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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 infiltration of
counterfeit prescription drugs into the market and to

consumers.
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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
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However, 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 Dbe electrically challenging. For example, the
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Summary of the Invention

The problems of the prior art are minimized Dby 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 is incorporated in or

proximate to the devices containing a sensor oOr
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embodiment, the reflective antenna is incorporated into

the filter housing. In another embodiment, it is
incorporated into the filter element itself. 1In yet
another embodiment, it is incorporated into the

disposable bioprocess components, such as bioreactor bags

and tubes.

Brief Description of the Drawings

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

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

Figure 3 shows the inductive 1loop used in one

embodiment of the present invention;
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Figure 1 shows a simplified .illustration of the
major elements used in the present invention. Powered
loop 200 is connected to a power source 210, preferably
supplying alternating current. The frequency at which
this current oscillates 1is not critical to the present
invention, and all frequencies are contemplated. 1In
certain embodiments, specific frequencies or frequency
ranges may be preferable due to the interaction of the
electromagnetic field with any other wireless activities
that may be present. For example, in a particular
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
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ability to enhance and confine the electromagnetic field
between it and the powered loop 200, at this
predetermined frequency. Thus, electronic device 220
experiences an enhanced electromagnetic flux, allowing
more power to be induced within the device 220. This
allows the operation of the device 220 in environments
where the powered loop 200 alone would be insufficient to
supply the needed field.

Figure 2 shows a conventional stainless steel
housing assembly 100 used in the filtering of
pharmaceuticals and other fluids. 1In 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
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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.
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ereEpsul awelde N Ofi v irve ngss kerdyritney | al JrgagRE magnetic

Eﬂ?&Qingﬁf Qﬂsoé9ﬁg§tp?¥@§§geéngHchggsko%ﬁsE%ption to

provided along the inner circunference of the annul ar
gaskeormak Shoiw iAo guteig than helusdngi calseEdnrdui tNote
S T ?Le%‘ihtbl‘%eg%s,keéhrsoeo ﬁlﬂ%{ a!aﬁ.ér}{eﬁ)tf_s UBOBS o YW tJhc_ﬁm.
greater nurber of w ndr ngs 1 nducing a greater magnetic
Theel thvéihi isorentodiotent iprted des thies | eseixtdigientuptioge or
o the.narml fl ui w W thrn the. howsi | Ysuch
T T S = e 8o P 6 o) o 10 A
syotens Thee iveht i on 16, nbt, 134ieed3? ofithier elements in
enbodinent; nore or fewer filtering el enents can be
%W?‘fszlencﬂ' Typically, such systens use 1, 3, 5, 10,
12, 2% oenihhdd |dercel Bimentthd nfie ItbusimgundonrEif@tce or

or_confine the field, an.unconpectedq, cti ,
’é%flgeh%alv(eﬁot 2BHOWN s??%%e%ﬁgggfnt%% tﬁ%séﬁ{/%fo%%ﬁt the
divei phracerentTiof Bl cemreafd et | el antefireectiisecrantiagmla is

L e Y B e e SRR T e
ehedditieritt, Sede Féflret idreshovermat risdi towriadd fydtthami nghe
| ement 40Q. The filtering el enent 400, is fornmed of "a

?H%?“er}ﬁjc "2?2’3 éﬁaez&:ond endcap 415, a porous core

450 amthywrareqrbsiaswes 430t rAdichonde Showveriny tdienent 400.
gﬁgm%g%tegggéeehément 400, 1is formed of a first endcap
420. and second endcap 415, a porous core 450 and a
membrane 430. As can be shown in this drawing, there is
an outlet 410 extending from the second endcap 415. The
edge seals (not shown) are bonded to the first and second
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 1is 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



an outl et 410 extending fromthe second endcap 415.

