CONTACTLESS POVER SCLUTI ON FOR LOWN POAER SENSCRS | N Bl OPROCESS ENVI RONVENTS
This application clains priority of U S Patent Appin. Serial No. 12/079, 396
filed March 26, 2008, the disclosure of which is incorporated herein by
reference. BackgrQui@rokst NSodeky 8BLUPION For roW HRwWEREsBisdiY Bt ags and ot her
el ectroni c devi C€S, SUCT as Bl uetoothe ana gbeeu devi ces has becone

preval ent, especially in the FRAPROERES t ENYT RGUME particul arly those
applications associated with i nventory managenent. For exanple, the use of
RFID tags permts the nonitoring of the production |ljin nd e novenent of
assets or conponertdst h"f‘%ﬂdﬁaf:ﬁgnsﬁﬁll?sch%ﬁ?nty of ng' rtentI lustrate

ar t hers"
t hi s concept, agprmneadkur ineg erm/ioty, Bsy aAdher eMaRfahD 26ags2 08, caponent s as

they enter the, productiop facility. These_co At s, ar inserted into
t he producti o%l ‘Tl@v?/?rfao?ﬁiwnhglcéuﬁf’a}s%ceonnglolx%geﬁ%cr}g%i%’Ztrleeof;eq\%ﬂtc "ot her
conponents, and finally resulting in a finished product. The use of RFID tags

al  ows the personnel withingflg TRAH\ LW REvEMidny tO track the novenment of
t he specific conponent thro ring process. |t also allows

¢] C
the entity to be e uss icderEilPy teHe 3pRcPEIr COMFORERtS ER%tCConprise any

particul ar assgabl Ya0r g1uBisbesls PradiClzigbeed ddviaddi thes, béwmsse of RFID
tags has al so been advocated wthin the drug and %hggﬁnag?uti cal, industries. In

February 2004PT¢¥fde0i t e8SREG S YredBr alfPand™ BT Rl nPSt r 83591 /i ssued a
report advocapingiduharugetiwdsdRipPpltagsidms laabetiardl moht onvelrtugy. This is an

attenpt to prOViden%%g[g ee and 1o ILh-tu;Eh%fiﬂ£i$t{§ag %Qr81t§QHQJerfeit
S

prescription 'a?%ag%e ihto the en’%‘r"\?ete’an?eto consuners.
monitoring of the production line and the movement of
assets or components through the supply chain.

To further illustrate this concept, a manufacturing
entity may adhere RFID tags to components as they enter
the production facility. These components are then
inserted into the production flow, forming sub-assemblies
in combination with other components, and finally
resulting in a finished product. The use of RFID tags
allows the personnel within the manufacturing entity to
track the movement of 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 ah attempt to
provide pedigree and to limit the infiltrat;on 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. Patent 5,674,381, issued to Den Dekker in 1997, (U S. Relssue Patent

39, 361E) discl oses,.th .of ."electronic Lapel s, d MARNI NGt aaw th
filtering apparat Esfkggd%rﬁgﬁ a(l:rété%?qgmft?f)t“er assen%?él es. Sp%% fically, the

pat ent di scl osesmany i bpetidmniong, arsushecsr o cifemelfvt rd hasew deead/ writ e

menory and anilzgis&qrﬁ:iit6115;.gdfg'LIII_',JI_e(ggeQ,gs PpaLa! us, thatehagrbaadodt yreans responsi ve

to the label. The electronic |label is adapted to count and store the actual

operating houPatsTt t b HagPacedissredi tPePerTHEXKEEt éMi nt Hppal%tius is adapt ed
to allow use pérdffeusakent 8HE3din)t Mischasad Qe thsies oreakitte®omunber. The
patent al so discloses.that the el ectronic Icfggg{a]écan be used to store

a

i denti fi cati oh®?H%r mali ofi°XWB\EPRe YL 19| PBPATatus T a9 patent No.
7,259, 675 i ssuepldeaBakerfieteal asdemsiclizses Spepibdcesklyoquitpmepdtdantacki ng

system This gystem.incluydes the us £9s hopepniunctjqn wth process
equi pnent . Théyﬁgloﬁetsaé gé?geersg?al“blen% gts] ?g%)gb{e of storing " at | eaast one
trackabl e eventdd/wWEiése memackabhe evemissoaratashufiditerédd agPrEEHSng dates, and

batch process.gat eg.sThe Rubki Galdan absediisel asescra RELWR1reagdar that is
connectable to a PC or an internet, where a process equi pnent database exists.
Thi s dat abasectefizorns hiped plse ACPRERADTR VB8Rt 8P4t °F4&n B8 ppFYainf or mat i on
useful in detgpsidtiing hauser ¥t Cend i f&plelcebbee pfocRss equi gaetérbased on the
accunul ated data". The application_incl gdes t he use off this typg of system
with a variet §PRF 4 Scess 8GEPHHENEC sUcRYas Sal Vs “SpURps, OFi It6rs, and
ultraviol et | anpser, basedl pnaddiiti oral ot Diunkgs, The pessitbididoy exists to

i ncl ude ot her el ectr.ani i h iJtecin e ts.a I Pat ent No.
. RN $.a508! |
7,048, 775, i sSUeC sgngggthhéetg%%éérgﬁgél gaskgés a device and fr’ret od for
moni t ori ng t hédemtidgct yoofirffiidrmeripry dhestathatiepigceable Liffps. pat ent

describes the use pfs fiddiehs GRNt &) NigRY 8P QRbead d cBEMAKKE CRitp and
comuni cations device, in conjunction with a filter housi n%. The filter
Fi

housi ng acts H&S@LIFSHi t 8r | RECERTT | SEBHPTIRF t SLREFINThaYSEFPBEi cHti%n al so

di scl oses a seys@dm Siresdto bige Used 40 RMSUERgE hin | ddrgighict yoofwitte filtering
el ements used In multi-round hoysin These steps i.nclude qu i ng the nmenory
el enent to vePFP§FThee TYHE<BE- fﬁ’? eg]’s]f%a%aq slsne?e%é:rﬁgg OTt gaﬁ?r‘gr%et data, and

its productionfrebeasimglat'mt least one trackable event”. These
trackable events are enumerated as cleaning dates, and
batch process dates. The publication also discloses an
RFID reader that is connectable to a PC or an internet,
where a process equipment database exists. This database
contains multiple trackable events and can supply
information useful 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.
In addition to RFID tags, the possibility exists to
include other electronics in the filtering elements as

well. U.S. Patent No. 7,048,775, issued to Jornitz et al



More and nore, other el ectronics such as sensors, including pressure sensors,
tenperature sensors and concentration sensors, have al so been added to
filtering elenments to further expand the capabilities of these devices.

Co- pending U. S Patent Appli ion bl j ;0N S. 05 2007/ 0243113
and 2007/ 0240 las?sdegcridﬁgila%di ?llf%na ectg{oedct rf%l%i ngg%gﬁn tz)cgleadded to
filtering el enmrearity phplidversypgt emtgdipbionmce and availability.

