tubing segment 80{c having
conductive stipes 802c and 804¢ on both the exterior and interior of the tubing scgment that are
spiral stripes that extend along the axaally along the length of the tubing segment. in still another
embodiment, FIG. 8d illustrates tubing segment 300d having conductive stipes 802d on the
exterior of the tubing scgment that are spiral stripes that extend along the axially along the length
of the tubing segment.

{8062} FIG. 9 15 a digital image of a tubing segment 900 that includes eight interior stripes, the
black stripes in the image, on the tenor of the tubing segment. This digital image shows the
mterior stripes are bonded to and uniform the other portion to the tubing segment.

a0
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{0863} FIG. 10 15 a digital image of an extrusion apparatus that providcs one or more tubing
segments set out in the disclosure. FIG. 10 shows a non-conductive exiruded polvmer (PFA) feed
1000 and a condactive extruded polymer (PFA/carbon black polymer) feed 1010 thatare fedin a
perpendicular manner to a tood 1020 that extrude stripes 1030 on the inner diameter of the tubing
segment 1050 as well as on both the nser and outer diameters of the tubing segroent. Those skilled
in the art would readily determine the specific extrusion parameters that would provide the tubing
segment having conductive stripes that are bonded to and wniform with the non-conductive

portions of the tubing scgment.
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{08064] This example measured the amount of static electricity generated by flowing detonized
water the tubing segments that included the conductive and non-conductive materials set out in
Table 1, below. The measurement of static electneity was made osing known methods for
collecting and measuring generated charge in a Faraday cup.

{0065] FIG. 11 15 a digital image that shows Faraday cup apparatus 1100 used m this example.
Briefly, deionized water 1110 1s passed through an operative element 1130 and grounded tubing
segment 1120 and then collected in a Faraday cup. The Faraday cup 1150 included a cover that is
not show in the image when the data was collected for this example. Exemplary data provided by
the tmaged data is sot out in Charts 14, below,

{8066} Charts T and 2 graphically llustrate the difference in static charge generation between a
PFA tubing segment and a stainless steel (§5) tubing segment having the same diameter uwader

than same flow conditions. The PFA tubing scgment gencrated substantially more static charge

{about 1600 nC) compared to the static charge generated by the 88 tubing segment {about 80 nC).

&
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Chart 2

{8067] Charts 3 and 4 graphically illustrate the difference in static charge generation between a
PFA/nner and ocuter diameter stripes tubing segment and a PFA/inner diameter steipes tubing
segment having the sarae diaroeter under than same flow conditions. PFA/inver and outer diameter
stripes tubing segment generated less static charge (about 43 o) compared 1o the static charge

generated by the PFA/inner diameter stripes tubing segment (about 115 nC).

Chart 3

Chart 4
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{6668} Table 1 summarizes the measured amount of static electriciiy generated by varnious tubing

segments tested n this example. These results are also graphically displaved i Chart 5.
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Chart 5
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{8069} The descriptions of the various embodiments of the present disclosure have been presented

for purposes of ifhustration, but are not intended to be exhaustive or limited to the embodiments

disclosed. Many modifications and variations will be apparent to those of ordinary skill in the art
without departing from the scope and spitit of the desentbed embodunents. The terminology used
herein was chosen fo explain the principles of the embodiments, the practical application or
techuoical improversent over techuologies found in the marketplace, or to enable others of ordinary

skill n the ant to understand the emboduments disclosed heremn.
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CLAIMS

What is claimed is:

1. A fluid circuit for a predetermined fluid flow passageway having at least one inlet and at least
one outlet, the fluid circuit comprising:

a plurality of tubing segments and a plurality of operative components, each operative
component comprising a body portion with an internal fluid flow passageway and a plurality of
tubing connector fittings, the operative components connecting the plurality of tubing segments
at selected tubing connector fittings, the plurality of tubing segments and operative components
providing the fluid flow passageway through the fluid circuit;

wherein each tubing segment comprises i) a non-conductive polymer portion defining the
fluid passageway and ii) an one or more interior conductive stripes of conductive fluoropolymer
extending axially to ends of each of the respective tubing segments, and

wherein each operative component body portion comprises a conductive fluoropolymer
that extends between each of the plurality of tubing connector fittings, and

wherein each of the tubing connector fittings conductively connects the respective
conductor of the body portion to the one or more interior conductive stripes of the tubing

segment.

2. The fluid circuit of claim 1, wherein the plurality of operative components includes any one of
a valve, a straight connector, a T-connector, an elbow connector, a multi-connector manifold, a

filter, a heat exchanger, or a sensor.

3. The fluid circuit of claim 1, wherein the operative component is a valve comprising a body

portion having a fluid passageway valve to adjust flow through the fluid passageway.