The edge seals (not shown) are bonded to the first and
waewoned2endcaps to forman integral, fluid tighCT/E8209/001627

bet ween the edges of the nenbranes and the endcaps

ateleenhathese fuwg dephingeroudsitdeest the apPPi dife the

dMslerRass L8 augh the nephrane 43Q bgEAbeaheacd nGitiker

cartridge interior or outlet 410. Qutside of the
nediriade iUnfind tegtedr Todpr 1440 thaPresePorbu’n Fhe Oxger
sﬁ%éﬁ% PLef egabl yfi@.'t%%:t_i.'ng’ Wigdhd S Rkget0 Miidigdandne
the elevated tenperatures wthin the housing. The
fidsdnt | mgteirhedri mpdl emdns 4002t Heref @P€hasn@d Ml | dwe
(i:rhn.enrde%yl i nder, with one open end and one cl osed end
d'an out er cylinder. The areabetween these two
cyl i mber sfidefemesayt hee f nade of phe ekremene, mendprepes of

%ﬁ?‘%%l@inet %ﬁ?ﬁ@r&% of, T4 r i@t aAluding but not

ere i'S presented on the outer Surface
ofmittes filttcer i mg elopoewus passebramesugh thierdfiltgration

mterialy and exifs wa,lheopenand of e eubi nfelos;s
THE Y er nay be nade of one or nore nenbranes of any
venib ietne scomPerify rabdd i mid¢idgardusg manbodnag bage notsed.

imted tq.mcrqporQ menbr trafi j on
’%r%%‘oersaeﬁletsa%lﬁ'aeno U ?’3 ioﬁqﬁgﬁ‘%?%%lg%, rgérl{ﬂ%]!ea\(/rgetrgserh]m:lude
Obtisiesl Infmseanes. deléfiépabl y naceoposous needyanaghones

are used. Representative.suitable mcr

R i n@?ﬁ)ﬂ%&h?]fs’ruolcpaﬂnﬁl osea}nég]el |§$g%§y topRhones.

Pl wsidyahokes | Athodidg, peogebhefsos phorh and ultrahigh
o] yaryl sul phones ol yvi nyl i dene fl uori.de

Bordeiia el LRn et SrEFuitn mopec e ghgLyethylens

Ped yeihymnreyleaw, dengidy poldetdipleenepahgdamides, PTFE,
ol ypropyl ene, _nyl an and ot her pol yam des, PTFE, o

?%%%E‘iﬁﬂ%ﬁstt‘icc ﬂ‘{i’dﬂ 1°8d BSoTErs Sélgc]ck:]h 3% oy, (TFEco

PFEEE CO- LPRAVE)RFA. g.pdlyAarpohycas booat esaotipbe tiflleled
rg%rg}%)faglﬁnsg n%olicg}q]e%wsEl&cP%R% . R'%Mpurﬁgmb ]’.‘R;-l"yés rrae'\r;rjao 1r P aﬂ)efe 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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of M nneapolis, Mnn. Such nenbranes are well known in
the art, may be symetrical or asymmetrical or a

w@oeebitzieri on of the two and are comerci al |y apai/Usdsbe001627
froma variety of sources includi n%ﬁ]‘? rapor
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Representative ultrafiltration or nanof iltration

reavtsy abrestheicRiblle pody suepESICiadtidpngilable from a

g%gggyﬂerguleggggegnds o Yy s4hpREBes, corporation of
ol yvi'nylidene fluoride, and cellul ose. These

Mﬂﬂ%eﬁ’laﬁ?pl cally include a support layer that is
genengl e Qr n§%t&flt a?)lpg.hL:Xt@QﬁQus ﬁJcrmetnge cOWRrkBIng

materials for these suppoft |ayers include various
Profrerviov erRRPAdti@Etdlon sudiwbadcapunn bouleied pof YEHARA € 8-

?(‘)'oﬁﬂi yﬂlq%v' ena. 9509&@ @6’491“ %rlqpoaegérnﬁéermﬁtlonal

orms the sane or different polyner as the
emaenbrmqa sehdt savh heemddatbstar EMEPFiRBORA SR ERe TO

ah rofd ¢ s%efno”EFng@xkée(cévaaldoabla%aflﬁgm@ly?rI Qliyn fof

lrces sdch I pore Corporation of Bedford,
thwmered@@tpf@ment dpplceat i bHs, anscl Bebhg @@vmtifﬁm-fglsly

