POANERED CARTRI DGES AND OTHER DEVI CES W THI N HOUSI NGS
BACKGROUND OF THE | NVENTI ON The use of w rel ess
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to identify the specific components that comprise any
particular assembly or finished product.

In addition, the use of RFID tags has also been
advocated within the drug and pharmaceutical industries. In
February 2004, the United States Federal and Drug
Administration issued a report advocating the use of RFID
tags to label and monitor drugs. This is an attempt to
provide pedigree and to limit the infiltration of
counterfeit prescription drugs into the market and to
consumers.

Since their introduction, RFID tags have been used in
many applications, such as to identify and ©provide

information for process control in filter products. U.S.



the use of "electronic labels" in conjunction with
filtering apparatus and repl aceable filter assenbli es.
Specifically, the patent discloses a filter having an
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equi pment dat abase exi'sts. i s dat abase contains
rephalddaplle firlackabl e events and can supply infornmation
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enumerated as cleaning dates, and batch process dates. The
publication also discloses an RFID reader that 1is
connectable to a PC or an internet, where a process
equipment database exists. This database contains multiple
trackable events and can supply information wuseful in
determining “a service life of the process equipment based
on the accumulated data”. The application includes the use
of this type of system with a variety of process equipment,
such as valves, pumps, filters, and ultraviolet lamps.
Another patent application, filed by Jornitz et al and
published in 2004 as U.S. Patent Application Publication
No. 2004/0256328, discloses a device and method for

monitoring the integrity of filtering installations. This



publication describes the use of filters containing an
onboard nmenory chi p and comuni cati ons device, in
conjunction with a filter housing. The filter housing
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Incorporating a power connector in the filter element
to connect to a suitable mating connector in the housing
may be problematic. Such a solution requires mating
connectors that are capable of tolerating extreme
conditions, such as temperature (particularly during
molding and steam cleaning), and fluid flow. Therefore,
issues such as the quality and integrity of the seal
between these connectors may be suspect.

Thus, there 1s a need to reliably provide power to
devices, such as filter elements, enclosed in a housing
without sacrificing quality and safety, and without having

to add new materials particularly where wetted surfaces are

involved.



3 SUMVARY OF THE | NVENTI ON The shortcom ngs of the
prior art are overcone by the present invention, which
descri bes a system and nethod for supplying electrica
power to a device, such as a filter elenent or an
el ectrical conponent thereon, located within a
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second coil 1is positioned in the filter element. Current is
then passed through the coil in the housing base. Through
induction, a current is created in the second coil in the
filter element, in much the same way as a transformer
functions. This transfer for power requires no physical
electrical connection and also places no limits on the
amount of power that can be induced in the filter element
coil. In a second embodiment, the filter element comprises
tangential flow filtration (TFF) cassettes, and one or more
coils are placed within the cassettes to achieve the same
result. The inductive field may interfere with the
operation of the wvarious electronic functions, such as

communications, sensing or other activities. To overcome



this issue, an energy storage conponent, such as a
capacitor, is included in the filter electronics. In
this way, the power generated by the inductive field
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Figure 5 illustrates a second embodiment utilizing TFF

cassettes; and

Figure 6 illustrates a graph showing the interaction

between the inductive field and the functioning time.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates a representative filter housing
base 10 and an associated filter element 20. In the
embodiment shown, the base and filter element are that of a
device Cartridge Filter and Series 3000 Housing,
commercially available from Millipore Corporation. The
filter element has a membrane, through which materials are
passed, and the corresponding structure or frame necessary

to support this membrane. Surrounding this assembly is



omtted fromFigure 1 for clarity. Housing base 10
typically contains one or nore matabl e portions, such
as cavities 30, each adapted to mate with and hold a
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housing base.