However, despite thesrapidhi NGdLas@ebNehbenabidd tyiiandst bendesiing to add
advanced electronics to filtering elements, there remain significant

dr awbacks. Fo?" exaRpped t“ﬁ§‘°F%SLﬁg"le 4 eE?’F‘WéPfaEbﬁﬂfmid@é(Hg'ﬁg t'd an

el ectroni ¢ deybCpindkcti Bhn watt & Nkesise St R&Usin@r. ofter £ieded ) hdwisigng r emai ns
probl emati c. Simlarl é . di sposabl e bi.er ocess systens nmay al so present
wirel ess powefSBhd Tbmiini B3PI £ i%0 ¢ i8S ™Y hi §SS8RViTonment, di sposabl e
conponent s ar gppficaninat etlso discdrseor ansere wiretess ©l avd rddc tdevi ce, such
as an RFID ta t er . e re. dher ikt abl e conponent .
Al t hough thesgn%u?rseposa I]E'éﬁtls!er gtlg%'rs%e{r gz%lr%o?lgg%t?grlggnegiﬁ n a%nel_lt%%:d %%usi ng, their
envi ronnent neylsitidounpe hobetrgs calfhgs<har¢rngi hgludeor I¢8daPpPe, ththe typi cal

bi oprocess sygigsppasskent |4 qz%—ri'f},ui:}@é apd oEher1@gueads eavidionments are
known to distort or attenuate wireless signals, and therefore have a negative

ef fect on anyu§fdelidss! Hoterdase  comtnifisc REPOH SORe Bl (héPnore, these

di sposabl e syst emyorehidn@ pdrERr idthe@OnRSlerued it 0f sytrasis cseasersof t en

supported by netal structures or fixtures. These netal tures, |ike

fluids, tend t3°dEGPEdePoFSaTsT or i PRE S0 r 6TERE S ghal gé%%}g{%eia%%vi cinity.

Furthernore, thecsitzetobn asehsposableebrbpe ovess wetedp trayfibeesinff i ciently

large so as tg, qRke the, diglance fe&%ﬁ}xéth@nt@éﬂé%ﬂQtEQ§ QNS s thin the
us,

di sposabl e conponents problematic. di sposabl e systens may encounter the
sane i ssues re@gerdisng 4™endssg cnfrunifebtitontRit Fdwer tTHEL1a1F€¥t s bi oprocess

system cont ai ggg. i pdoradbib oAl PoWS) HiPa AN r eRIENEG07/024049A e reliable
system and net hod of communicating with and wirel essly powering devices in

el ectrical |y €ReFTidfgi AL HiIEPRECeSLERIPF hnERts ¥ heRUed 8Anidry of the

| nvention £iltdhiegpr ebdedr sof tbheinpiriode adytstame penfdrnaedebyartche present

i nvention, which, dibs I.gses a met hod and apparatus for providing nore reliable
wirel ess commiif tat |lgﬁ dhd power to sensors in electrically challenging

bi oprocess envirorimertsr, despite the rapid increase in the ability

and the desire to add advanced electronics to filtering
elements, there remain significant drawbacks. For
example, the issue of effectively communicating to an
electronic device within a stainless steel (or other
metal) housing remains problematic.

Similarly, disposable bioprocess systems may also
present wireless power and communication difficulties. In
this environment, disposable components are often mated
with one or more wireless electronic device, such as an
RFID tag, a temperature or pressure sensor, or other
suitable component. Although these disposable systems are
not contained in a metal housing, their environment may

still be electrically challenging. For example, the



An unconnected antenna is |ocated within the bioprocess environnment. In
essence, this unconnected antenna is an unpowered el ectromagnetically resonant
circuit, designed to resonate with a powered antenna, emtting at specific
frequency. This .unconn nt.en referged 1q;:as andefdggtive antenna,
enhances and J%%Pn’tcragl glgﬁgege s%ctssggr%an‘ggtsi%%sf ?e\?d'cr eat ed by the powered
antenna. Thi saqufdugctdnyd rantemtr f5e i Keorpotat 4S9 tor opr ekFMtEt o t he
devices contajniNg8 SEHSHs,0fandC AT SRt hale deVidtiSeNEEELI LGl OMBgNet i C

i nduction is dependant on the design, or shape, of the antenna the reflective
antenna can be"¥ YHGIEESCPPEBP OF EPEMITICELI oY YIS FUIthe'Yfe enbodi nent ,
an inductive fh&ld disposeBl€dsPytend, 0Oapiaat panearille chbasatiaredofott hi s | oop
antenna may be_limted by caonstraints wthin the _bioprocess vi ronment. For
exanple, it n&%/asote‘ci'np?ﬁ%t iocéi]lent oS 1 ROA8% HY | ggﬁagufsfﬁr&cgﬁfE?% cl'ose to the
comuni cat i onfiemires.i helke fridtheér isnguetersnt . 1 ikeer Blui@yp, beepdr itous r easons
for this, includi concer ut e gffacks that,the | oop @y shave on

t enperature d?es?]!ral ut i%gn, c{(}r%tngi dt%%]ow. ﬁﬁ"lius, thegréffi cacy of tlhe i nductive

| oop is conprehéigddy . Thi Brdthermoroupl Edewi Shz€he dnouht 6£SPPEAA®and nmetal in

t he environnept,, cRR-Ar eathy ARgnade drrecpardigr mange ob thecs neluative |oop.
By placing a reflective antenna in or near the el ectronic, conponents in the

system the efet{bHagst if¢oRi &M BRRCHE dithaiCedeRRA pr BpEH nfined. In
one enbodi nengisgdrabhel | epvaead enpach Serafeor porated i @tiepbhedle |t er
housi ng. In anot her enbodi nent, i tt S siarr}l%origg{lgg egl iantdgn%hg.féiet er el enment
itself. In yePYEBEh&PYe BSaINEH 1% 598 ACSPPor aied i'hto T he di sposabl e
bi oprocess conpeneritcetisnclhnds fuivereddtasr dffgstandivnbesssBrettePescription of
the Drawings _....;nchl QUM & it ofa ! MRIdihheGndd JdikRAL T ON showi ng the mmaj or
conponents of the present 1 nvention; _ _

A more reliable system and method of communicating

with and wirelessly powering devices in electrically

challenging bioprocess environments is needed.

Summary of the Invention

The problems of the prior art are minimized by the
present invention, which discloses a method and apparatus
for providing more reliable wireless communication and
power to sensors in electrically challenging bioprocess
environments.

An unconnected antenna is located within the
bioprocess environment. In essence, this unconnected
antenna is an unpowered electromagnetically resonant
circuit, designed to resonate with a powered antenna,
emitting at specific frequency. This unconnected antenna,
also referred to as a reflective antenna, enhances and
controls the electromagnetic field created by the powered
antenna. This reflective antenna 1is incorporated in or

proximate to the devices containing a sensor oOr



Figure 2 shows a representative stainless steel housing that can be used with
one enbodi nent of the present invention; Figure 3 shows the inductive

| oop ﬁzed in one enbodi ment of the present invention; Figure 4 shows
one enbodi nent of the res nt. i nvention g o] a second
enbodi ment of “YHE"prate? ?ﬁﬁﬁﬁtlonncﬁefé??é%fqﬁgggFf%t%%é?é%i%?hg§Flgures

It is well knésgendaat |ondu:dte| otesign, berutshapged ofo theovdrderpeweiet o a devi ce

to which therE%éf%anthXE#éﬁﬂa.QQHPQ&Q'é”hméﬁéEheahbxp 8r\Wel £c€0ida1i s wound a
nunber of tines an alternating current is passed through it. This

al ternating cd¥rad®t- produces a changing nagnetic field around the coil. A

secondary coil, |Ggabad bRbdddfvtGe hYaicalive Sepasate anchdeantye from the
first coil, can then be used to convert this chan netic fleld back into
an alternating tRR% @S TR sTRRr YW LRANO h‘él?fsbgﬁ g gﬂ Hd"WeviSce to power

its integratedielteet b§Nt68straints within the bioprocess environment.

For example, it may be impractical to locate the loop
sufficiently close to the communication device in the
filtering element. There may be various reasons for this,
including concerns about the effects that the loop may
have on temperature distribution, or fluid flow. Thus,
the efficacy of the inductive loop is compromised. This
fact, coupled with the amount of fluid and metal in the
environment, can greatly degrade the performance of the
inductive loop.

By placing a reflective antenna in or near the
electronic components in the system, the electromagnetic
field can be enhanced and properly confined. In one
embodiment, the reflective antenna 1is incorporated into
the filter housing. In another embodiment, it  is
incorporated into the filter element itself. In yet
another embodiment, it is incorporated into the
disposable bioprocess components, such as bioreactor bags

and tubes.

