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the specific component throughout the
manufacturing process. It also allows the entity to be able
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.
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in many appllcathns, and even more potential future
applications, this small amount of power provided by such
batteries is insufficient to power the electronics within
the housing. |

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 is 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.



SUMVARY OF THE | NVENTI ON The shortcom ngs of the
prior art are overcone by the present invention, which
descri bes a system and net hod for supplying electrica

power to a device, such as a filter elenment or an
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In some cases, the use of wires inside the housing may be
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filtration cartridge, such as that commercially avail able

fromMIIlipore Corporation and sold under the nane Filter
Cartridge Housing Series 3000, is provided, and a
conductive coil is positioned in the housing base, and a
second coil is positioned in the filter elenent. Current
is then passed through the coil in the housing base.
Through induction, a current is created in the second
coil inthe filter element, in nuch the sane way as a

transformer functions. This transfer for power requires
no physical electrical connection and al so places no
l[imts on the amobunt of power that can be induced in the
filter element coil. In a second enbodi nent, the filter

el ement conprises tangential flow filtration (TFF)
cassettes, and one or nore coils are placed within the
cassettes to achieve the sane result. The inductive field
may interfere with the operation of the various

el ectronic functions, such as comuni cations, sensing or
other activities. To overcone 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 can be stored, and used when the

i nductive field is no | onger present. BRI EF DESCRI PTI ON
OF THE DRAW NGS Figure 1 illustrates a
representative housing base and filter elenent in
accordance with the present invention;
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Figure 2 illustrates an enlarged view of the housing base
and the filter elenment in their operative position in

accordance with the present invention; Figure 3
illustrates an alSUdpMARYe OFNDEEI ANMENTLONhe present

i nvention; Figure 4 illustrates a first enbodi nent
utilizing TFF cassettes; Figure 5 illustrates a
secand esrhodidmntngst id# zi g B_Ffof}a§§€t 8% Ahrcome by the
Figure 6 illustrat'es a graph showi ng the interaction
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the base and filter elenent are that of a device

a capefidge Ht SPTENdCSeRT es BBE00UBUsPhgwires inside the

housing may be impractical, due to internal conditions,
such as fluid flow, pressure or temperature. This invention
requlres no physical connections between the power source
and the one or more enclosed elecfronic components, thereby
reducing the risk of poor connections, and increasing the
useable life of the overall system. In one embodiment, a
housing adapted to receive a filter element in the form of
a filtration cartridge, such as that commercially available
from Millipore Corporation and sold under the name Filter
Cartridge Housing Series 3000, is provided, and a
conductive coil 1is positioned in the housing base, and a
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
colls 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
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to support this membrane. Surrounding this assembly 1is
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of the cavity wall, as shown in Figure 1. Alternatively, a
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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 power' and/or reduction of
interference with outside electrical components. For
example, in one embodiment, the use of an iron rod within

the receiver coil (such as in the TFF embodiment described
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enc%‘%’es iﬁ %%%%g#t%%nég ?’lh}ft %gaiﬂr?seérgo%]ﬁc%ébt tﬁz]efi ter al
- erglienemnterhas gasketisnporov@sr i tigs tdwdti sdrid ifdyexolil efthéhesystem

slight reduction in cavity diameter does,not,preclude t
ared 4l GRS 10 B LT ol LA rCPPOSRONR GAP P ngdiein rFhe
£ianQiher, empdi ment, the housing base is nodified so as to

i ncrease the dianeter of the cavity. In this way, the
i nséite gutuEire f Heuwod ufmer tdrth prevl ousl ghwagpg@nergfation

t he housi ng base. Preferahly, the housing b s alsa
R o (T AL S eoqU R Sug SO 5 Hte ¢ RASar Pego 28 €0
cre@@ul red;dyt dde Wiraisimiss o eid Chhdasstiatodgh bhe used

base to an appropriate circuit. Althogﬁgydescribed
digleeVrd vion vétepehceramlapiiondri Eal F19tkes, Fhepreat the
nu‘m@‘é‘%”tdfontdénseqfé" %Xx%ﬁ?%zé&a%ea‘so £ her, L ¥pes QP f il b8hum

el'ement's as wel T or exanpl e, tangenti al Fow
anbuhtersst (difdy)gcanTiad spreseot ponatatihe ploesentot nveqtiion. a