R 0 erin
g?) ?%?J &ﬁﬁ@%gkgggal )%'(ljré%%gl gbfeoéhé%ﬁi?lotnal 9
elandrtoni csint hattkUa} bencadeed totkmPeraiwee el ene¥R SIS,
%npéeor}/teziastysotnemaoecff t%e n?e\‘c%lgsabld tythévanylﬂfered

Pese roniC devices 470 are nost a vant ageously
hacat ed widdr n Hehe rrhs@lsltmﬁdl nnénrthéimees, ofofitgn it is

GALEP S5eHTbes! PohDL S B SRR B0, on o
éffimdaotcmaﬂer icdlosednebd ARAsaf etthe Furlttleerimgr elenénen

¢ LoRESial S oRhREE AN R Tk B0 s
ehetrenthe réhensy ze>eof mhhgseerqutser [ amgd elsememlmeef tfeenve ral
?Eg@? between.  the base of the filtering element (i.e. the
open end) and the opposite closed end, where the
electronic device is generally located. With the powered
inductive loop 300 being located near the open end, as
shown in Figures 2 and 3, this distance may be
problematic. Additionally, the electronic device is
typically in the fluid path, thus further compromising
the electromagnetic field. Furthermore, the stainless
steel housing surrounding the filtering element also
degrades the wireless performance. Because of these
factors, it may be necessary to enhance or confine the
electromagnetic field so as to maximize its effect near

the electronic device.
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that there may be many inches, and sonetines several
feet, between the base of the filtering elenent (i.e.
wo b@opem end) and the opposite closed end, WhRCBHUS1969/001627
el ectronic device is generally | ocated. Wth the
powerl@d pReu@Embed ingap - 308 et LPEEAYRd aTd&n"ehe! Pert s

]g Shown o My 5 QUF €S nde 8Ny indkhi Sodi $hance M ing
e pr lematic. Additionally, the el ectronic devi ce |s

¢lqrierd] 140 0.n Thise 1ol d8Palhy PRURSIirEiMerckUifist s

{he eleectpgmagneti ¢ fiel dopFurthe/dmig ct hegst gkl es;s;o
st eel housing surrounél ng the filtering el enment al so

Zdlelgerra@é:sveﬁeuvm el may per floranhiece. iBedBUs OO It Hakidable
c?&aft%ro% | 1p IR, ? 1peceggary Lo eohance ML i neot he s

ectronagneti c d SO as to maximze its effect
melded hiented edte ofmamedeMQ:eallqﬂgorﬂetSerﬂtsmrmﬁﬂrfatq?e 455 so

i18flective % %o%%% | | OfRL edeiify hgabel | Of\ﬁwgerthe

cylln er of tering elenent 400. The | oo
nef/l e ivearanttieanel é@@dmenu heolosatesd lv%t"tﬁ.erhetd”re thed Low

A }t 6 deviagg 440 fﬂﬁﬁ dyely, it may be

i'n any other suit ocation. Preferably,
the rief |sgottinee anﬂoednalenso tbenntﬁb%ict‘rmeb arffeerfaaris0 is

440 aI n i nner C 5 s t
R i
mﬁﬂnnatlzﬂeSOrmﬁsecbeveh oaatedn@eummetfheahéb’l owlidederinto
der an thefllt t I t :
glaSt ©h&°r 8PF ec?l }ig/% egnécggnénda %S%I%i%stﬁﬁgégtg °Th
the CJlrosaetbtefect 42D odfimehé, fthEeréﬁge@tfemamnteﬂigm Mm80 is

he re Iect nt enn s _pref er.abl | d t
hrsatd §€  BPLFR"RabS oRERESERR! HulRL IS D o
ahi\@t herteﬂho@ll denmtcet AEOL eﬁbecnm véhantlempa 480p¥sferably