Brief Description of the Drawings

Figure 1 is a simplified illustration showing the
major components of the present invention;

Figure 2 shows a representative stainless steel
housing that can be wused with one embodiment of the
present invention;

Figure 3 shows the inductive 1loop used in one

embodiment of the present invention;



Figure 1 shows a sinplified ,illustration of the major elenents used in the
present invention. Powered | oop 200 is connected to a power source 210,
preferably supplying alternating current. The frequency at which this current
oscillates is not critical tg the %rn%seg;(lbj){%%qltti oRrs apfdeal [ ddLQuencies are
contenplated. In certain enbodiments, specifi1c frequencies or frequency ranges
may be preferaitentdge;tand he interaction of the electromagnetic field with any
other wireless actdyitLes thal,sMY RecRHELRBbaid: XAMPAL, pidsemtparti cul ar
enbodi nent, wirel ess comuni cations may be occurring at 2.4 GHz. In this case,
t he frequencyi®fenti€ powered | oop may preferably be in the negahertz range,
such as 13.56 MHz or 950 MHz. Pictured above the power |oop 200 is the

el ectronic device 220 of interest. This. devi CgL2%0 Sbe a sensor, an RFID
tag, or any other suitagﬁé%f%‘gmﬁ%ﬁ-}f—w—%a&—of conponents. Because
of the electroni @ iiscowepadr &hedni hhéheimgdrdtden keni beabsbligwivtoas a smart
devi ce. AdditLONAI]Y .o LLS cdeul Ge, 1Pt cal Ly Al 38085 18 GOMBHPL cai on
conmponent, su as awreless transmtter. i s devi ce may al so 1 nclude a
storage el emeptnnexiidhnas TaPRAM Ior ROMirg chith thevwdewd c@ 29095 of smal | | oop

antenna, adaptegbd O SfCeiVe hengl s rammanet ii6 fJaebdagenesagiedity the power
| oop 200, and convert it to alternating current. The ovxgrm?ener,at ed in the
S

devi ce 220 i sThhenadseEntioFonerr 19 rRRAYSSAg I EBRTHI ATHE snart
devi ce. The appeid fcenrer@e suppl.i el tecéhmrgewidia,i Saaatuactinorn of the

strength of the el ect{loma Fiti c fi elq near, the device, as well, asg the magnetic
&t 807 b ant L e

flux density PeYHi%dP di 23R A Re T8 | PR the "a8Vi ce Can nunber of

wi ndi ngs. Ref ketl, varanthennae286ed stshmmvyeaboveipothrrchegpoaererid oop 200 and
the el ectroni g'gfc}“é:aec 2%91‘(: A§nsgi’{§g‘la&l:t1f)l§ecu?rérﬁf.l &LilsVe,apLeNNad S an

unpower ed el ec romagné(tl cal'ly resonant op or circuit, designed to resonate
with a power ethemt drnauseshi byi nigheat davigedérernfivited freqdeseyratsd this
position, the.jgflgsliicve antenna 230 has the ability to enhance and confine
the electromagnetic field between it and the powered | oop 200, at this

predet ermi ned fredUdiey. ThEsovel éct FHRRC d&di c@lﬁﬁréﬁb‘g?i &hces*%n enhanced
el ect romagnet ingjé+ Ul edddtM GgedDER pOMErpiache iimgeaedomi t Rbwetde devi ce 220.

This allows the op tion of the device 220 in_envirponment t he powered
| oop 200 al on O%u%[?bjesi%%nu?eﬁtgfieﬁf’ £oP8UBhI ¥t he nzce@deg)%fg?%ﬁ/ Fi gure
2 shows a conseppiwnmal sitdmlagssgstaeirehbusiThg aSs@viehyy 163 uskich n t he

figqtgéh% v dsicloap toadhti gpabesystem the

filtering of [,C ;
housi ng assent'l)iF?g gggggésdtd?%/slscdle into two parts; an upper housing 110 and a

| ower housi ngingentifie | ener #HousiffgIrcias t PprcafPy-FINédedn plitace, as it

contai ns the pLupbiNgeARshBlReL! i CRlect@npectbgisnd @ st her Unirkqusidy | t er ed
fluids enter the | ower housing 120 _through an inlet conduit 130 aend filtered

material s exi E3P9RS | BRerPhoRETIRF2P36 Wi &R St 0 TEORTLIT™ 1%0. 1
Tradi tional | yelstaiddagsstst eeleis wised ang rakert heseldwsusicrgsitHowever, ot her

metal s can al ?g E]e uatI | %Zed' z:esl:]enatn.ot Iilgr eenpa(?n%lg?nt in plaaStﬂa(f:tQ' B&Pa(]! al can also
be nol ded to f8fm tHe héGsi RS tonponents.

embodiment, wireless communications may be occurring at

2.4 GHz. In this case, the frequency of the powered loop

may preferably be in the megahertz range, such as 13.56

MHz or 950 MHz. Pictured above the power loop 200 is the

electronic device 220 of interest. This device 220 may be

a sensor, an RFID tag, or any other suitable electronic

component or set of components. Because of the



One or nore filter elenments may be installed in the | ower housing. After these
el enments are installed, the upper housing 110 is positioned atop the |ower
housi ng, and secured in place. Typically fasteners 150, such as netal clasps,
Tr-clanps, La%%%é?}ogkggpfnégr 30d.6! 8PShe K 148€d;10; holfsd hgdupo portions

t oget her. 0 I nsure a proper seal bet ween'fhe upper and | ower housi ngs,
a gasket 160,asushsasrandevitag, Afditinsieddy! ythis| A28Hce | AYPES l¥ases, this
gasket 160 i s,{d0sshapedonfin@ARUbar compbser@dskatcnl6l is sonstdsucted from a
bi oconpati ble nmaterial, which is able to withstand the tenperatures attained
Wi thin the hot&anfgitFAT additifondeYHeE nBEEr iH3omustcHi%o Be SutFi%ient !y

el astic, SO as1dn@nfQr Buam £ ra and bk uraM.t mghhisesie deriaepz2d ery @ed enbodi nent,
a silicone-based material is r‘léDl ded i nggattheed reqtuci> redresgleap%. Tmh% gasket 160

i s then pl aced™bet weelPthe Pper"i10 afd°f ower housi ngs 120, preferably in a
groove for medelertaneagnetiot hfoéld hgengppéedamd |tdwerrdreusilnpy td%nsure proper
al i gnnment dur| Y. . I odLhyEN L ONE ectri cal
conduits (not g@%o%%§gghchl%s tv?/i reagjzggrr?aegﬁl dgd i nr}tto' the@ggg‘iliéfﬂe%o. The
gasket 160 i sgprefasedblip prhedudeed casidtd dsdditsie YhsAdity RGEesd® so as to

insure that thg,condy t3eaf fortapliat @hy engapsidated whé himoddie gasket
mat eri al . I n one enbodi nent, one |arge powered inductive |loop is

provi ded al onBPYHY | ARRRLIES cHAT dMncB@eBC% he® arfufRPCykefE ad'°shown in
Figure 3. An gtegsigrhcak epadilidctenphyedes: tthelgasdet t380davpter adsity of tines,
with a greater nunmber_of w ndjngs.jnducing a greater magpetic field. This
enbodi nent pr B%flde%s R f“ggrsl‘f{b‘?sfrluup idgrqs?%yt%elaﬁgrgnﬁ ?F%I %jlﬁf oo\;e\f/I within the
housi ng assenbhy. chole irhathen deivgeee $1d t hhee rumbeer & emendsnBL0 are shown.
The inventiong] b htgdnt 0o8h1 $ senRedh MBPLye MDbEn Obnd eYBlefdd tering

el enents can %%Flu%qltlivgegfntt%yrﬁ%caﬁpy, s‘such _syste\Fres use 1, 3,16%1,;(3 10, 12, 24 or
30 filter el eher s2Qh amdhéhsi Agectronic Pgviematie & COAFRR2RNEfiel d, an

unconnect ed, gr  kefd@GllVantaRh£NDA £MOInShRWBY bSeétisRiabadticdnit he _
environment. The placenment of this reflective antenna is criti %ala to achi eve

the required FeSUIAE |1PBhePBnBoBFHENt , ‘T HEFET IFEct i Bt edtd ™ € | ocat ed
within the fipbesddyg altemeal ienseting at a brgdeterhishdwsraqgtemciti onal
filtering el epent 400. The.filterin enent 4 s f f i rst endcap
420 and secongger%%ip pzf’f%,%lgnbo%éﬁsgrcegflrleegg%e a%gt%&?raengrggﬁg’a BO&JAS can be
shown in thisadikawing.,o temdrecesaat ocenfige 4126 ekeerdimagreiom fheldsecond endcap