As shown in_Figure 4, one or nore TFF fi&ters, or ., £
spegddatt e B0 e Wy pREdl IV & T &tged Fhlp&r @ EtatHty ©
ruk-agesher ihhnrachel deppbngt shoOW) vedhi sphol der typically

consists of a plate at either end of the TFF _

confi gurwee T odliswirtibutdsneniingeurgchdmiiyes, theuctrias balthgn

or .cl anps assing, through the p| ates and ,the cassettes,
thFhéF%viﬁ%lﬁ?%%'tﬁglsﬁtH%eE§§§}eﬁ??%@e?ﬁe#?“brﬁFSPSRH?EiOn
coildemrhati @S cushtotsppl igsoanedcl il @ie i dedl tage tbethe

TFF cassettes so as to hold themin position. I'n
tragpneméabdanment L -t hélarhatkni &5i BRO@6F1 89 aPE CénifedeléBr ¢t 0 OT
vo§ggggngnﬁl %&%%hga% QIR €33 %@qlh%n%v}rpetoTF n&a}%ﬁfiiga in

I'n place. The transm Ssron coils are preferably
thkogatedntnwal@r noveber @at edi st dnige tdien edge of the plate,

facing the open side of the cassette 100. This coil is
pr e?%sgakﬂl}t@ﬁca‘éeednqw pPa%t FENCRRNCI | STABIAEd Gt BSFHEATS

th8l 0QWR:cckheveheahki cals Wor-eg1bhatl ypovesdhe tf aRgTicsgicon; s
coil can be passéd through a hole”in the end plate, or

indttadhed ithsomeidt ndr Wey. filter <llmenardcei veECcboils a2eo
are placed such.that their_central axis is,preferabl

k07 peRdL Bl AF CPG Ehe CBAA- pldEes O TRE caf HBEHEIT o the

nulb&fF erabl yparsal kek twodrhe that erpakigerbr ane anehhSmivosnen
around the outer edge of the jacket. Preferably, the

corbgerler L& IVOlZ@ass Jsiuassd e cFb3esSPt BRL ATt FOtld -t hg? one

Si [ S [ ower

enpo BT SeSR bafleBoall BhASEL ] ANRNTaL, oo et troe

indhesd ecal vehecordse 24 aceinol ded diMexrttlhe ostérle by the
overnol ded jacket 130 in a |location outside of the
typically fluid path. To inprove the induction between
coils, the coils can be desggned so as to interlock. In
ot her 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 nolded so as not to extend beyond the cassettes
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In anot her enbodi nent, shown in Figure 6, the receiver
120 i s _enbedded.in 0 ver j acket
Clgf:utlﬁg YTFECE, §(re1tetde l?heEggce?%g%egoi thgbgﬁqs I?élat egih tther

embbeioeher, overgohdedagackied 13Qulanddis wslenyed regulatlon
per pendi cular to the inter nal nmenbrane. In other words,
isi f@op@Enttralthpss 5 phiall én FBet Re i st n@dn mBRb P& O RS d

e [ i gu
* LB BT e BB T S temtlicge
caﬁheltbassm:ssuuMeqmalteds d:he:mpjsalcedm epr oxkni tyot @erdiorm
agal nst, .this outer jacket 130 to i nduce power in the
thigrfupréfenabl y, this transmission coil is enbedded into
a Tyt urigiRahd Sodhen pbacgd irR1RESXidNdne O, Qrmultltude
agai nst, theé outer jacket. In the case where ul't i pl e TFF
Ofc@9§etlbé§ B ldroe tsitcack ed et gupetshidrl e .mAeF peeanpafsnidssiions
coi.l s .can_be ilized., At ativel mul tiple coils
a5 pa BPAcec i LHPR £°01 gl e F e tre: Brhat o hentd prvidls,
suf:hxblér eSe 8GR , C Y JH NG r@ dewlcﬁ;rc@ﬂtracmbrbesaﬁgdrmand
upply power to each of the cassettes. While this
otafaim i catR oM @esclaWeescy| FAlr | CJaJrk%i'thsel'FF 9 | teysed.  More
soghEOEN §te&hec %%%h Q 'Slﬂgﬁuﬁﬁ ofwy E ﬁ Sﬁents,
&
enen reg ard ss of “§hape, can power ed by