KSERAEC 11, LDRal 3T 420 1900 e pyLEL, BULLLe 460 cne
pI@chI‘J‘Hltﬂvy nol ded into the plastic so as not to be
eXposed<;? Egg reflective antenna 480 is not connected,
there is no need to supply any electrical conduits to the
loop. Thus, its integration into the filtering element
400 is achieved by molding the loop into the plastic
housing. As stated above, the exact location of the 1loop
480 within the filtering element is an implementation
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
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fluid flow Since the reflective antenna 480 i s not
connected, there is no need to supply any el ectrica
w@ondn2g1ito the | oop. Thus, its integration i PCDUS1969/001627
filtering el ement 400 is achi eved by nolding the | oop
fiitening slagens meYsPRgeIALPREGt BHabve ohe sSerdeted

toeRtd QR Of Jhenhaop 480evhibiveihe fidd erding ef@mHing
Is an i nplenentation decision and is not limted by

eIrngntesent thivest | bAUsTHE A568de TReskfi RIWPHSEC YEEN 2
#gﬁg&q%siagrgeggag single reflective antenna in a
it

ering elenent. The invention is not so limted.
For &tenpileove heesefiricianeradt@ad napshave ths triyists
k?%;vf%nasanar ﬁ){é@:c %%%aﬁ%we;‘:‘" H‘bhéiw’ i A4 ebé@@fh&%sembly;

ctive enna may be incorporated into a single
Kéwaarn ngoehenentocaiioagyverTe i POF§1BOAL erfisitat edaTRbE, 2
(N egyi LaRment, Wi g dp! eadi bker; | nt
(%NI t]%iptn g sfn%l e t?oeus?na,gyit at e%ch%itel tlﬁﬁgug:ggneb;ettween
amy beo egabppadlei phriisnowafaddecihpued ngef IFeat isxample,
ant enna, . ' , Dot aklifikterin n
i FPRB b BB, B et S L B Pe oo P
writenaad The abmvevdescrpipei- oy echiesembgadskertt hat is
exi si,s befween _an_u r Si i housi
Ez’:\%sss’elr%’fs)jley;‘E oﬁ@?grr,t gc?her %}Eéat?;ﬂgﬁslagge EJr}gesslseiq’tgl e. Fortqgm
lexangdre, thegasksto obepheabype rdesdrnbed Ayah Becation in
i.nf rooduced het n any.,t. sepa oLt |
ot ﬁtg"fo For aer\%g)%l %,O\éittﬁ\éggr t(8 gi hggn‘g‘ﬁ%ﬁi %ﬁ’g@ oéggtgﬁa%ﬁectan
exisdesd et vieesre rithehttepguekét and t he top vent pipe. In

this enbodinent, it. is possib i ns he ske
of th prgSSnt HAPERS on~he rv\(}engnr?%%ﬁese%%\roé seﬁlgrgabléether

pocdtors  Anywhiocat tioa raf i ichve o tsepar asire fporpiagest -
e L
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 1is 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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| ocations in which the reflective antenna can be

pl aced. For exanple, often an alignnment plate is
w@b@emazh2at op the filtering el ement (s) to hol dPeTEs20091001627

pl ace. Figure 3 shows the use of an alignnment plate

IR 02| F SR Npl e eF G IR YF i PRI Hy ePRRBNES 330 high
Rrdfetathites takbi-ORBBNL sPLat 8r i hé i Ll hC Prstyiiegt.edn a

of stainless steel or other rigid materials that
Fesitsterbeodigsnsn angirgtgi ﬁefheC%%Y%c%rtﬁeé}nasdpsp@ﬂtbedded

durtRe the Pheees Szlnlaslém@ut:h' srald gpeert rphAteribes all
| ocated near the osed end of the filtering el enents

gugee | (fid&RTpBYI t ehansntd f eck” t Re &FEERFO jment, a
gi&%é&ﬂ%@a%ftQ%fqgggqquaﬁk@ﬁﬁ59n|§Eé¥%@éﬁi oM for each

reflective antenna can in thls plate in a
FrARTEE ted w‘égﬂstenwgon%l@rﬁamu h%n?mb%%edai i GAMERE SpISRSE