415. The edgebgﬁgée?1 (npt _sgﬁgyn) ke hondedstoitBe fixest and segond endcaps to

forman integra uid tight seal between the edges, of t he nenbranes and the
endcaps such phedetgirmippdi dfeprusmeyout Eitfe oflEREEXHG r id8yécfustbhass t hrough

the nenbrane 430.befees raachhngnddie sasdurodgenétiEr EDix Or aQUbk g 410. Qut si de
of the nenbrane is an outer cage (;140 t hat i.s p?{ oug. .The %%pe ,f}rélllos i's
preferably pl BEFF cPOURT chhOi PLeabt BT W Tt End the Bl &Tat €0 't ener at ur es

within the hodsiews e opstdtiiong dfi | trer ideyiekeent i40Ctviepeherts has a hol | ow
i nner cylinder, with ong open £1Y 389 906EFRRSH S0 ANMeAR; O &fo Cyl i nder.

The area
supply the needed field.

Figure 2 shows a conventional stainless steel
housing assembly 100 used in the filtering of
pharmaceuticals and other fluids. In a traditional
system, the housing assembly 100 is divided into two
parts; an upper housing 110 and a lower housing 120. The

lower housing 120 is typically fixed in place, as it



bet ween these two cylinders defines the frame of the elenent, and the |ocation
of the nmenbrane or filter material. Unfiltered material is presented on the
outer surface of the filtering el enent, passes through the filter material,

and exits vi a.d %iggerahgngl&fnbbhf gﬁqiéﬂecrt'rical cor]-r_r@ctfiiolngert_o”%ebe made of

one or nore menbranes o ny variety commonly used in fllterlngincl udi ng but
not |inmted tenifi-cr Bpbtbirredenblariss, eobe¥ afitet r Ae¥oh ReHPt2hed 20

nanof il trati opy, BRAr aNesn16f ESYRIiSE 108MRSH St IBHANaste Pr&ferahky n croporous
menbranes are used. Representative suitable m crgﬁor ous. nenbranes incl ude

ni trocel | ul os&® derral beE iaget P evih Ay SiFbHoifesrntI il 'ng pol yet her sul phone
and pol yaryl sul phareait pslantiynyktdemesfsl saeeteis palegolef nake stratseas ul t rahi gh
nol ecul ar wei ght pol yet hyl ene, | ow densi ol yet hyl ene,_and | ypropyl ene,

nyl on and ot hlg?usﬁé‘lgﬁan}xaéé%‘,’erPTli’@?‘efhg‘?ﬁ%%%/a‘%ﬁ éﬁﬁoug?i ha gﬂz%gl g/iﬁers such as
poly ( TFE- coPFAMEBer empodPRéyt pobdecaribomatesialr gy tdakde ¥4 |haldledenbr anes such

as EMPORE. RTM g r apes, avail.ahle §1Qmns3M of M nneapolis, Mnn. Such
menbranes are we nown 11 the arFt), may be symetrical or asymetrical or a

conbi nation of th&rewerandrar &l ldermelerarts BavailcaBPretetbifl dvdfi®ety of

sources incluging Dwhaneee0 Areabr angscardeMhid pore ExptLsis@, marer anes
available fromM I 1ipore Corporation of Bedford resentative

) ) , , SS. Re
ultrafiltrati 8PP TPNTERPI LF8t F8n PRENDYAHIRES G598I Gglg §8V‘§/’éup%‘h%ﬂl , i ncluding
pol yet her sul phginesadickqaol irar yl &4 .phoiasal ppl yestuddrdensof, | uvorchdeys and
cel lul ose. These nenbranes_typically include part . lLaye t is generally
formed of a higHty PéP8is H%/u%]taﬁnlpg.' ?%ﬁ:%l Cﬁln g’fgig sbf%% £[;]h'gerlébz-s'support
| ayer s i ncl uderearseduso nos-dvrhentwatmrhtabss stedetasrspun bounded. pol yet hyl ene

or pol ypropyl ene, .or .qgl o] i o] Lrdral $.069F Megy of oddie sane or
di fferent polyner Igfs l%ﬁ??re?mé%{?e&lr %%gFf Bé%ﬁgééh nt’!eh%brg%es are V\CI()EH known in the

art, and are tomimasall gagtar| 4bPe $v@mas Ay idyngf 48uF¥RESEeh as
M1 1ipore Corppratian of, Bedf orgdsedVBSHis gasket 160 is ring-shaped,

or annular. This gasket 160 1is constructed from a
biocompatible material, which is able to withstand the
temperatures attained within the housing. In addition,
the material must also be sufficiently elastic, so as to
form an air and fluid tight seal. In a breferred
embodiment, a silicone-based material is molded into the
required shape. This gasket 160 is then placed between
the upper 110 and lower housings 120, preferably in a
groove formed in one or both of the upper and lower
housings to ensure proper alignment during assembly.

In one embodiment, one or more electrical conduits
(not shown), such as wires, are molded into the gasket
160. The gasket 160 is preferably produced using a double
molding process, so as to insure that the conduits are

completely encapsulated within the gasket material.



Nurmer ous patent applications, including co-pending Patent Application

Publ i cati on Nos. 2007/0240578, 2007/0243113 and 2007/ 0240492 all|l describe
additional electronics that can be added to filtering elenments to inprove
system per for mance and ayal LALLILY o WR0Y 0! heseqelieghionie by ces 470 are
nost advant ageously locate Wthi A Che hol fow i nner cylinder of the filtering
el enent. | n ths sprarided, al enpetl uymmerprcésserierepsacent FARi aMHRd ot her
parameters of %é\é‘etf,i | 161 ed Rt efd aki g be . measueedet RWahihessmia. often it is
desirable to ace the electronic device 470 on or affixed tqQ the closed end
420 of the fitreridgseldremasket 300TiHe RYWRLGEYt REsE PPt et &l enents often
neans that ther&d@my QgeaNbd NehRSngaNdn80aEtd Nes gsexesal mbgedtichet ween the
base of the filtering elenment (i.e. the Qpen engé %\?d ':cLheu Q&%%Sittoe cl osed end,
where the el eftedhi ¢t iddvi TR oPEM G neP B A Lot ed W t A*The powered i nducti ve

| oop 300 bei nghé osatred Ndaridt Heocepehtieir, tles Ishowungi asFegiokes ¥otand 3, this

di stance may r obl i C.-,Addj tionall t i ey is typically
inthe fluid ;p)}g?tﬁ, R hggg‘%ﬁuert%’erg&t%?p?%rﬁ%ﬁn%%ﬁ%ﬁe%ﬁoﬁ%ﬂnge/%% field.
Furthernore, The staintliessisteet hioudieAgteurhburkiting AR i T i9%g el ement

al so degradescthe, Winekessy PerdRLIBNES, Recayse od. theseafagf ofn it may be
necessary to enhance or confine the electromagnetic field so as to maxim ze