suphaeisng:talqmme;r emifmsmrssmnnw¢menese nelNatdargbpynehosecan
proximty to a recejver coil contained within the filter

a %‘Pelli’@ntlltJslujczf'\e‘i1 h4E EPRRUEL i BN tec uR S RE - ab gV TR\ F T 11 %r @
st&M@§§daﬁ@t§bgnlﬁebﬁb@shﬁﬂhhﬁetﬁg %HQt%%o%%dﬂdtiﬁﬂow it to

i nventi on, are not neant to limt it to only these
be erdwdnemmds dlrectlj/n tanot heetenbédi nent facsi | sthee use of

i nserted Wlthtgn connectors u ‘ﬁcd) to nterconnecg
Su%%rrp‘f‘ et BF AT §poSEBPe ¢t ¢ &f° sﬁhjgss t &t her Stppfy ¥hbgye
1dOkt Of Nest CONPRRERES. fdPecddansi st ol seddte ] s preferably
formed into the outer connector, while the receiver coil

i s ¥ormedotherhe eniiosipnsabl e £Vt elcmReSiany: Sthesereferably
ha tdhie 58 SBﬁPé{lgRLéfy kg WLLI N BERRHR T Qb T angl ttENgeer
er fraid ec

to a si nce tri cal
elerfﬂérett comhest s ldawsbehmde jeimté yememt addi tiearfo:si neebdded
el ectrical connection is made w thout the use of wres,

calii k2 D d 2PEdRIEE | hePRTakI IS uASSEhi T4 cofC&ni T Tiohe/
caPYu dfa?ééi' nigRg; it hesgleegﬂbg@ioﬁgnp%@et& Wobhhi Ny gecl eanabl £y

/ or drai nabl e conduit
conflguratlon Other p0551ble devices include wireless LAN
devices, such as BlueTooth® or Wi-Fi® components.

As stated above, in the preferred embodiment, the
receiver coil 1s 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.



The inductive coupling allows the generation of power
within the filter el emen r cartridge. ver,, it :
be Possebleet REEVERES ﬁﬂ‘g‘?gil%“%i érg P_S&E@%ot ttoh%e%é'?ét”ég
pa POVEL HBKES At hEk nf YRt RS, chBeRda8 WhrelgSshis is not a
communication difficult, if not inpossible. Thus, in, sone
reapptécant ong, tihe meesbetnécassarpnt o Reitga]id g existing
i nductive field befor erform ot-her Ctal 284 £
hoy il e PERESdi TRt ,%etﬁg) |I?SerWgrrﬂgr'nanll?1 c%}fﬂ%?i ;eéns ar%meeﬁler'gya
smSt Prageseorponeiteresuehyas caneapacitar. fliont heplpreferr edis
: enbodi ment, thi's capacitor, along with the other .
seatedt renttigonpbAentavite entapdif att I d heP3Fftert 18
elLenment, sp. as be: e e dhe gonditdons whghipy
pr?#%g%&ij%i ngk.lel:ogg%%éewpl(g? ?ﬁ?e: gcaatp\glcﬂ]or may be |ocated
cylinghecend tape orvihieirendhod timeefritl tes foliet hiesan$moRe 10N
the matable portion. Wen the inductive field is active,
cother gy trhatn® s ORoIafretit &t el §*u5e8% s Bt or B By "t he
poﬁé?r age,slement . avald,abl e f o) JaleryusginThensi zavaft it hes
ener gy storage component is dependent on several factors
shewehias Fiherpoder Iconsenebodioknthe thiel Cemes ki ' of the
. electronics and the anmount. of tine that | eGgtronj.cs
ingeetr 846 r%‘ﬂ?fbcb%"ét? esr%_lg g%ﬁal &1 a?%gseﬁ'h% egnf:étmot(r:scan
stUpedpto detienmae af the shzeref thecenergy fSitlorageelement
conponent are well known to one skilled in the aﬁ‘rlt. ,
hadhusashated on tAershge ofhathe Xt%r dgetidhpoment @ndsthght