%5EHX¥E¥1 IR SHeR @1%@Mm§ériﬁb§tgﬁlJ|1ﬂ§5%ssoc1ated
unction to ho d the filters as well as control the

Bl earigwagaéeinent | elThe | refieabiVOuRteTHAE skF®| &RSidy
{;ﬂee dedd0 £R09S& IR ERE AL Sndd i b snssltmpq(ggraga&m@ ithe

ousi ng environnent, are structural l'ysound and
3 ergine ng ez:lta'uecaaﬂc;p rengt r & 1 testicly &sleqeitgh However, he

’rt ec;ﬁwean %rf%leestrioct Ye thasImReet tinnd ROl W nment

irst e nent a single reflective antenna is
Ehﬁeﬂdeﬁ)4nImhethbrgﬁm@nﬂlpﬁat%:SHEthhaPlﬁ?d in place,

Céh ?Cr Ih%%% aggnz‘lg&eeartél taefrfll;l(gadel ? axll N &yitable
se

ment, a plurality of ive antennae
mﬂmﬁmdabl@unnneﬁmmmeeachﬂass@du@m@éntlIpéﬁtﬁg cegmehe 2@

étsaien eeSdeedSt(g t hl Ct%se SaChw eC;}‘l ec ’.L\clxgtf’ilgt er}{‘aﬁ:erlal
circumscri bes onIy I'ts aSSOC|ated' Il1terrng el enent
Jddvet aigfirge tonee canmennaee &t ec easd |an tiemnagr asedffhredt he

envi TONMENl, DY & MPLy PLAGLAO b aLLonaeaL Pliale Ak,

t he ff}terlng e wever , e refl ective antenna
meedh met, beteabegdedent th:enedntgmmenth@ft at @t330ty| n with

LIRSS TR R b o L B B0 rocess
solutions replicate the basic 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,

14



nmet hod. Furthernore, the alignnment plate nmay be a
stainless steel plate to which plastic materi al
weomwparazrng one or nore reflective antennae i sPEf/DE20e21001627
In addition to smart devices used in filter haousings,
fieepeesand i At orsHeislag i 19AMPARERN Sdi s fosdbj@rocess
Q{&%%%%% AU ONSre HIPOASAD €£Ph OPEQEESSe SOLUELOBS a
replicate the basic unit operations of manufacturing
tpricdsres @y ?eptird ngnt Re fremsablT@epefataipdit components
é¥¥“E¥¥¥H§E&“%§ 9%899§Q@'SyCQHEOQ%EkécuﬁEEhQ%%m.tQﬁ&%n,
are nunerous benefi'ts to a di sposabl e bi oprocess
w0t é Dnrhest ebompongnt hearar earheredsbys ALeFGFoprcs or
&l 0 naljing smaigpkenange L omy, cleanidly andid&stidigeasure
sposabl e bi oprocess solutions are generally made of
tewpeorsurehysipeddsurdd,exibiie conrporehratitrat apg other
f%€g¥%£€iQkﬁ a reusabl e support structures . A
commercially avail abl e system such as a Mobi us(tmn)
Di spdsiadsiveeSol ati ost fudmudsl,| i pbren Cagstsr apifonmetal  for
cont aji.ns di e 0 Sy DI onpQne
R o b L S e
i o v e seesle tgupowiTle - Poiwereabeoe symarie ofriticdd g @ powered
react.i.ons and the |ike,fj r d .at h i |
() %ﬁﬁﬁ%s&oqg 6ngﬁg%e%£é%%€i %%ﬁgﬁﬁngﬁ)ggﬂ%régﬁgﬁfiﬁfs
sefimt sunf ame, sushliasnd,t diletppjead staekedsodaad on
fra The vari ous_conmponent r rr as. i r.e
He ?E]ea%a?ltlf %’b Ar ?%%qgns&rtléoﬁ,n%ng)r?% ggn ?f?grseesele%wts oz
Efwnmﬁmﬁﬁde§§asanﬂpppGMebplebecbm@ghesiQrf$#&ﬂtgenerated
evices. .These snmart devices can _be us 0 re
?%n%g?it&PSP df%gghﬁ%,u%?é ggnégﬁtﬁéliggfﬁo?ggsﬁgrSnﬁrt
deF Dramt | @ing Filxé uteshoiqed rdesarisssd ofbere npdkdd gfional