its effect nedrstems ere&ctrodi codelcd?r 24 °T % GrdEnBFoaraeht 1t he

reflective anhenh\&i430 is located in the hollow inner cylinder of the
filtering el ement 400. The | oop 480 may. be _near the clos 420, so as to
be near the el ect r'éhiC BT c8F 479 1A% érhﬁaﬁl%g%’y,aq tunncﬁ?gg(é&%}gcaotzred in any

ot her suit abl eefDeativen. afreheaabl not hehavel)| eict | yesearvednniant480ches nol ded i nto

the frane 440 _al ong | [ r 5 a .Qcbgexposed to the fluid
pat h. Thus, tﬁgv}re mée%?i'vgngn ]Z%%\efg%&goégugtﬁ%e%{oh%ta(t:tttégebg?v\een t he hol | ow

i nner cyl i nderrawicalhe 44 | taghipgeer ithle. required anveHert -enbBdi ¥t , the

reflective antepna#80 i snkocatfehdiRet harehosed end42Q ofckhe fidtering
element. Again, the reflective antenna is preferably nolded into the plastic

to as not to Bélesqdge§lenetthe ®orLEd f1 ow. | n anot her enbodi ment, the
reflective antennarid8Qei 3 lsa6ated tRaditachaaneidddialgorgehnbet otd®r surface 460

of the filteri evi ce 400.. Again, .the.lo i s, preferabl into the

pl astic so asTH%t gf tHe " P seg‘gn%o‘;f)hé ﬁfui(%gr'?‘f%w?? ° %l§¥%ggh<?ﬁago reflective
antenna 480 i 92notanclonsmsineld, etdverre #55noanaedote swasl y4ahy aslect ri cal _

condui ts to tﬁgxaﬁ;&or% 45*&;4%3' tSnl BEEQREEA O, i f1Q theufibht ethdg el ement 400 is

achi eved by nol'ding the 1oop into the plastic housing. stated above, the
exact |ocatioanoputhet | bop ETEIRILPRI ArehetFs | 179 Ag eBFefRnt1? s Bif

i npl ement at i O@dggczi,éiil%n (@BE ESolOt alrknbbgek Py ot RBe PEESANTankiN¥EBénDN.
endcaps to form an integral, fluid tight seal between the
edges of the membranes and the endcaps such that all
fluid on the outside of the cartridge must pass through
the membrane 430 before reaching the cartridge interior
or outlet 410. Outside of the membrane is an outer cage
440 that is porous. The cage 440 is preferably plastic,
which is able to withstand the elevated temperatures
within the housing. The resulting filtering element 400
therefore has a hollow inner cylinder, with one open end

and one closed end and an outer cylinder. The area



The above description recites the inclusion of a single reflective antenna in
a filtering elenent. The invention is not so limted. For exanple, the
reflective antenna may have as many turns as are necessary. Sinmlarly, nore

A N el LS8, ARy D2 A ALY O A alIObe ikt ef N0
d tha

el ement. Moreover, it IS con in an environment with nultiple
filtering el eerEmtestwi tdTich ahsl rig:lcethelmsmfg thehamephrdne f ort efiligrel ement may

be equi pped W ify iits. Ownféfé&faoatn%%r@faieegl Be MM RAND, AlLrdiatvel y, not all
filtering el enents w thin a housing need e equi pped with a reflective

ant enna. surffigseabdl e thes chriliFeirénd r @élef“%%ta QééR%? tHEeU8Ri °§ bet ween an

upper and | owef; QUShAG4iR18 howsi _giassentl yehdowvpuer erat het Iwneations are
possi bl e. For exanple, a gasket of the type described can be introduced

bet ween any t@W6'<E5arabl e portions of the housing. For exanple, in certain
enbodi nents, a gasklet fextst Smebﬁtmamadeheaft opevent mand nhebtaesveft pipe. In

thi s enbodi nent p055| bI to dinsert.ihe gas nt invention
JarietyPsRh O eI ;108 gashek 0l AR GRe

bet ween t hese®? sepa ons ocati’on iIn two separabl e
portions of hbimsiteg cote togetir@morean benqysbefén?@r i nsérttraifhi‘ér@fdﬂ@et In the

housi ng envi r ooBnLLher, %n@Eﬁ@H{% nl QRALEORSs | NoMhi-ehethe s&fdActive antenna

can be placed. For exanple, often an alignment plate is placed atop the
filtering el eREMEERSt o WTGTERe i FBIPREECUF| FEFR 3" ShoRESt & se of an

al i gnment pl aﬁ@pwnﬁ:etb@é d dheaphur ahidnepoiobs | trﬂarmmgnelserremmdélo in place.
This alignnent plate stainl steel Lor other

[ pi cal | nstructed, o
rigid nateri aP%t’i‘?fﬁtuPi%?%’t cor‘i%%i‘g?lseand ragfeﬁ?{']e’t he &Y &'cfl M Support during
the process. Sh¢dnelihhi s aldlganeantsyllpabteei s hotat edohwwmylshépktdsed end of the

filtering el erreiéé]sl &9 ohd G30.POSITIY %Jh Yor&fs ;lf;gt de electiopmgngtic field

near the enbeld roni ¢ devi ces ective antenna can be enbedded
in this plat emohecallramnb@rlgbt \m}s'etllmlem% dmb'od-‘lerﬁ?ﬁﬁiy tied YaFhykifent plate is

constructed ip,8uch,§ W@%( yBshe, 0 EYldd | lankit Soduenct ponydnadael d st filters as
well as control the eF romag netlc field. It is obvious to one skilled in the

art to choosethefearlassie hﬁ’cu‘?@éﬁ%ﬁddéﬁimﬁ oWt 2eh&°h8udThy Ehvi r onnent
are structurabkpyve), e.g. PFA, polycarbonates or particle filled

membranes such as EMPORE.RTM. membranes available from 3M
of Minneapolis, Minn. Such membranes are well known in
the art, may be symmetrical or asymmetrical or a
combination of the two and are commercially available
from a variety of sources including Durapore® membranes
and Millipore Express® membranes available from Millipore
Corporation of Bedford, Mass.

Representative ultrafiltration or nanofiltration
membranes include polysulphones, including
polyethersulphone and polyarylsulphones, polyvinylidene
fluoride, and cellulose. These membranes typically
include a support layer that is generally formed of a
highly porous structure. Typical materials for these
support layers include various non-woven materials such

as spun bounded polyethylene or polypropylene, or glass
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sound and remain electrically neutral, such as a high tenperature

t heronopl astic or thernosetting polynmer. In a first enbodinent, a single
reflective antenna is enbedded in the alignnment plate such that it

Cl f oumser | bes @k dfBeolL LASING,E! aBRLS of iR sekend:oabedlimal
plurality of Peflect ve antennae, prefer one for each associated filtering
el ement is enbeddwd. asn thisi seppsane ea‘@:?rﬁlrfef Isé‘éf‘l PEMBR TP XS r'discri bes only

its associategd, ] tgf i@ elerenha The E@M@féﬂa\myaetf@ﬂmearﬁoaasl l'y
integrated into the environnent by sinply placi ngat he al i gnnent ate atop the

filtering el en®hitedy Hefe T °Ré r%‘fcfrbctaFv HteRhY nedd Rt B edded in the
al i gnment pl abeaB3Q, Maset her enbodinents, it is nolded in pI ace adher ed,
heat bonded and affi xed usi nanny suitabl e _net hod. Fu&%m e al i gnnent

plate may be a st AUFERYS sPEEP b APRII T WKPEh plastic nt ai ni ng one
or nore refl epatars antAephaeams:nafflebmcatlon INO%.ddI tZO@ﬁ/ﬂé‘l%frﬁeﬁrt devi ces

used 1n 1111 e5ofioNRlR98s Ly PHE5FN2402¥eNd 0N Basciild | kMot {dhdd sposabl e
bi oprocess soluti'ons. D sposab I oprocess sol utions repli cat e the basic unit
oper ati ons of ehegtufoadear ithgt pretePsesdspdr épl ddilhgr e ¢ Se ¥er manent