ot al power consunpti t I j €+he filt
reéﬁ?%ﬁ%’ﬁoﬁl r AT Et'illfgrlge\?% ggﬁgbg&} e?%#?né%%%e This time
clémethe ey Mumpwamuniiofid it theltldheiebectr onilos shohhar
the filter can operate before an%s{]ﬂﬁi nduction cy

cle i
empedimneel: t 6heedivargd %t e SCapati™t d ot Ref Serfet g%lncregse
sto opent Lo, opefat e ithe fudyer ehenmenbsert
th?he&?%rg%ggg\eeg [ eFlaei sc%%la’g&{ ed, ther elby al I%vvi ng the _
ocenelgy sher agéucenponenpreviohalgewaFheairhd @ i fheprging

is then disabl ed, and other functions, such as NS 0
ba%@rel%%%f%%%hdc “n Oaﬁﬁngg aslrﬁ ace. ‘%’Egge %é??\%tglge;o

inCahapersi stehehrduhMsd esgat hameA (thesautanonms by the
running time). The tine that achwtx takes place is

trgathedsioe fwedtl orcdn t i pes$ F) thTRUSD F 4Rt BaSPesdd hai™
A for,proper_operation. Sone margin should al so be

ap}i’ﬁ%@?bg{'%t Sarﬁ,ﬁé "calculating F, such that the filtering
Sysi eAmbaght idesdra s t ghowd f ieorretdtencdetor ecehtedihgal

recharge node. This tinme is referred to ﬁs the _. ble to
fikeeesy/ sWie cHinegHitneipggntion 1s T6APRdAYN PPOAGEPLE

stre f_kn i Qfdnil engt hy functions, it
Ot%%§ €£5%§c8§s§?§g?% gﬂ%?§£F¥ﬁ%;energy st orage conponent

mul kb pl estdmEs:, Forngxanphe, ftllew ehekgyrst ofHge ceApon@hEO
~could be charged and then the filter elenent .y f ar
IngpEPPTRsE pard BFea_eWr_éPé@g%th&nsj’&iSﬁ?wﬁftlg? FloeE
ond NG Wi £ 8} €SS FGONFLINE £a8 | 0By i Sasusperded, 1 @mdathe Yot agely

conponent is recharged by enabling the inductive_ field,
arMneeda Techsgd lsdri obelR)  tadrtlisiduetitie B ePdlegh benCt

di sabl gd. an e filter ement _i h bl r8SULP: K
SheWa! wi fgllésg‘oﬁ%ﬁsa’{éﬂlgﬁihVﬁﬁé%%gggré,@ t%hg%vﬁtt%elagczs °f
end F @¥saghionrean chersuspanded, miittipl éastarsnto raddlow i dres,

st orage conponent to be recharged.
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Becauset hefil terel enent el ectroni csare independently
powered, it is possible to utilize protocols other than
suchadist ionlals RRN Do paier e a2 35 S irtieridbso yist enlt¢ abPL§tasl ewichg-he

faster transfer rates., O her _known wirele r.ot ocal
CagIE S | B es‘(?i’.ylli,"lgbﬁ.gll%ge803?‘%6,5 BE BT 60t hoC Bt heT
Prefephi-atar yindoh 0£el sndit i k13t 89 canpd i dardes orn 1for egueneylded

. nodul ation can be used. I n one enbodi ment of the
ingpesdrt TRy ERsisettesepar afet Aebnsdi She@ednt BOESREFH: and
coordi nate [,QuUS tivities. qgg?a\{rpe hi
mear%gl 0%2%6 b%ﬁ%aégﬁ%rg&as%gerttfagdsﬁt?lsstsl:lg)irngna véleﬁr%hg%bedded
initpductieve dricel dblistdn behagnablehreAsecontd shghal ¢be TEE
alternatively, the deassertion of the first signal