T o Lo S SR RS e A U, PO B
POVES £k d drl Ucidiwe duadpetanehe s ated yerdoxi mate to the
bi opr ocess . :
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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setup. In one enbodi nent, the powered loop is laid on

the flat surface, circunscribing one or nore el enents
w@boobhz02bi opr ocess setup. The el ectromagneti ¢ PCEUS2009/001627

generated by this |loop is then used by one or each of

the dfigraredeyi dddustsphgst f@ +TWnfiqis@ tde’kr ithEd present
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cluster of elements or for each individual el ement as
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WS poketatibmerimbdet g theerfdfadr sunpe HradWaiAce HE 2

ﬁ%moﬂ ué&%eellg%\tﬁ Bgnet] GiReWer = r et h%o%ovya;roecis

oop to the smart ces, a reflective antenna can
losatd edirecshnebeneatih @hetﬁépépsbo§éwpéture 530, but

gxggs FAU G21; CHROTAR el ol BR;CaSEHOL;RLAM LA 00p

ective antenna can be enbedded in th
phd emical bsee too forgeat dieastes pwndi emcéfcihe rmalgtﬂcrrle

{, r{gr{{se b?‘gr{:lg?gf fé edth&r iR cP?v@f fl'&fb%d SPoahay be

a portion o e ‘outer surface of theé bag. In
emleecmmi)dlxmntq trh@telrex:tr@m@r desixfdes afrf i xdgiqhp the

éhe Qut,ere suLt St Qreet bgﬂ% M thrihe Eﬁf' eddMBrio, a
RBhna 4l so ixed h arouna
siemes::e &t gareps ithags trriaties tatne ehcbmtrrenf @het heork flow

88T LB on R Sadtor MHag H60, ket noRbhl ot ondert °¥°

Hddi ansheaiit ket t:hDEﬂdLliotcai'aR@psl soropwhophl |deplasedwiihl  be

SE%gngt structure 530. Located preferably on the flat
ort surface is a powered inductive |oop 540. In

Fi gurbBodated hernl obpobdBeisr| oot ed0di r ést | ynbeﬂb%mhronic

the support structure 53 but t i nv tlon i S t
F?Iﬂ??%‘%ﬂio t s esf%og‘ 8 The :%gc())p 54 rraymﬁg\(/)g a the

& s geromti inertier amfide®aci rmelae: nmukhipl e weponedesice, a
Egg{ggg{ggeangggngn%%%tIyg |908e§4aroudeqjma 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 is
embedded in the bioreactor bag 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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enbedded in a mat or other surface on which the

di sposabl e conponents are placed. In such a scenario,
w@2®enzest of | oops that mmc the |ayout of theCTO82009/001627

fl ow can be enbedded in the mat, such that the | oops
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ag 500. Wiile the reflective antenna 560 in Figure 5

i s | dtEtled bHétanedre The oweredorndbedi ves | 0opeb40imandhe

§Q§c§ forfeM LR, 55& JHS1nBeNt-bQni b Sq NPkaSOchd Nhi&shnt

so contenplated that the smart device is
Itmcemieﬂeprbe@a/\;eeﬁpeheter eWi’ef@:tame apt eniRe 56 0F wrdhqRore, a

I§9 déﬁa k%%g %Qp %donglgﬂbogtH@Pt digﬁbsable

reflective antenna i's af |xed to the bioreactor
bagpr&ONtsuctnds by heles ngThe nrefhl Havee ydintentcan be

ective te | e d t ;
%’F‘%?%(g% or%)agt@%;o. Bnggﬁ%t hlzl?&gbrrbg%fneén%h ?ﬁee atfixed,
pe¢fexthe tanttéen®aus8d soréafexel the thesupport

stru 1%&%%?3%0n%%5%h Qliyéﬁ hﬂld g%beagkor8§0t9ﬁdﬁ%ﬁhve

500. ot her errbodl ment, the reflective antenna
iastermmsddmbugm t hneysuppor ebseé r Uty urex380 zeThobeskindeeed

n the rt will t r [
05O L AP ae AL LELY, 0L L e
inapr e'a:clbrbdoaguﬁ&()s arf theeswppoostsbfuthar ee&30ve el -