conmponents W i, &i2P0sabl & CQAREPEM e Alahcﬁlo%ialubsiht@re RUARr s benefits to
a di sposabl e bioprocess sol ution, chief _ampng themare the cost saV| ngs of

el i ninating nBPPien&SRhEELFONIR cPa%hFTYy 4nd t¥sti R stn%%’&é‘éﬁ?%%ﬁ dpr ocess

sol utions ar elg&&tﬁicaluﬂlyhmdﬁu@fhdmwcoﬁﬁeqohgyauﬁaét yoff |téei fliétenigonent s t hat
are pl aced |nt a reusable s uppor t structur rci ilable system
such as a Mbf %Wt[] spggabl% Sol ufP6R°T T om f%@‘%@mrgg%é?%eﬁ cont ai ns

di sposabl e conporerirstibhspasabl elsonpeasanstansc| wde tthbes fiteewastt ors, bags
such as for s NOye C&ldas@ioMt h {hiLeastor shecegnduct ing reactions
and the |ike, Fn%&lgl erscélrlldg%et her si m ?Mar cot onents. A bioprocess environnment
can be creat edesirablel atosurlasee, t%acr?la§ta°%fb| gespce ort'$t aBRedP™on a frane.

The various cQrpphents ahe adseageddasd eguihed iy ek hrg pardreatl. ar task. Often,
many of these conponents are eqw ppedf[lgﬁﬁel ectronics or%]frrart deV| ces. These

smart devi ces can B¢ u3kRf t 8f mtdSdre B uP P EssUrE” pff 2 toncent rati on,
or other infotngti @here may PbeXtmEe$ QhcBés UChbdesomofiress madeeofl metal for
strength, support the vari conpaone bj e et To power
these smart d v?%e % 50\/\gr edd rr%ugt Pb% #ﬁte@ Eﬂ %P&(ﬁ 2&:33 %r o%%rrate to the
bi oprocess sebpgn Iemct)ne aexntbodhﬁen@ppqmepo@;é%%ﬁ I cﬁmirl svharel ofq he fl at
surface, i r CURBCEi ;00 d@%ogrlgm;gnaaq N8c0fed NGiiREORRACESSe 56 UD. The

el ectromagnetic fie d gener at ed this is then used by one or each of
the smart deviie@sstiys d@ophéopedq%nquéoﬁé% i PRRF abR PPt ol power ed

| oops may al s@nbgn used flﬂirglﬁ"eﬁl USt eén@f ¢) enenitss afiskahceachay ndievi dual

el enent as desired. t he. chal | engeéﬁrrentl oned earlier,

such as di st aREEPLSRATd6us éﬂgf‘fb‘?ﬂ?elr}tys 5{1‘3 hP 4 THEPAF c8R&ERT rati on can al so

be present |ntapﬂ¢§1p@sain btiopr 6tess setwp. thher eforher tompaxriadizey t he transfer
of the el ectropmanallc, pover, from be, poysted: .n Lo the smariodevi ces, a
reflective anténna can et | ea I'n some or I sposabl e

phar maceut i calsteehpdmwastisg surrounfifng héheasélkﬁerbhér eakaenthagsso t he
reflective anh@gpadecsan e epbedded i pothefBleri abossed tosformat least a
portion of the or the entire bag if desired, or may be affixed to at | east
a portion of tfﬁét‘b{ﬂrerl"sd}mac%e oPeEHE Aag.tol (HABCRNBEICRBALLS t HeS el ect roni ¢
device is afficxed: tdndgherodt efeBaIr §aCes Ofo t ek hage Wickhetthect efidecti ve antenna

also affixed to the bag, .around the devi ce.
the electronic device.
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Figure 5 illustrates an enbodi nent of the present invention for use with

di sposabl e bi oprocess sol utions. Bioreactor bag 500, having inlet conduit 510
and outlet conduit 520, is optionally placed in support structure 530. Located
preferably on the flat support. surfa IS d.i i I qep 540. In
Figure 5, the I006n54cﬁ"e| sg'ﬁ%%&a]tmée&tdi &2’&@ 1%%2’2{’? tahggrls[llﬁ{)p\érg? g?'r ucture 530,
but the inventéwateds imotthe nhokley ointis erbiodierertf e FobpPErH49 may have a

| arger di anet g{en%q 2061 rele 19ekt hBb eniPHRONEAL ScndWibRean®&, 4dohe i nductive

| oop 540 may be enbedded in a mat or other surface on which the disposable
conmponents ar° pl @ed.tq9 n Bich "ga&cerdld o, X EECreS 0f99%36Fs tH&r mnic the

| ayout of theaweddnakhowiganibemgpbeddedchted hen mahy sueér t battddie | oops are
positioned at_the |ocati on$9 on whi ch devi r%gs t\_{\ll Il be tgl gcedwo . Locat ed on
bi or eact or balPBUFPs ah* et ni ¢t omdSHeRtT16r SPart device 550. To i nprove
t he el ect r omageeidac ifhitel dhaearandisiosmphg devs ciennez sefFect i 440 &t enna 560 is
pl aced around_th i of eagtor 00 il.e e ti nt a 560 in
Figure 5is |%‘Léa§1é’3 bt[é V\g%n ?%gb%ﬁo%me?%\(;wghﬁduglﬁ/&e F%)%g' Sﬁughde%%e smart

devi ce 550, thefiaprénei antémnandBOspust e d@catediketaiess EbRtRMPI%4t ed that the

smart device ig.d0c3tedabeturennthe: 1efl getévaiant enna 560 and the powered
i nductive | oop 500. In one enmbodi nent, the reflective tenna 560 is

affixed to the bi dreddPbPehaIoreRtcH5s TBy L heat G PR antthér enbodi nent ,
the refl ectiveoadteRNna 36Q ieoesheddedsim shecrh ofidaetangbaged®d®.. | n anot her
enbodi ment, the reflective antenna 560 is affixed to.the ort structure
530, which in®#&tH h edsretft‘}gc%f‘%? e3R8 %hay %elrﬁg%ortmﬁg#eodgnqbn&gi nent, the
reflective anteandas6@ci so enbeddedoive theoseppor tthst Fletdirfd o830. Those skill ed
in the art wil resodfighet Nl iBhi ehOloeCon Ales (aha DR g1sed to affix

the reflective antenna I oreactor bag 500 or the support structure
530. Whitpeattade inertiebiformact6? dhepd sthesedten fhefHEscti%tdfon above, it

shoul d be realjzed; {hatinhhachiesenboi Nvgitd, onnean cepenat @rwkéfa@ny cont ai ner.

Furthernore, a simlar approach can be used with other disposabl e conponents,

such as t ubes™¥#Rs rigfcedtiov@ @atefina°can Bat ehbeBBed* PP Ihe"DIHEEtic tube, or

can be affixediufd efiekvably to the outer surface of the tube. Though

soneone skilled i:"h.t he art of f'&nducti ve .antenna desi ggtn%nggfgég{,e to maxi m ze
z )

the induced current™5y dpfi ficZiRg-tife TOGIEE 4aRd racérver Coi here may

still be limtbend isi 2@ orecdost wippillieaneceiorsrical |corfwdtentediion of a
reflective anéﬁ&pa bR, & deyd C%np&#fami'oﬂl iy chequees iGeat ; And.$ehdht conmpl exity
ux

by i nmprovi ng e el ect r'eragnetl C ¢ relative to the device, This can be
especial |y trd@0fas didpesasl ®vbitpiddeess<hsol dPonstfhetee t RE2YSET, not the

manufacturer gbudfigy dewi cear¥il bndslat ermenexbbe piussiieal osetup ndog he devi ces.
IMe, MVentioneb MENES kR TStDing thaShetd'® PR Chtp R8E N o 1O USer
Site.

decision and is not limited by the present invention.