Ca§§§ﬁ¢ﬁpgs %%t tRe i dr ‘i vel 5 el BERRSTLSBECH sabt &S A3re
prifrdpgianel-dhen natifiesodhe ekegteaniLsddatnet d$ge of

safe to operate or conmunicate. A fourth signal (or
thal tpdrafat,i vedying héhdeapser tsiol off t heet biasdeditgnal 0t h8his

noti.fies the electronics to syspend acti.vity. beca th
CoPhadet S TIA wid |58 Ceridbibed satiort icn 1S ahagd” dngo
thel megtpetet he asser tdyrtafidahe fiiskssi gaahtt 0 bBeeseconde

signal (or the deassertion of the first) nust be greater
trepapiseloaqulllt oo def Pasdedbshecaght e Redai réd the end

harge_t.i he t]| b e second signal (or the
PlgEScasry F‘%F%Feghgnf%gﬁ?)g%@d‘eweﬂhi rd signal is the
saf ehy/ smetehvag tdomd,s S12Theatd mpleteneesuche adserttbeir
of the third signal to. the fourth signal (or deassertion
ceptrehedBRSr dff RE dEeRed Q@rl@?nfiﬁéu#%ﬁcttioo%e t§THe, prates.
ThEl NALLY, 4he tine kiﬁte%%btl?e QuLtAesi ond (@e  internal
deassertion of the third) and the next assertion of the
mefibrshesigaalis svalrsb atmirshftgty/swiechedget ofe,tis Thoket.

- SePRTR) 517, BRAUCTEE, HIELUIoR 2 TEFhorae Rerdot e crone
pré&k ahedyaheyernthis- SeguerRcencarobe kepeas eddukkirpke high
times, as required.
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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Furt hernore, although the above enbodi nent assunes a
repeatabl e sequence, this is not required by the present
| nvélﬁlt |a@|®th.&§ |a@ﬁ>g>das1ephe ehergy 18t @r%@&:o%vpoﬁ}éﬁt rpgelver

COé g. %h%m O%ICS ndHﬁEg?Z &' hgl%%@ Skéﬂgﬁ?bhgg of

thperired c!HssIdthQa Adﬂ}héi.@@@éi\yer Oaﬁflth]QOeﬁergL)oCsimcaQEn the

conponent i s charged, there is no requirenment that the
ouft grctdVEHEIC Yeed o?bficb}%ﬁﬁ nl 3 hmedin @t &Py AHETESY eperpRRAICULAT

to C%’iﬁ%ogﬁgéefrﬁlp P&Hey aﬂ'lv@]{ﬁers&@ 8st hgt%necfeﬁél Q1 axis

ext en perlo time is clarfred A filtering
issysd e 1 €onpoi s:lmag antarfial t eenbgaekeneghd lvavi ngea Sdqrst in

nutable partion, wherea first_ electric conductive
FIOGE s BHGHAME nGh kP 7St naEaBF Lot | GTETh Uien the
TFﬁous?é‘tgerﬁ‘a\i'sngfél§§C%@@eﬁ%tléa| e Pos titan f@fi JLcai Viddd 1 is
said firstle portion of filtering el enment, wherein a

theacoidcelediy i wadt ynidanduct ive eorings, efibéddentior sapgket

d bI h_th d
1300 T oF REVEr | ARG cOhCORIPr c Tt ndEr&roaAp Y Ehis

transmission coil is embedded into a fixture that 1is then
placed in proximity to, or against, the outer jacket. In
the case where mnmultiple TFF cassettes 100 are stacked
together, multiple transmission coils can be utilized.
Alternatively, multiple coils can be placed within a single
fixture. Finally, multiple fixtures, each containing a
single coil, can be used to supply power to each of the
cassettes.