In a preferred embodiment, an electrically conductive
coil 60 is embedded in the housing base 10, circumscribing
the cavity 30. This coil is preferably constructed from
electrically conductive material, in the form of a wire and
wound  to form a coil. In accordance with known
electromagnetic theory, the greater the number of windings,
the greater the amount of power that can be transmitted.
Preferably the coil is embedded in the housing such that it
occupies an area corresponding to the surface area of the
cavity. In other words, the coil extends the entire length

of the cavity wall, as shown in Figure 1. Alternatively, a



scope of the invention. A simlar coil is also enbedded
inthe filter elenment. As stated above, in the
enbodi mrent shown, the matable portion of the filter
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the filter element is properly seated in the cavity, the
two coils will preferably be concentric with one another,
thereby preferably defining two <concentric cylinders,
thereby maximizing energy transfer. The distance between
the coils is important, and therefore it 1is preferable to
minimize that spacing.

Another embodiment uses methods to extend or otherwise
redirect the magnetic field, such as using an iron core.
The insertion of magnetic material coaxially or magnetic
shielding outside the coils allows the embodiment to be
optimized for the transfer of powerA and/or reduction of
interference with outside electrical components. For
example, 1in one embodiment, the use of an iron rod within

the receiver coil (such as in the TFF embodiment described



anot her enbodi nent, magnetic shielding may be used to

reduce or elinmnate electromagnetic interference, or to

conply with em ssion standards, such as those provided

by governnent agencies, Both cojls shown_.in Figure 2
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A power distribution circuit drives the coil within
the housing base, which is also known as the transmission
coil. This circuit supplies an AC current or voltage to the
transmission coil. Methods of producing such a current or
voltage and driving a coil are well known to one skilled in
the art and will not be described herein.

The filter element may contain a circuit to regulate
the induced voltage. As previously stated, a voltage 1is
induced in the coil of the filter element, which is also
known as the receiver coil. The voltage is dependent on the
number of turns for both the receiver and transmission
colls and the voltage across the transmission coil. In one

embodiment, these values are selected such that the voltage

induced at the receiver coil 1is directly usable by the



circuitry contained in the filter elenent. In another

enbodi ment, this voltage is regul ated. Voltage

regulation is known to those of skill in the art and
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element. This allows the filter element to perform onboard
calculations and other operations and could, for example,
calculate test specifications based on the housing
configuration. Other possible devices include wireless LAN
devices, such as BlueTooth® or Wi-Fi® components.

As stated above, 1in the preferred embodiment, the
receiver coil 1is located in the smaller open end of the
filter element, while the electronic components are
embedded in the closed end of the filter element. One or
more wires, preferably embedded in the plastic casing of

the filter element, carry the power signals from the coil

to the electronic components.



9 Wiile the previous enbodi nent assunes that the
housing base is created with the coil enbedded init,
this is not a requirenent of the present invention.
Retrofitting existing housing bases can be don

e as .,
welWhillen the soeambiotismeioodamesrmPESPRger thapr éFér g‘&%ﬁlng
constructed from,pl.astig,: i diw thinithe gavidor

bass ]t%ec%%%s'%gw rgaﬂé:)e&lel t(:%ils::L %BP‘é?g[?gbﬁy tEe heilght of ?

redier SRt YoRNthé Spaedwld dwveryliiondr Redlroshape ngwerhist 1ng
this insert is the transmssion, cqil, wth one.or nmpre
howgi s eXFEF nGaPorPC ottt Fon"Edta Povet Solifees The

|nsert,ds.pl aced mitHin theneavikyeas rebawnpilaskiigure is
. Sm%%ﬁ I nl%énezr&é'nbodi ment, tyhe di mnensions of the insert_ are
sesdd i oiigntilny sl | ceMatyt hef fither gt Eave-stilli 1S

be itigned in.the insert, Si Lt he fidter, ele
Pfeiﬁ’s‘*p%és}ket “or h(3lrgih(r%1gsO hatfh%re etti blag,d t ELeS slai gﬁt%tllow
cyTBAUCtd-0n bRagayvi ytdiamehes doesrmotiprebbudeartsaission

filter element fromfitting within the hollow.insert =
coily anbthePlCerffodiieht V1ERe REUSTRY B&le T¥ Hodi tied" o