4. The fluid circuit of claim 1, wherein the tubing connector fittings have one or more inlet
portions comprising a male nipple portion and a fitting nut, the male nipple portion having a
threaded portion for engaging the fitting nut, where the fitting nut engages a conductive
fluoropolymer of the operative component with the interior conductive stripes of a tubing
segment end to conductively connect the conductive fluoropolymer and the interior conductive

stripes of the tubing end.
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5. The fluid circuit of claim 1, wherein one or more of the operative components comprises an
attachment feature that conductively connects a conductive polymer of the respective operative

component to ground.

6. The fluid circuit of claim 1, wherein the operative component is a filter comprising a body
portion having a housing with a fluid passageway, a filter element and two conductive end caps
with tubing connector fittings and conductive fitting nuts to conductively connect tubing
segments connected to the filter, wherein the body portion has conductive exterior stripes to

conductively connect the end caps.

7. The fluid circuit of claim 1, wherein the operative component comprises a filter having a
conductive sleeve conductively connecting two conductive end caps to the exterior of the body

portion.

8. The fluid circuit of claim 1, wherein the operative component is a filter comprising a body
portion having a housing with a fluid passageway, a filter element and a single conductive end
cap with tubing connector fittings and conductive fitting nuts to conductively connect tubing

segments connected to the filter.

9. The fluid circuit of claim 1, wherein the operative component is a filter having a conductive

sleeve to conductively connect a single end cap to the exterior of the body portion.

10. The fluid circuit of claim 1, wherein each of the plurality of operative components are

conductively connected together.

11. The fluid circuit of claim 1, wherein each of the plurality of operative components are
conductively connected together through the one or more interior conductive stripes of the

tubing segments.

12. The fluid circuit of claim 1, wherein the tubing segments have a measured resistance of

about 1.2 x 10*- 6.7 x 10° ohm.

13. The fluid circuit of claim 1, wherein the non-conductive polymer portion comprises
perfluoroalkoxy alkane (PFA) polymer and the one or more interior conductive stripes comprise

carbon-loaded PFA.
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14. The fluid circuit of claim 1, wherein the one or more interior conductive stripes comprise

spirals.

15. The fluid circuit of claim 1, wherein the one or more interior conductive stripes comprise

four stripes.

16. The fluid circuit of claim 1, wherein the one or more interior conductive stripes comprise

eight stripes equally distributed around a perimeter of the fluid passageway.

17. The fluid circuit of claim 1, further comprising a conductive stripe located on an outer

surface of the fluid circuit.

18. A fluid circuit defining a flow passageway for a fluid from a fluid supply toward a process
stage, the fluid circuit comprising:

a plurality of tubing segments and a plurality of operative components, each operative
component comprising a body portion with an internal fluid flow passageway and a plurality of
tubing connector fittings, the operative components connecting the plurality of tubing segments
at selected tubing connector fittings, the plurality of tubing segments and operative components
providing the fluid flow passageway through the fluid circuit;

wherein each tubing segment comprises i) a non-conductive polymer portion defining the
fluid passageway and i1) 2 or more interior conductive stripes of fluoropolymer extending axially
to ends of each of the respective tubing segments,

wherein each operative component comprises a body portion comprising a conductive
fluoropolymer that extends between each of the plurality of tubing connector fittings,

wherein each of the tubing connector fittings conductively connect the respective
conductor of the body portion to the at least one interior conductive strip polymer of the tubing
segment, and

wherein a path to ground is provided that extends through each operative component and

each tubing segment.

19. A method of making an electrostatic discharge mitigation fluid circuit for a predetermined
fluid flow passageway, having at least one inlet and at least one outlet comprising:
connecting a plurality of tubing segments to a plurality of operative components, each

operative component comprising a body portion with an internal fluid flow passageway and a
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plurality of tubing connector fittings, the operative components connecting the plurality of
tubing segments at selected tubing connector fittings, the plurality of tubing segments and
operative components providing the fluid flow passageway through the fluid circuit;

wherein each tubing segment comprises i) a non-conductive polymer portion defining the
fluid passageway and ii) an one or more interior conductive stripes of fluoropolymer extending
axially to ends of each of the respective tubing segments,

wherein each body portion comprises an conductive fluoropolymer that extends between
each of the plurality of tubing connector fittings, and

wherein each of the tubing connector fittings conductively connects the respective
conductor of the body portion to at least one interior conductive fluoropolymer stripe of the
tubing segment, and

connecting the electrostatic discharge mitigation fluid circuit to ground.

20. The method of making the electrostatic discharge mitigation fluid circuit of claim 19,
wherein the plurality of operative components includes any one of a valve, a straight connector,
a T-connector, an elbow connector, a multi-connector manifold, a filter, a heat exchanger, or a

Sensor.
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