While this application describes cylindrical and TFF
filter elements, the invention is not so limited. Any
filter element, regardless of shape, can be self powered by
placing a powered transmission coil 1in 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 is formed in the
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C. acircuit. in communication with said second coil to
energi ze said second coil. 2. The filtering system of
didraisakl,e whekteén saislingr cullhesappldres dlitermasimglify the

current to said second coj]. and a second alternatin .
Wb Cher R adiieg CRAREET B 7 S Bt b daibed? fipoe

fifdild il Byst MmOl GltaidhchnMher @ asaint fldaer ngigtepent n
conpri ses a circult to convert sai d se,cond _aI ternati r]g
adclittrient, tolmace efbkateddoralicage. cannertel dn | Lér impdsy gtidmout

of claim3, wherein sajd fil ng el nt c ris
tm%exﬂ?%ni%fcowgﬁn%htsghﬁ? Tﬂég%?ategfﬁg%gfstgﬁg%f g?%%m of
unkaniherei n sahdafihiersmg shemendtdinider corprisesctrical

sensors. 6. The filtering systemof claim4, wherein said

cofpRgnitsg eltdrBne FhPeRePLe ompd{ Qesdbe brdkessFagddédi ce.

e hic) LAl N SXST St s ff & MM o WORE CLBR3d 1l LOET Bluer

nprises a wreless conmuni cati on

wid@ﬁhc&;_he&fl’hbtefﬁ | ¢ Bemangt syst earofidyal nHéwewker, eiit smad be
poggh ?%Inghat the inductive field required to generate
power makes other functions, such as wireless communication
difficult, if not impéssible. Thus, in some applications,
it may be necessary to disable the inductive field before
performing other functions.

In one embodiment, the filter element comprises an
energy storage component, such as a capacitor. In the
preferred embodiment, this capacitor, along with the other
electronic components are encapsulated in the filter
element, so as not to be exposed to the 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 1is not immediately used 1is ‘stored by the storage
element, available for later use. The size of the energy
storage component is 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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el ement Further conprises an energy storage el enent.
adapted to store energy induced by said coil. 9. The
auftionioguoiusg rsystiem afimel didm &anwher elat esaiiheher Gyist oiage is
el ement conprises a_ capacitor . Afiltering system
RGP EIy T Totok anput FAFr ok AL T7HD Y haothg the
figdRelrnt eial JpRIBRANE heah rel eGl@meG comanaeo@ndeyae is
enbedded el ectrical conductive coil for generating an

rejgndgedd tel ecatiaggle dher erpaca tpowero sl tdiadl eete bV cstorage

co&onﬁgﬂ%nt, and a transm ssion coil, external to said TFY
Prter -and in cl ose proximty to said enbedded coil. 11.

TheTbi loierrang sysd e fecl @l emddl, funehehde@aniesi Ngedd is
| east one endcap to hold the TFF Msr in place, wherein
enghit@dentdted e ot L PN @ EBAL PRSI sSBABRSEI FABRIGE to

chﬁg%g. L?q%oégﬁh\@ggﬁggﬂlﬂd and sgidh transPssi on 60l | okfier
functions, such as sensing or wireless communications can
take place. These activities can persist for a time less
than A (the autonomous running time). The time that
activity takes place 1s called the functional time (F).
Thus, F must be less than A for proper operation. Some
margin should also be incorporated when calculating F, such
that the filtering system has time to switch off correctly,
before entering recharge mode. This time is referred to as
the safety/switching time (S).

To transmit long streams 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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12. The filtering systemof claim10, wherein said coi
has a central axis and said axis is perpendicular to said
Otferoraive] AnaddaianetamdiPs it astlis i sthesabed nbttdmitnial ly

fii xt.yre, d ac LN proximity sai d
alell‘?)é}elg‘c?gd %%?f%FBEQEf‘ngg%I tgrgfcﬁgc"sys eh%%f % a'm 1dflreless
prwherceilis saistchi | t asi ngIBEBt eddurtihegr camr.ises a 802.11qg,

magnet i ¢ nenber posjtioned within said enbedded coil _ 14.
Blﬁﬁgoﬂtlh@eri% YRS 6T Yo I RA Hh A9 L Snhiek o1 2 89 d afertiélide or

£ rCOMRINSL RN 1R @y da- ,IBg filtering systemof claim
10, whére said tangential T | .

In one embodiment of the present invention, separate
means 1s used to control and coordinate the various
activities. For example, this means can be used to assert a
first signal when the inductive field is to be enabled. A
second signal (or alternatively, the deassertion of the
first signal) signifies that the inductive field is to be
disabled. A third signal then notifies the electronics that
it is safe to operate or communicate. A fourth signal (or
alternatively, the deassertioh of the third signal) then
notifies the electronics to suspend activity because the
inductive field will be enabled shortly.