poWsr tQ k?‘é[ﬁ?asﬁle t hgsdiameteryofcdshey cayid ychlen tavsty as
way, fhe T nsert occupi es the volune that previously
shovas parrigird he. hbusinm emsasémeptef éhgblymengd oRSuSitng e

base 1 alsg ol ed Lo, nelyde 3 feedkiOugh.0nt ot

ingqid Wit es SH t ransmi ssion coil can pass

st 11T algh & hier hasey tin athe appeopri atiecei toei tfilAkirheugment
descri bed above in reference to cylindr.ical flhlter " oht
hag heygrrtedent dmvEenEieasi stibal 358 appils % t &%t Fert?

es of . filter,el enents.as ekl nJorpexammle, the filter
re‘{%cgtgleon i%ﬁt‘ f g\}vtgilters ?TFF) garllf1 al s% i ncorporate the
cldqmasenfrémventiong Astishovirne nh@l it eldserfone dp wogher

eri s T 11° HEP T TpATRr W R b HOTHere (Rt CCshogmy o

nad Nie helder typi galel ycaonsy st siof thipl atevat elhteherinsert
occupies the volume that previously was part of the housing
base. Preferably, the housing base 1s also modified to
include a feedthrough so that the wires required by the
transmission coil can ©pass through the Dbase to an
appropriate circuit.

Although described above in reference to cylindrical
filters, the present invention is equally applicable to
other types of filter elements as well.

For example, tangential flow filters (TFF) can also
incorporate the present invention. BAs shown in Figure 4,
one or more TFF filters, or cassettes, 100 are typically
arranged 1in parallel, held together with a holder (not
shown). This holder typically consists of a plate at either

end of the TFF configuration, with fastening mechanisms,
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end of the TFF configuration, with fastening
mechani sms, 10 such as bolts or clanps, passing
t hrough the plates and the cassettes, thereby hol di ng
the entire systemtogether. Preferably i ndent ati ons,
sugh ots b@lgﬁo@Vteimgsar@a$ﬁﬂQﬁxﬁhH¢HQht¢h€TF¥869§séﬂﬁe§he
s toh d them it e
Ca??%ﬁ%%135|%% COI skéﬁggg aged ent?ggthgpggége bg%Q%er'
préhatagonpr esgeandthohd, t BeoTEFF orcagseites 100 Ienrepl aceded
The transm ssion coils are preferably |ocated in a

intg dove CrieatatP el idify Stheselgelstd FhelplatBOSEAEPRY t he
opef}, s dﬁ*@ eﬁl?wﬁng%seéﬁf exoa%sm@ssiorp%lié pref ergbbveq

encased in plastic I's nolded into the groove.
intkhe Ehectendal phtes tfiatt powerpddses tarahsmiskd ontiei | TEE
can be passed throu a hol he end | at e,
iy T orid orft Sy, Tihe FECBRUGPSEBRI o GO0 %r 27
d;sugbcbhaa tiei L gE@d%é akraxksdi s ef ecabl edge of
per cular to the end plates. The coil 120 is
th@prlé @*fa%lbl Japardl Itée memhewdrﬁ e&rhatheneaseaiécand§s This
co Vﬁ gf@gagi(}? Q}Jiéagsr Qeci & Qec J %lﬁ.%lh lgjrlﬁéf{i@tgl Ynto
% elver im‘close” proxim

thdﬁheg&b@W&ﬂlSSThB coeleeﬂrﬁrQJto &ﬁ&eet htght pomewer  the
transm ssi on. ure 5 shows ong such enbod£nent

t rapdHe sind r%%Je]rv fNcBRI Pagsdatbrrbfled i MPLSt HE dutRerend

plaver il dgq Jacket n130mkNodnd PoRd y On outside of the
typically fluid path. To |nprove the induction between

coills, theedueks @@rﬂdoeM@su@md rda casl tsupht erhatk.thealir

th ds, th 120 of h
cerar Gt ind S HIL BAUHs EeTSRA PO bnd Coft he 1 PTates.
TheCassatit e.120Thi 5s t apesedeng t herafilks | Rd heHwl eidddrnal

within the coil of the adjacent cassette.
menirEgen A el §, wered catPWnE amHeCURDT deddgoCas thst tarket.