éﬁe tlel{tm b| eactor bag |es.fl d |n Itlgenqescrl pt ‘Ljondevme
y B& realiTe the present

pavemtimwanrepecase widisit anayncd:ontsatner demptllegritngr e, by
?mslrmrirwfacgr a&? oa(e:lfe Ponpaegryesteldc WIglhuxOt herladc SQ:boI € 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 is 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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conmponents, such as tubes. The reflective antenna can
be enbedded in the plastic tube, or can be affixed,
weew@pazabl y to the outer surface of the tube. HDU§I09/001627

sonmeone skilled in the art of inductive antenna design
fely Bee aplec ek Foel tHe FOREE S rerdth gyre povered

OBt IH %G dnher SQUIr ce aanth S eRir@k eG9i Ip1deRS erdiBlective
still be limts of size or cost of the receiver cojl
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site. It I's known that the use of a reflective antenna
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beedisbrr ammmurigasdenser antenna with a nodul ated

el ectrical signal that supplies power and two-way

comruni cation to the end device. This is the typica

function of RFID reader antennae. Simlarly in Figure

5 , the biopharmaceutical bioreactor bag 500 may have

an el ectronic | abel that nust be visible to the user

on the top of the bag. Scaling the bioreactor bag up

in height may conpronise abilityfor the electronic

| abel to conmunicate with the powered conmuni cati on

| oop. An appropriately placed reflective antenna 560

wi Il communicate well in an electrically aggressive

environnent. A single reflective antenna can be used

for power and comuni cation of the electronic |abel to

t he reader.
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Though the enbodinents in this disclose primarily

descri be magnetic i nduction |oops, this invention is
wooi09aen2li mited. The reflective antenna can al BOT/082009/001627

a different shape, such as that of a dipole, nore

Whadi dedl Ioladged £6f conmuni cations . Wiat is clainmed is:

1. Afiltering elenent conprising: a . a cylindrical

body, having an outer surface exposed to unfiltered

maf er Rafibiel Brg i Rsrerduceapesishng: a cl osed end; c .

an opgn end J)h{mqqc hi chodi ) t &f/A Hpt 8hi abupassesiridee

. awrelesselectronic device affixed to said

filteekpgsed epemnfigigred mafieghpbweir@dan inner surface;

el ect rbo_naagrgﬁeitois%gl Lkgt esonant antenna affixed to said

filtering element I1n proximty to said electronic

devi ce. 2an Tiperfilendri ngret@menthich cfalhelted viageiigl

said Unpowered antenna is affixed to said inner

surface of said cylindrical body. 3 . The filtering

el emedt of cliziedess, swesteionisai devipowaridd xgat ehpa sagd

af fi xed t.q sai er rface of said cylindrical

bo yl?(lecfr.lnﬁh%l%m%%fi ﬁg‘gel enment of claiml1 , wherein

sai d anpewnenepoweteh el €t raiveigredital $ni desdmawd argnna

5. The filterin : nt _of clajm 1. i I d s

el e%%?loxneldc tc‘l’evslaclgi ie‘flslﬁg:%frﬁdie?%%érg% dl%l%\g%dﬁtlnja%o .Sald

The:fddttreming delvérent of claim 1 , wherein said

unpo ed anfenna is i,n the shape..of. a l,00 : .

fi ?f\gﬂ‘ﬁg %/ tieerrﬁn%or?'&fef“sepﬁg:og .Cléilﬁrlouéi’ng?’h%r?lrg said

power edpbnéued | setéonp insiadéigaddthousiing;inner surface

of said cylindrical body.