Thus, the time from the assertion of the first signal
to the second signal (or 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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flow filter conprises a circuit to convert said second

i nduced electrical current to a regul ated voltage. 16.
Thertirkherimbgesystierhafglcl ahen Ehovfeur ehbpdcoapiti si hguaes a
second _TFF filter, having a second el ectroni onent

h ¢ con
reﬁﬁatébééco??oq‘é?ﬁfeeddeahéﬁedtsriE%F SISV ePoi tF oP T ESent
in%?ﬂ@ﬁ@ﬁtngAQn L pdyceds eliec] riseal- QUI keBlral@ PeWRpcRIrt  is

ectroni c conponent. 17. Thefilteri ngsyst em of claim 10,
adebeatkhysailthtgagenthal fidwifive efifdet heancdrfprddeabled,

al g&igés’théS'eIQS%EE%%EEng§¥St8gé9£tgla%g} 1gh mg%%%h%mous -
period of time. Additionally, once the energy storage
component is charged, there is no requirement that the
functional period begin immediately thereafter. The

component is preferably able to ‘store the energy for

extended periods of time.
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tangential flow filter further conprises a processing
device. 19. Thefilteringsystem of claim 10, wherein said
tangential flow filter further conprises a wireless
cofmmiicatrilienndeévice. 20. The filtering system of claim

10, wherein said tangential flow filter further conprises

an energy storage el enment adapted to store energy induced
by 5aid chifiltzringhaystenerimprsysrem of clai m 20,

wherei n said energy storage clenent conprises a

capaci tor. 222, The"Firdef{ AECSY SPEHNET 2 cl idisth 1672 he st ton,

current in saghd-sgcond ﬁ%%d@%c%%%ﬁyV%oﬁ@h&ti@e coil is
i nduced by said enbedded coil in said first TEE [ ter.

23, Thefilt erihgdyst et ofaid é#WEZ{“aW%lﬁP@&P@r

b.a housing having a second matable portion for
receiving said first matable portion of said
filtering element, wherein a second electrically
conductive coil is embedded in said second matable
portion, such that said first and second coils form

overlapping concentric cylinders; and

c. a circuit in communication with said second coil
to energize said second coil.

2. The filtering system of claim 1, wherein said circuit
supplies alternating current to said second coil and a
second alternating current is induced in said first
conductive coil.

3. The filtering system of claim 2, where said filtering
element comprises a circuit to convert said second
alternating current to a regulated voltage.

4. The filtering system of claim 3, wherein said filtering
element comprises electronic components.

5. The filtering system of claim 4, wherein said filtering
element further comprises sensors.

6. The filtering system of claim 4, wherein said filtering
element further comprises a processing device.

7. The filtering system of claim 4, wherein said filtering
element further comprises a wireless communication
device.

8. The filtering system of claim 4, wherein said filtering
element further comprises an energy storage element

adapted to store energy induced by said coil.
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enbedded coil in said first TFF filter and said second

coil interlock. 24, Thefiltering systemof claim 22,
wherein sai d enbedded coil of said first TFF filter and

sai 8- secofe chbiltedri@dcasiar. oP5clahe §i | tRYIHG Sypstcemneray
clai m 24, ;yherel 0123 BRGNELHC MRIIET chS,posht] oned wi thin
sai d enbedded coil or said first TFF filter and said

secbhd cot| fi2eerihe Fydtear cagrsystemaffiepai ppagential flow

wher ei n S?}[H:&Oi(ﬁiﬂf)n, ﬁ@'&rgn%'ra;nlslngﬁznah' hé%r%@, éﬂiéjlectronic

second coil each has a cen axis and sald axes are '
paral | el tonmgicdtrenit ane, cahddde pladealtictgasdf conductive coil

transm ssion gghkéaf}r&{ 'agp%a Mthin.a fixture,ceach, o uer
transmni ssion col [ adapted to be placed in proximty to

one of_ safiswlicén@b@td:e@rd@i Ics:zm_p2>71.enA, nmetnhod oﬁ#msrrrém@s;@n coil,
suppl yi ng, power. to a Jil{ e&bﬁ’gfieﬂt%@?ghd I}P\é'flﬂgeap%&ﬁﬁit to

mat abl e portion, conprisirg: a.providing a first housin
havi ng a s®icbrethbedded coil.
11. The filtering system of claim 10, further comprising at

least one endcap to hold the TFF filter in place,
wherein said embedded coil has a central axis and said
axis is parallel to said membrane, and said transmission
coil is located in said endcap.