pre%’étr%%%bey%% the casset t@élf °r1ﬁﬁ5%s°f BRSEMIY, andh ose
usage. “I'n anot her "enmbodi nent i &
proximity to the transmission c01l so as to affect high
power transmission. Figure 5 shows one such embodiment,
where the receiver coils 120 are molded into the outer
overmolded jacket 130 in a location outside of the
typically fluid path. To improve the induction between
coils, the coils can be designed so as to interlock. 1In
other words, the coil 120 of one cassette may have a
tapered end that extends beyond the end of the cassette.
This tapered end then fits in the hole 140 within the coil
of the adjacent cassette. Alternatively, the coils can be
molded so as not to extend beyond the cassettes for ease of
assembly and wusage. In another embodiment, a magnetic

member such as a rod is inserted through the holes 140 of

the various receiver coils to improve the energy transfer.
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menber such as a rod is inserted through the holes 140
of the various receiver coils to inprove the energy
transfer. 11 In another enbodi nent, shown in Figure 6,
the receiver coil 120 is enbedded in the outer

oV A THEN § T cREOHIE G SPReNTER daskBtd 0/ THee receiver
co?ﬁﬁﬁ%?eaicghheéggd §n!938t§9t59 Eggrmgﬁhgﬁ‘?ggggyd?§o of

0, and IS oriented perpendicul ar
thdrnEHrmﬁ5$mw¢maneThénret@ﬁvemocdSl P8 dentlrealataed sini she
ane. As, can be seen

parallel to the |nternﬁ£ <£ ' 1
Ut R BOIIRS | oLkt o) s SRR cS b o EEe g 1ax
tot{Eé T syst emrhs-iM | y1assenbl edordbe tianshd sskHN axis

coil is then placed in proximty to, or against, this

is optealjatker 139 totendatempoweenien the TER be seen in

. f b] nb
FIGRR e (BT FRCTRET BT atbtel n oGP eRP P ey t 6 gy Whieh fene

TFFRAgayBstn tihe eutey jackebledn The Q:&%l@ls&h&fsa_dﬁﬂ tioplle is
TFF cassettes 100 are stacked together, nultip
thepr gHsAfessi Bh BBPYENERN B uRF| pgednstal ttélrlﬁatq%ﬁ/ jacket

13dn“E?p|§n%%bES %%%é%’plﬁceQH@ttﬁfFa-SPQQE%raBU§turethls

mul tiple fixtures, each containing a S|ngle
tramalrdlssaan hmﬂseﬁstemlsel@qi)éq/ power at of iedotreof thhe is then

casseftes. Wiile this application describes c I|n r|ca
Plagad TRE DFPFLEICY| dfent®  tHe PRyenthon T8 Ho In

thel | BhEBA. wABYe Trhbiernp 1@l ement, c1eg9af dbess: o sempe s €ddlced
be self powered by 'placing a powered transm ssion coi

todiefiheel, at muéltypéEoséramwwqry tapid s ecwirverPoiytilized.
Alt%%ﬁt%lne mn%ﬂh@l%$%efll£gr ggepﬁacggc 1%%%% a single

tionY6clurs above® types ar
fixsaply Flihustpatineloiplide ﬁl(}ﬁﬂﬁ‘dsf t kech n\zﬁﬂtﬂammlmd a
are not neant to limt_ it to only these enbodlnents
sinppearftider eaBodicnehted cBm@uapéyl RBIedtRi t9R ©f the

casG@ppegtors used to interconnect conpletely disposable

While this application describes cylindrical and TFF
filter elements, the invention 1is not so limited. Any
filter element, regardless of shape, can be self powered by
placing a powered transmission coil in relatively close
proximity to a receiver coil contained within the filter
element, such that induction occurs. The above two filter
types are simply illustrative of the scope of the
invention, and are not meant to limit it to only these
embodiments.