3. The filtering element 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 c¢laim 1, wherein said
unpowered antenna is in the shape of a loop.

7. A filtering system, comprising:

V]

a housing;

b. a powered inductive loop inside said housing;

c. a filtering element, comprising a wireless
electronic device; and

d. an unpowered electromagnetically resonant antenna

in proximity to said electronic device.
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c . afiltering elenent, conprising a wirel ess

el ectronic device; and d . an unpowered
webk@etiz@magneti cal |y resonant antenna in proxiPCT/¥S1009/001627

said electronic device.8 . The filtering system of .

cl & nTire | filke R coNprasi Mg S i GnnBHit iRt RS RY
sai d BQUS] NghmMieAidt &S i ndAPSYLE el @ RINaHeSrein said
affixed to said alignment plate . 9 . The fjiltering
syst ewipdwered manterngr t Her 6hpredi nP ansaitd grednment
plate,yi{hin said housing, wherein said unpowered
antenna I's enbedded in said alignment plate . 10. The

fi Pt eFhagfsyseein®f sx$ i I | clihet el n SH U fided 109
ant enpa %ﬁi?ﬁrﬁéﬁ‘@dpltactes%%ﬁﬂugwg- hddsidde didddnd RGid
systemof ctaim7 , wherein said unpowered antenna is
af f i xedpewesed d dritlenaei ngsel epggtded 120 Thaid| |3leggmgnt
systeglgﬁeplain17 , Wherein said unpowered antenna is
in the shape of a |oop. 13. A disposable systemfor
mai 0f Bbe ur f At phiaramceitienal 9f cégﬁimsiﬁg: whergipoidld
: nducﬁh%&wéf@?”a*%enﬂ% qg”%%%@§édf@5 gﬁ&&“ﬁﬁhsing.
pharmaceutical nmaterial, conprising an electronic
devilc8heanfli tteramy urpot@red ofl ectpdfmghet i @ gin said

g:ssggggoﬁg£g#ﬂgmggggggfg .t%fkgxééidtglegéf@nif%ﬂtering

claim 13, whereln sai
unpowetedemant enna is affixed to said container. 15.

ST LB BB, pekpurmouees and e
13, whepewarsadiahtedrget rigniie the shape of a loop.
13. A disposable system for manufacturing
pharmaceuticals, comprising:
a. a power inductive loop;
b. a container for holding pharmaceutical
material, comprising an electronic device; and
c. an unpowered electromagnetically resonant
antenna in proximity to said electronic
device.
14.The system of claim 13, wherein said unpowered
antenna is affixed to said container.
15.The system of claim 13, wherein said unpowered
antenna is embedded in said container.
16.The system of claim 13, wherein said electronic
device comprises a sensor.
17.The system of claim 13, wherein said electronic
device comprises a wireless communication device.
18.The system of claim 13, wherein said electronic

device comprises a storage element.
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devi ce conprises a sensor. 17. The system of claim 13,
wherein said electronic device conprises a wireless
weeowenzi2¢at i on device. 18. The system of cl ai miPABPS2009/001627

wherein said el ectronic device conprises a storage |,
el ePrePre 1PYSHEE spst efd dimcllad/m YBeIRARr ef i Saigphtainer

cont ai (e CIDI] $8% RaRkBREBEEOr bag. 20. The system
of claim 13, wherein said confainer conprises a tube.
2120 THiee systsiiof of| aFha 8, ¥3urt MBErERpridithg Gpntainer
SUppoLyStIued W & J2 support said container, wherein
sai d unpowered antenna is affixed to said support

st 2Uctlue esystxm ofhelajgt diy ofusbhpm IGWPFLFTHer2 Support

Conpr£§£@8t€ﬂ§uﬂeoﬁhl_ MCtUL &5 1 Qo SURPREL, S@hdrein said

cont al ner, erein saird unpowered antenna i s enbedded
in saidpewppwtt sntemnareis affixed to said  support
structure.

22.The system of claim 13, further comprising a support
structure to support said container, wherein said
unpowered antenna 1is embedded in said support

structure.
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