The above description recites the inclusion of a

single reflective antenna in a filtering element. The

invention is not so limited. For example, the reflective

antenna may have as many turns as are necessary.

Similarly, more than one reflective antenna may be

incorporated into a single filtering element. Moreover,

it is contemplated that in an environment with multiple

filtering elements within a single housing, that each

12



It is known that the use of a reflective antenna to inprove the induction of
el ectrical power can also be used to inprove the ability to communicate
wirelessly with the end device. A powered antenna can be used as a transceiver

antenna with a | at | ectric I O t syppld.gs I.taQd two-way
comuni cat i on?}%g%gﬁégeggergeen\% cgl.yTE!Esé(li]srb?ﬁg P%}I; ca folt‘fﬁc?ipgér!\\?loﬁ‘ II%FI D reader
ant ennae. Si i reflertiiMeFi gurenr®,. t RbtoriiaehucetdtcalelBi of éhed6mIbag 500 may

have an el ectg i sahglentihats Mistshg VASID! €t get RRuUUSEEaORithe st op of the
bag. Scal i ng the bioreactor bag up in height may conpromse ability
reflective antenna.

The above description recites a gasket that exists
between an upper and lower housing in a housing assembly;
however, other locations are possible. For example, a
gasket of the type described can be introduced between
any two separable portions of the housing. For example,
in certain embodiments, a gasket exists between the top
vent and the top vent pipe. In this embodiment, it 1is
possible to insert the gasket of the present invention
between these two separable portions. Any location in
which two separable portions of housing come together can
be used to insert this gasket.

In the housing environment, there are other
locations in which the reflective antenna can be placed.
For example, often an alignment plate is placed atop the
filtering element(s) to hold them in place. Figure 3
shows the use of an alignment plate 330 to hold the
plurality of filtering elements 310 in place. This
alignment plate is typically constructed of stainless
steel or other rigid materials that resist corrosion and
retain the structural support during the process. Since
this alignment plate is located near the closed end of
the filtering elements 310, it can positively affect the
electromagnetic field near the embedded electronic
devices. The reflective antenna can be embedded in this
plate in a number of ways. In one embodiment, the
alignment plate is constructed in such a way as to
fulfill its function to hold the filters as well as
control the electromagnetic field. It is obvious to one
skilled in the art to choose materials that resist

degradation in the housing environment, are structurally
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for the el ectronic label to conmunicate with the powered comunication |oop.
An appropriately placed reflective antenna 560 will communicate well in an
el ectrically aggressive environment. A single reflective antenna can be used

for power and i£ation of | L bel t .
Co SRS ELR o eil Scﬁqcsﬁwﬂgstm,e sih 18e Leadeh

Though the er ments in this ose primarily describe nmagnetic induction
| oops, this i|FREIFREATE sthrtomeplppbic edf. thREMP T EEri Pel¥tend® éan al so be of

a different shapg, sMEAiRsHt,hat s@hgfe didrle@r i i®r£hderphCal | ¥mbtsRddf or
conmmuni cations. What is clained is: 1. Afilteri ng el enen goggr%i sing: a. a
X

cylindrical bty Phadlhg e Henbtaife R nf*n dut & "SUPTHCE® ed to
unfiltered matefdeal fantedihg nBeemsidS.acen &. sacchdseshbeddment, a

plurality of reflective antennae, preferably one for each
associated filtering element is embedded. In this case,
each reflective antenna circumscribes only its associated
filtering element. The reflective antennae are easily
integrated into the environment by simply placing the
alignment plate atop the filtering elements. However, he
reflective antenna need not be embedded in the alignment
plate 330. In other embodiments, it is molded in place,
adhered, heat bonded and affixed using any suitable
method. Furthermore, the alignment plate may be a
stainless steel plate to which plastic material
containing one or more reflective antennae is affixed.

In addition to smart devices wused in filter
housings, the present invention has utility with
disposable bioprocess solutions. Disposable bioprocess
solutions replicate the Dbasic unit operations of
manufacturing processes by replacing the reusable
permanent components with disposable components.
Although there are numerous benefits to a disposable
bioprocess solution, chief among them are the cost
savings of eliminating maintenance from cleaning and
testing. Disposable bioprocess solutions are generally
made of low cost physically flexible components that are
placed into a reusable support structures. A
commercially available system such as a Mobius™
Disposable Solution from Millipore Corporation contains
disposable components. Disposable components include
tubes, connectors, bags such as for storage, mixing, cell

growth (bioreactors), conducting reactions and the like,
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c. an open end through which filtered nmaterial passes; d. a wireless
el ectronic device affixed to said filtering el ement, said electronic device
conprising an antenna adapted to receive an el ectronmagnetic field generated by

a powered | oop. gntenn nd_convert. i. o] i.ng gur . e. an
unpower ed el egjtl?t(?r’fﬁgngplgcafﬁflerr essblﬁ“a%tr%tagan?!éﬁ%%g’%ﬁxe tfcg?gl'%? E?I tering
el ement posi téonedngentscem enharesdedaiod el déekopagfrad -c I8l @sr écei ved by

sai d el ectroni g, dgyi,ceor2seIBRd 1 bd €11 Parkl et Rfriclidi Bbdporihieiei n sai d
unpowered antenna is affixed to said inner surface of said cylindrical body.
3. The filteri¥ry BEYRE 6F crEPATAd Rhebhs P GubpbohRted Eitenna is af fixed

to said outerpsuy focecfsesadhpobhtdrifal edped4by Theettidrardsngrel enent of

claimi, whergin sald;unpougred antenng 1.5 .affixqd to.8akd glosed end
temperature, pressure, pH, concentration, or other
information.

Fixtures or structures, often made of metal for
strength, support the various components in this
bioprocess setup. To power these smart devices, a powered
inductive loop can be placed prpximate to the bioprocess
setup. In one embodiment, the powered loop is laid on
the flat surface, circumscribing one or more elements of
the bioprocess setup. The electromagnetic field generated
by this loop is then used by one or each of the smart
devices, using the technique described above. Additional
powered loops may also be used for a cluster of elements
or for each individual element as desired.

However, many of the challenges mentioned earlier,
such as distance, aqueous environments, and high metal
concentration can also be present in a disposal
bioprocess setup. Therefore, to maximize the transfer of
the electromagnetic power from the powered loop to the
smart devices, a reflective antenna can be installed in
some or all of the disposable pharmaceutical components.

In the case of bioreactor bags, the reflective
antenna can be embedded in the material used to form at
least a portion of the bag or the entire bag if desired,
or may be affixed to at least a portion of the outer
surface of the bag. In one embodiment, the electronic
device is affixed to the outer surface of the bag, with
the reflective antenna also affixed to the bag, around

the device.
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5. The filtering element of claim1, wherein said electronic device is affixed
to said closed end. 6. The filtering elenent of claim1, wherein said
unpowered antenna is in the shape of a loop. 7. Afiltering system

comprising: a. a hQusiROis 0113 ROUELETah NAMELAMRACM: | A3l dE sald housing;
invention for use with disposable bioprocess solutions.
Bioreactor bag 500, having inlet conduit 510 and outlet
conduit 520, is optionally placed in support structure
530. Located preferably on the flat support surface is a
powered inductive loop 540. In Figure 5, the loop 540 is
located directly beneath the support structure 530, but
the invention is not limited to this embodiment. The loop
540 may have a larger diameter and encircle multiple
components. Furthermore, the inductive loop 540 may be
embedded in a mat or other surface on which the
disposable components are placed. In such a scenario, a
series of loops that mimic the layout of the work flow
can be embedded in the mat, such that the 1loops are

positioned at the 1locations on which devices will be

placed.

Located on bioreactor bag 500 1is an electronic
component, or smart device 550. To improve the
electromagnetic field near this smart device, a

reflective antenna 560 is placed around the bioreactor
bag 500. While the reflective antenna 560 in Figure 5 is
located between the powered inductive loop 540 and the
smart device 550, the invention is not so limited. It is
also contemplated that the smart device 1is located
between the reflective antenna 560 and the powered
inductive loop 500.