In another embodiment, coils are inserted within
connectors used to interconnect completely disposable
filter housings to the supply tubes or other components.
The transmission coil is preferably formed into the outer

connector, while the receiver <coil 1is formed in the
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filter housings to the supply tubes or other
conponents. The transmission coil is preferably forned
into the outer connector, while the receiver coil is
formed in the 12 disposable filter housing. These

di sprneeté oﬁél’sénphbflyiltl@e WheiSﬁg woherg ifagrs simplify the

.transn1@ f to a. Lk Since, f|UI %ﬂ“”f since
VBt PIC Sf“eu n e?c&ﬁﬁélé{“é ai gbeD st j8intly.” '
fleddi $h@ne 1 St heLcd hei el @eddnnedt sCeddd aads fadetly. 1In
wi thout the use of wires, this nethod reduces the risk
ad@d¥t1qihs afil- RERY tEGNt B Giaticen b@orrrtq%ﬁlrﬁrhglﬁhénade without
tn&l 6GLLT cak %g%gnemtﬁl%"' t ALBpa4Cl %%%%%'e% a rhsk of
drai nabl e con The 1 nductive coupling al t he
ung&n&ﬂaﬁy'oncoﬁtpmmeatlawtlwbg t he=tfa it erg el em@nt eﬁectrical
artridge., However, it 0ssi bl e at the |
Ot e o  GISPPER T o GRAST sbn boRee FERGY Lt her
fungld onsausSUche aéo%Iﬁl,gesaslP&ﬁmuﬂhéab'e%@ra@lfofd Gt power
i f not inpossible. in sone applications, it may
withemeldessaiyten disadhie @hecanuntdme flioeked elef olrfe may be
erforn1 ot her functi.ons e e adi nt,
po%) er & %&enpﬁconpré%ég'an eﬁgggy g?oragg conpo en?rate
powsliC A& B sapaci tfctiohdt, heudpr efsen et erwdtoentnithtson
capaci tor, along w th the other electronic co onents
dlﬁﬁ%§uéﬁeapkﬁlQPédJmﬁmFﬁébﬂPItéF““bleh%nﬁ0”§b 2P hbEatyons,
s t [ u
e e S e A adtt of Ty b Do ardd T A ot he ey 5g0re
perdorttiegendhefr ffhectibher furthest fromthe nmatable

por.tion. t he |nduct|ve ield is_acti ene

Phatt | SnorcThdisitel y b ed 1195t o byt heoeb6rbge =7
ene®§MeBt orayai | abhsoddit | atgbnusgs The siggcofoihe 1n  the

energy storage conponent i s dependent on severa

preffgereds emgshimgst, t Héisowarasoriounptd o df wihb ftible epther

ele%lt? rl]tc S ceolme% re r1]:IsCS ar and etnhcea q:t cpf trllmet;hhat %hfter
el"éctronics re reqwre&to Eerae on a sing

elegbarge.solhes fact oks Weedkxipdseet &fdn fige conditions within
the housing. For example, this capacitor may be located in
the end cap, or the end of the filter furthest from the
matable portion. When the inductive field is active, energy
that 1s not immediately wused is stored by the storage
element, available for later use. The size of the energy
storage component 1is dependent on several factors, such as
the power consumption of the filter element’s electronics
and the amount of time that the electronics are required to
operate on a single charge. The factors used to determine
of the size of the energy storage component are well known
to one skilled in the art.

Thus, based on the size of the storage component and

the total power consumption of +the electronics, the
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of the size of the energy storage conponent are well

known to one skilled in the art. Thus, based on the

size of the storage conmponent and the total power

consunption of the electronics, the 13 autononous
autrammavg tiume iA) tciané bié\)d esteay rheneiiatélmimdi meThss thae is

maxi num anount of th % eI e n| CS wthi the
th%llp?%rm%néna%%%?%te b 0 e%%ﬁ t%e ﬁoonnlccyc‘f’egh