12. The filtering system of claim 10, wherein said coil has
a central axis and said axis is perpendicular to said
membrane, and said transmission coil is located within
a fixture, adapted to be placed in proximity to said
embedded coil.

13. The filtering system  of claim 10, wherein said
filtering system further comprises a magnetic member
positioned within said embedded coil.

14. The filtering system of claim 13, wherein said member
comprises an iron rod.

15. The filtering system of claim 10, where said tangential
flow filter comprises a circuit to convert said second
induced electrical current to a regulated voltage.

16. The filtering system of claim 10, further comprising a
second TFE filter, having a second electronic
component and a second embedded electrical conductive
coil for generating an induced electrical current to
power said electronic component.

17. The filtering system of c¢laim 10, wherein said

tangential flow filter further comprises sensors.

18



mat abl e portion for receiving said first matable portion

of said filtering elenent; b. enbedding a first

el ectrical :y conductive coil in said first nutable _
portfon; Brenbeddithgingdsecond @l eefricdaiiy dondbkergen said

coi L in said,s660n0d ciBl,abl € POt Qe rSUEhENAL s sl d JddSting
and second coils form ng overl appi ng concentric
cyl i nder sdewrt-d. energi zing said second coil with an

al t gé nat i fig, PUfffﬁ[Heriﬁg- Th&%ar{?etnhogf ofc1Ghidl M7, JWBBLi N saiq
IS per I The

sai d energi zing step ormed continuously.

met hod. ofamdegithall, f wwerfei It egai fh rtietrerdomgrébement wireless
conprisescﬁﬁmﬁﬂgﬁgxoﬁtgggggéplenent and sai d energi zing

step is perforned. intermttently.
20. The filtering system of claim 10, wherein said

ﬁangential flow filter further comprises an energy
storage element adapted to store energy induced by
said coil.

21. The filtering system of claim 20, wherein said energy
storage element comprises a capacitor.

22. The filtering system of claim 16, wherein current in
said second embedded conductive coil is induced by
said embedded coil in said first TFF filter.

23. The filtering system of claim 22, wherein said
embedded coil in said first TFF filter and said second
coil interlock.

24. The filtering system of claim 22, wherein said
embedded coil of said first TFF filter and said second
coil are coaxial.

25. The filtering system of claim 24, wherein a magnetic
member is positioned within said embedded coil of said
first TFF filter and said second coil.

26. The filtering system of claim 16, wherein said coil in
said first TFF filter and said second coil each has a
central axis and saild axes are parallel to said
membrane, and a plurality of transmission coils are
located within a fixture, each transmission coil
adapted to be placed in proximity to one of said
embedded coils. y

27. A method of wireless supplying power to a filtering
element, having a first matable portion, comprising:

a. providing a first housing having a second
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30. The nmet hod of claim 27, wherein said filtering el enent
conprises an energy storage el enent and sai d energi zi ng
step is performed at regular intervals.

28.

29.

30.

matable portion for receiving said first matable
portion of said filtering element;

b. embedding a first electrically conductive coil in
said first matable portion;

c. embedding a second electrically conductive coil in
said second matable portion, such that said first
and second coils forming overlapping concentric
cylinders; and

d. energizing said second coil with an alternating
current.

The method of claim 27, wherein said energizing
step is performed continuously.

The method of «claim 27, wherein said filtering
element comprises an energy storage element and said
energizing step is performed intermittently.

The method of claim 27, wherein said filtering
element comprises an enerygy storage element and said

energizing step is performed at regular intervals.
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