In one embodiment, the reflective antenna 560 is
affixed to the bioreactor bag 500, such as by heating. In
another embodiment, the reflective antenna 560 1is
embedded in the bioreactor Dbag 500. In another
embodiment, the reflective antenna 560 is affixed to the
support structure 530, which in turn holds the bioreactor
bag 500. In another embodiment, the reflective antenna

560 is embedded in the support structure 530. Those
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c. afiltering element, |ocated with said housing, conprising a nenbrane and a
W reless electronic device, said electronic device conprising an antenna
adapted to receive an el ectromagneticfield generated by said powered inductive

| oop and conveg i, idy t g, aldher nald ng, ehr LeRban A b 39 UARQRRLCG

el ectromagnetically resonant antenna |ocated with said housing positioned so
as to enhancetsainialescmegndretdad fie| af Figc diffedrafil eshi vie ePBEE} NI ¢ devi ce.

8. The filterspg systad 8fofdAB,7 bdurdoReroC R i sigpgran sakhgrumnt plate
wi thin said housing, wherein said unpowered antenna is affixed to said

al i gnment pl aPé%- 9. The filtering systemof claim?7, further conprising an
al i gnment plate widHile sahé housdi ngiowbeswirn dagd impawerediantena is

Sai d unpover oA R EIA SPRTT1 xgd TEUG T HSTLTAG, LS TR PFFTEN ng system of
claim7, whereénnmes@ich wapoweeedtantiermanys cahtakmek t dugahdrhotd,erd ng el enent .
similar approach can be wused with other disposable
components, such as tubes. The reflective antenna can be
embedded in the plastic tube, or can be affixed,
preferably to the outer surface of the tube.

Though someone skilled in the art of inductive
antenna design may be able to maximize the induced
current by optimizing the source and receiver coil, there
may still be limits of size or cost of the receiver coil.
The integration of a reflective antenna in a device
potentially reduces cost and setup complexity by
improving the electromagnetic flux relative to the
device. This can be especially true for disposable
bioprocess solutions where the user, not the manufacturer
of the devices will determine the physical setup of the
devices. This invention improves the flexibility of the
physical setup at the user site.

It is known that the use of a reflective antenna to
improve the induction of electrical power can also be
used to improve the ability to communicate wirelessly
with the end device. A powered antenna can be used as a
transceiver antenna with a modulated electrical signal
that supplies power and two-way communication to the end
device. This 1is the typical function of RFID reader
antennae. Similarly in Figure 5, the biopharmaceutical
bioreactor bag 500 may have an electronic label that must
be visible to the user on the top of the bag. Scaling

the bioreactor bag up in height may compromise ability
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12. The filtering systemof claim7, wherein said unpowered antenna is in the
shape of a | oop. 13. Adi sposabl esyst enfor manufacturing pharnaceuti cal s,
conprising: a. a powered inductive |oop; b. a container for holding

phar maceut i cal o et er i Al CONPLI 5100 a1 SRRLEANIG dRYhCene SBbkRIeECt roni c

devi ce conprising an antenna adapted to receive an el ectronagnetic field
generated by saihrjoatied iLadeicti ve |apepoanthtednvarlecpt £8f4fterifati ng

current; and ,G.o.8 uppewered elselhonranetical iy rgsoranttantenna positioned

so as to enhance said el ectromagnetic field received by said electronic
devi ce. aggressive environment. A single reflective” antenna can

be used for power and communication of the electronic
label to the reader.

Though the embodiments in this disclose primarily
describe magnetic induction loops, this invention is not
so limited. The reflective antenna can also be of a
different shape, such as that of a dipole, more typically

used for communications.
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14. The system of claim 13, wherein said unpowered antenna is affixed to said
contai ner. 15. The systemof claim 13, wherein said unpowered antenna is
enbedded in said container. 16. The system of claim 13, wherein said
el ectroni c device conprises a sensor. 17. The system of claim 13, wherein said
el ectroni c device conprises a wireless comruni cati on device. 18. The system of
clai m 13, wherei"i25at % ¢P&R? orfi‘c devi ce conprises a storage el enent. 19. The
system of claim 13, wherein said container conprises a bioreactor bag. 20. The
systemof claim 131,' V\Qetrielitgri?é del%%Q;lgicno%rprcl:gWJ:i ses a tube.
a. a cylindrical body, having a membrane having an
outer surface exposed to unfiltered material and an
inner surface;
b. a closed end;
c. an open end through which filtered material
passes;
d. a wireless electronic device affixed to said
filtering element, said electronic device comprising
an antenna adapted to receive an electromagnetic
field generated by a powered 1loop antenna and
. convert it to altermating current; and
e. an unpowered electromagnetically resonant antenna
affixed to said filtering element positioned so as
to enhance said electromagnetic field received by
said electronic device.
2. The filtering element of claim 1, wherein said
unpowered antenna is affixed to said inner surface
of said cylindrical body.
3. The filtering elemeﬁt of claim 1, wherein said
unpowered antenna is affixed to said outer surface
of said cylindrical body.
4. The filtering element of claim 1, wherein said
unpowered antenna is affixed to said closed end.
5. The filtering element of c¢laim 1, wherein said
electronic device is affixed to said closed end.
6. The filtering element of claim 1, wherein said
unpowered antenna is in the shape of a loop.
7. A filtering system, comprising:
a. a housing;

b. a powered inductive loop inside said housing;
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21. The systemof claim 13, further conprising a support structure to support
sai d container, wherein said unpowered antenna is affixed to said support

structure. 22. The systemof claim 13, further conprising a support structure
to support said container, wherein said unpowered antenna i s enbedded in said

support structure. i . , ,
c. a filtering element, located with said housing,

comprising a membrane and a wireless electronic
device, said electronic device comprising an antenna
adapted to receive an electromagnetic field
generated by said powered inductive loop and convert
it to alternating current; and

d. an unpowered electromagnetically resonant antenna
located with said housing positioned so as to
enhance said electromagnetic field received by said
electronic device.

8. The filtering system of claim 7, further comprising
an alignment plate within said housing, wherein said
unpowered antenna is affixed to said alignment plate.

9. The filtering system of claim 7, further comprising
an alignment plate within said housing, wherein said
unpowered antenna 1is embedded in said alignment
plate.

10. The filtering system of claim 7, wherein said
unpowered antenna is affixed to said housing.

11. The filtering system of claim 7, wherein said
unpowered antenna is affixed to said filtering
element.

12. The filtering system of c¢laim 7, wherein said
unpowered antenna is in the shape of a loop.

13. A disposable system for manufacturing
pharmaceuticals, comprising:

a. a powered inductive loop;

b. a container for holding pharmaceutical material,
comprising an electronic device, said electronic
device comprising an antenna adapted to receive an
electromagnetic field generated by said powered
inductive loop and convert it to alternating current;

and
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14.

15.

16.

17.

18.

19.

20.

21.

22.

c. an unpowered electromagnetically resonant antenna
positioned so as to enhance said electromagnetic
field received by said electronic device.

The system of claim 13, wherein said unpowered
antenna is affixed to said container.

The system o¢f claim 13, wherein said unpowered
antenna is embedded in said container.

The system of claim 13, wherein said electronic
device comprises a sensor.

The system of c¢laim 13, wherein said electronic
device comprises a wireless communication device.
The system of claim 13, wherein said electronic
device comprises a storage element.

The system of c¢laim 13, wherein said container
comprises a bioreactor bag.

The system of claim 13, wherein said container
comprises a tube.

The system of claim 13, further comprising a support
structure to support said container, wherein said
unpowered antenna is affixed to said support
structure.

The system of claim 13, further comprising a support
structure to support said container, wherein said
unpowered antenna is embedded in said support

structure.
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