f1iIrequi r@dqt%p@edwgeadﬂwecamtwn olrncm&wteiozenetgyle is
storage conponent. To operate the filter elenent, the
requidiect itre ¥§@1ardss thendasred i toer &8y AN Plge ¥ g storage
nﬁfbﬁreg% storage conponent to charge. The inductive
i's then disabled, and other functions, such as
sensi ngpaora s rtdleesslbD@mualearaémto,nsthan intdake ipleactield is
se activities ersist for atinme less than A
en rlﬁé*'au%%%sa}g%? 9 tt}‘ﬁe)e“e“ﬂﬁ?é’tﬂ@rf‘ﬂﬁt Coéflﬂc?f%ﬁfi% to
chalraikes phace idcgakledrideg functipngl Liism i), afRUspther
mist be | ess than A for proper operation. Sone mar gi n
funsideing - al ssmcfbeas néenponat e whehe taseulcarimg icatsiggls  can

thef rin stemhas tine to_switch off
tak(:eoraélec(f‘?y, be ora%té)r% %leﬁ et ersél?r%dé‘ct asttj’me less
thamef er r gdHeo asitdrieosaf etr}ﬁh&\iht;Chltﬂglel)erE‘I(P@ tTme that

transmt |ong streans of informtion, perform

actigpgivhyt ket PIASE i1 naplpaed ne%%séwcﬁd%ﬁdf gél{“ﬁe (F) .
Thu%ner@ymu%ttor@&el%%%p%wgﬁ AUl £4 pl ét’l?e 5o gea% ol €5 me

e energy storage conponent cou “t hen
margl:ne Bhbtiéd aélsenmbrt imaprperébed whenf k:laét:uplarttlmgf B, such

transacti . After . ti F, the wirel ess
tha R 1 e Y D Be Rt ARG CPh S et GGt o TR 1Y
befbsel @eRarged Becherabl dget henirductiae §i ekde rAEHE A as
recharge period (R), the inductive field can be

thedﬁgébtﬁdsﬂhﬁcbh@gfﬂm%r %I errent is then able to resune
th@ovwgf% r?QéSC eams of information, or perform

lengthy functions, it may be necessary to charge the energy
storage component multiple times. For example, the energy
storage component could be charged and then the filter
element may perform the first part of a wireless
transaction. After time F, the wireless communication is
suspended, and the storage component 1s recharged by
enabling the inductive field. After a recharge period (R),
the inductive field can be disabled and the filter element
is then able to resume the wireless transaction. If
necessary, the wireless transaction can be suspended
multiple times to allow the storage component to be
recharged.

Because the filter element electronics are

independently powered, it is possible to utilize protocols
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necessary, the wirel ess transaction can be suspended
multiple tines to allow the storage conponent to be
recharged. Because the filter el enent el ectronics are
i ndependent | y .power ossible to utilize

oths o e L BB T iy | e R A - RERBE BBt diantially

alltﬁﬁlrrﬁpy poteati akhkynsaklowingkast e gL ansiappat %1reless
Qh known wi reless protocols such as | EEE 802. 11a,

prC&@@Olllib @@Zhllgas Bl Uet®ot {42, 11oxr, prdftd etiary 802 11g,
r enc modul

r.ot s utilizin l'itude or eq 0
BRI etr ¥hoonee ElBod nEnic ot (RBTpf cbr np il or
freqni\eeniy @bdusiepdioat @ anmeansgskg.used to control and

coordinate the various activities. For exanple, this
rreaTﬁ)s °an KELesenens fseklteaPIrisest sinrantwhen ts'rmvarate

ductj v I S en d. S a

oo VRIS ke ST hat R, LR s

aCt&IVgItllfelseS Etdxatexdn@ljendlxchtusvaldalrﬁd cdrs e lbeeddltsabls%dart a
hird signal then notifies the electronlcs t hat

flrs§ SHER BpeR at8Cor "EYMMNFcdtE LA Fduleh kg gﬁﬁiﬁbééfj A

sec@hhergﬁghggl Yiod h%ﬁ%@%@%&bb@p of -t he aégééieét%‘ﬁ' Jof the
then notifies the electronicS to suspend activity

firpécausmalie SL@@UEL$$ethBEIdhwIﬂnduﬁtﬁwmlédeidomhiyto be

. _Thus,, t ne fron1th asserti,on of the f nal
aisfgtRH," 85 T T S 0 (i SHEghed ?F&nthat
it nMustsahe abe@tp@n:attlaarbr orgfual c 41 | R adefduied, aboygaas (o

the required recharge tinme. The time between the
alt§é66ﬁév§ﬂ@naﬂjﬁioﬁe?ﬁéeééa@@eﬁﬂiohh@f Kh&ﬁ@lrﬁﬁgnaﬁwd then

not&@?egmﬂﬂks ggkroﬁlcghqx§a£8%¥%ﬁ Qg#gggl ma %auﬁ%ethe

betmeen assertion o
1ndﬁ0ﬂiﬁh si ghdl w{dr bde@m&&&édcﬁhdﬁtlﬁe thlrd) i s defined
as_F, the functional time. Finally, the tine between

t heFdur thesitghal QQW“‘Héhéﬁﬁ?¥?ﬁp%fO?hémﬁnﬁ%ﬁs%nﬁlgnal
to the B§55n63§gﬁhbgn ef the deassertion of the first) must

be greater than, or equal to R, defined above as the
required recharge time. The time between the second signal
(or the deassertion of the first) and the third signal is
the safety/switching time, S. The time between the
assertion of the third signal to the fourth signal (or
deassertion of the third) is defined as F, the functional
time. Finally, the time between the fourth signal (or
deassertion of the third) and the next assertion of the
first signal is also the safety/switching time, S. Thus, a
complete sequence includes a recharge period, two
safety/switching periods, and a functional ©period. As
stated above, this sequence can be repeated multiple times,

as required.
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first signal is also the safety/switching tinme, S.

Thus, a conplete sequence includes a recharge period,
two safety/sw tching periods, and a functional period.
As stated above, this sequence can be repeated

muliyire driares, aashoegui ted. dkveur eheodonentalatougs 2

t he ahove enbodi nent assunes a, repeatabl e sequence
reRgdteqle ndeareyetr ed By e BPEsetrﬁpunﬁﬁFJenPVo%%eAsngﬁSnt

in@hlig eNelgy 18her age copongRirdys sadedyat ebympbaeged, is
the inductive field can be disabled, allowng the
adegjuedterloni chargedpertdtce foduanl it dAGABUsCapertitoddsfabled,
time. Additianally, once the st ge...CO
11 Biar Goi5, CHEFCECE2RG 1 Eui FERBRECt har Lhe TeBRBhous
pedigct iomalt ipey.i oddeegibnbodedi abety theeeathergyThetorage
conponent is preferably able to 'store the energ¥ for
comperended 1per FoasIed t itiere16ifnatC | & HiGRIE s tpata the
Furddd {@f-1N9 gystem ¢ &g{r‘ls' N dfiialtle8r) Ngrake@BRter.  The
conpri sing an enbedded el ectrical conductive coil. 2.
conflmefnit] t drsi ngpreyfstreimlef ebdem 1o feroher theépresehngya for
housi ng having a first matable portion for receiving
ex?§¥Q§df%eFéPFﬁgozlgﬁgﬁt, and wherein said filtering
el enent conprises a second natable portion for
insertion into said first matable portion in sealing
relationship. 3. The filtering systemof claim 2,

wherein said coil is enbedded in said second mat abl e
portion. 4. The filtering systemof claim2, wherein a
second electrical conductive coil is enbedded in said

filter housing. 5. The filtering system of claim 4,
wherei n said second
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coil is energized by an associated circuit. 6. The
filtering systemof claim4 wherein said second coi
and sai d enbedded coil define concentric cylinders. 7.
The filtering systemof claim1, wherein said
Wh&tlt%r¢¥@ﬂ@@ riehit conprlses a TFF filter, having an

An%g QEgQ_ PFsygteJhe S¥St§f1€£rf% 'rglement

mhereln s as a cen ra s and said

par atdebrioirspich dmydudEne. el%.ctﬂ’i@afﬂ |d<ﬁfduwﬁ56t@jmmf
claim7, wherein said coil has a central axis and said
gXISTI% E%ﬁ?@ﬁ&ﬁ%u$éﬁt?% OLaftR HBnbr ah8 I L6 FREPrising a

fil tﬁéd&ﬁmggyﬁér‘?ﬂhé’f C'f%'r@ﬂma%@ﬂ% &ALt fdord FlEof 'rletc%rlvmg

further conprises a nagnetic nenber ‘posittioned wth
saldsaxﬂl filTeringThelémdnter i pgcdsysheneoh cﬁaudn:ﬁllterlng

wher e %sdrmnber conpri ses aglroqgéﬁ 12. £
filt ?“hed“ yster bt et ai th 1°SHhéFei A% fuP?éFﬁﬂB or
e|enfﬂgeﬁﬂﬂﬂﬂl§ﬁ@er§§&ank§tC@ﬁﬂﬁﬁﬁmﬁSpoﬁéhcﬁTh@n sealing
filtering systemof claim12, wherein said filtering

el enehita FigtsHEP -conpri sing an energy storage conponent
?daplthed £051 r% e%l%%n e 12&1"\%%1 by SRk e £01 lsaﬂi”'co?ie is

|Iter|ng SysS erein salrd ener
St0Rﬁ@ﬁﬂﬂﬁﬂb@ﬁﬁﬁblﬁom@bb&asmatabmacpb®t10ﬁ5 A nethod

of wirelessly supplying pomer to a filterjn el ene :
Eonprisi fg ltﬁrlﬁ’goﬁﬁ 5 aCfi rst2 it egt'rl‘élé?g%bﬁdt?ct pgeon

coi 'el'é%tﬁ%a‘i fdddRIdtNG el @mEntis bnfdpyddi Ng 8288CeNdter
conductive coil in proximty
housing.

5. The filtering system of claim 4, wherein said second
coil is energized by an associated circuit.

6. The filtering system of claim 4 wherein said second
coil and said embedded coil define concentric
cylinders. |

7. The filtering system of claim 1, wherein said
filtering element comprises a TFF filter, having an
internal membrane.

8. The filtering system of claim 7, wherein said coil
has a central axis and said axis is parallel to said
membrane.

9. The filtering system of claim 7, wherein said coil
has a central axis and said axis 1s perpendicular to
sald membrane.

10. The filtering system of claim 7, wherein said TFF
filter further comprises a magnetic member positioned

within said coil.
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to said first coil; and c. Energi zing said second coil
with an alternating energy source. 16. The nethod of
claim 15, wherein said energizing step is perforned
gontTidiofsl yeriddy dhetamtdodcdfie!l 80 m dberaher ebddsaicthber
filtering elenment conprises an energy storage el enent

and SAMREL Sherdft AR t%b. is perforned internittently.

é?: The n?&h99r9$g0|gkgké§’ whereinsai o fil {gELBYN  said

enent conprises  an energy storage el enent and said
ener i Izt evgi rsd epl drserperdoopmed eat ed egulranicntempalnsnts9.

Tue JEAMof pL LBl 5 st s szeond GELLAE  saso

el eneMtedBgy element further comprising an energy
storage component adapted to store energy received by
said coil.

14. The filtering system of claim 13, wherein said energy
storage component comprises a capacitor.

15. A method of wirelessly supplying power to a filtering
element comprising: '

a. Providing a first electrical conductive coil 1in
said filtering element;

b. Providing a second conductive coil in proximity
to said first coil; and

c. Energizing said second coil with an alternating
energy source.

16. The method of claim 15, wherein said energizing step
is performed continuously.

17. The method of claim 15, wherein said filtering
element comprises an energy storage element and said
energizing step. is performed intermittently.

18. The method of «claim 15, wherein said filtering
element comprises an energy storage element and said
energizing step is performed at regular intervals.

19. The method of claim 15, wherein said second coil is

embedded in a housing containing said filtering

element.
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