FILTER W TH MEMORY, COVMUNI CATI ON _AND CONCENTRATI ON SENSOR BACKGROUND OF
THE | NVENTI ON Theuseof w rel esscomruni cation. hasbecone preval ent,
especially in the managenent of assets, particularly those appiicatiens
associated wth inventory managenent. For exanple, the use of REID tags
permts the nmonitoring of the production |line and the novenent of assets or

conponents thr ough t he suppl y chal n. To furt her ill ust rate this
concept, a manufHER FAFH OB 3 R : FONNSENSORS t hey

enter the production facili tlehen i nserted into the
production flow, form ng sub-assenblies in conbination with other
conponents, and finally resulting in a finished product, The use of RFID
tags allows the personnel within the manufacturing entity to track the
nmoverment of the spegifi qlsc%onpgpeng,lwfé%ggho% Jdhe, penuf aﬁ%grl ng. . Qcess.
It also allows the entity to be able to identi ﬁe specific conponents

t hat conpri se RERFap&PET cultapeassldnbl yitor fieni WGQWQGUM of assetlsy

addi tion, the wse el 1RFP tAgs. has,alse; been, advocated Mtthhlfhvtééec ug and
phar maceut i cal |ndustr| es. In February 2001, the United State deral and
Drug Adni ni st rsie6RmFesuelca PETELE! adioCcats neyf t W Llise oot H%IFﬂDtﬁagélet o

| abel and nmonidortdi-ugs. cEhi snd S paBadtdi@aptiido BROVide pgdigres apd¢ to
l[imt the infiltration of counterfeit prescription drugs into the narket
and to consungf’$ets or cagngagnty éhrroPﬁgr‘Htfué‘PPBW POt ags have been used
I n many applications, BsueReas it Qusdenti fapiand-gHRytkde 4 nﬁl@rﬁﬁ@atdtfa@ﬁ@r

process control |nf|Iter roducts. U S.
tity 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 wuse 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 1is an attempt to
provide pedigree and te 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.



Patent 5,674,381, issued to ben Dekker in 1997, dieses the use of
"electronic labels" in conjunction with filtering apparatus and repl aceabl e
filter assenblies. Specifically, the patent discloses a. fiiter having an
el ectronic |abel that has a read/wite nmenory and an associated filtering
apparatus that has readout neans responsive to tne |abel, The electronic

| abel is adapted to count and store the actual operating hours of the

repl aceabl e fi Ptesnt The i, Ber i ngguapparatas Pskadapiredl 29/ al dowlusesor

refusal of the_filter, based.on this. real-ti n e The ent .al so
di scl oses t hat tkt“?]e Léf‘%ct?%ni ce%leattéiﬁlccan ageggjéd lgbsfg%?%%c&g%%‘i fitwcl%h on
i nformati on abéuttd¢hegr epbacedblse fidt ereplaceableA patéeatr appidnddtiesn by

Baker et al, puplis hp 2 LS. i Gatign Rublication. M.
U52005/ 0205658?8%%13%%%%2’ an‘?oc %tgngqugggncgl%{setéfgécki%% 5&3@%% ggsyst -
i ncl udes the uske@froREED t@ys i hhaonjhanactd omeadtwr igreocBssoequignventn The

REID tag is described.gs f@%@iﬁgofapg;a%wg "alacl east opeddackaplesevent”,

These trackabl e events are enunerated as cleaning dates, and batch process
dates, The pubf¢ozriséiicalrgotiti debesesiien eREFD ¥ é4dérPehats iadapérfeéPabl e to

a PC or an Internat, WIEre:8-process LquLkpnepte datiahasecansst s« ThhLS
dat abase contains nultiple trackable events and can supply information
useful In deteFtRHiatgrla SetVitce Thef EidfeFHY RBEEsEvequf pEAP ased on t he

accunul at ed datgl'ow The applécatiopritd udeset heause ofi this depperohesystem

with a variety of process equi pnment, such as valves, s, filters, and
ul traviol et. |&MREr- The pﬂ%&théﬁs%a‘f@ﬁﬁoéﬁﬁh@ét itgﬁ,gr‘%’r&eﬁfw 38Pﬁi{tn et

al and publ i sheth ipe 20041 as UtBrePatienti Appticat iofodiabl beatbont Nehe
2004/ 0256328, di scl 0ses aﬂ%vi ce and nmethod for nonitoring the integrity of
ti p-ing instaﬁpitaictﬁﬁgﬁ'hﬁ e

A patent application by Baker et al, published in 2005

as U.S. Patent Application Publication No. US2005/0205658,
discloses a process equipment tracking system. This system
includes the use of RFID tags in conjunction with process
equipment. The RFID tag is described as capable of storing
“at 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 wuseful in
determining “a service life of the process equipment based
on the accumulated data”. The application includes the use
of this type of system with a variety of process equipment,
such as valves, pumps, filters, and ultraviolet lamps.
Another patent application, filed by Jornitz et al and
published in 2004 as U.S. Patent Application Publication
No. 2004/0256328, discloses a device and method for

moniteoring the integrity of filtering installations. This



publication describes the use of filters containing an onboard nmenory chip
communi cations device, in conjunction with a filter housing. The filter
housi ng acts as a nonitoring and integrity tester. That application also
di scl oses a. set of steps to be used tb insure the integrity of the
filtering elements used in multi-round housin.qge, These steps include
querying the nenory elenent to verify the type of filter that is being
used, its limt -",ta, and its production rel ease data Despite the
i nprovenent s t rablipavieoroceerrader hridgghudcheolisefidfteRp| Bjonttagsinthere are
addi tional areaspthal haue,not beep S@LJﬂlsf@eﬁumaﬂcatnggessqee%céor exanpl e,
there are a nunber of applications, such as integrity testing ahd protein
moni toring, i nORRieRcHeal viithreambhl tegr ihaygs 819 + Hdecdridéntr Aphonnofaats
particul ar substance.woul.dBe.gxt#RuBLY: panekici atbn, Mg iRELD 1 ags; of fer
one enbodi nent of the present invention, solutions utilising wred

comuni cati on &réchPIT enviesi ohethePSUMVARY VORI THE H'NVENTIFOR integrityThe
shortcom ngs of, ¢t hedr kOt dfibigar Ve LonBePY it hguREesenind N¥ERL{ oy . Whi ch
descri bes a system and nethod for accurately measuring the concentration of
a substance wi TRAFA® aSFFRt et"@lU8freAEeTYiRIcéPEalMAMeRboti $titts, ta $ehisior
capabl e of neasHei Bgpd her coneent fafd QR okidy paydd, cukar 1subst ance, and a
conmruni cat i ons ,devi ce are coupled so as to be able to neasure and transm t
the concentr atidrPTiiEtparticaraf “stance in the vicinity of a filter,
while in use This sysieAtearRhe0ApptSemanss Nghe: CRAPOHNSAturidi egiadigrg both
t he communi cat gon devi Ctl,e Rgﬁg) gche sensor. Alte at,ive&y, the system can
conpri se separate ¥&hsd P anshiCtefCo efit'd: fFheTd ritardidat i on
wi th one anot hest beeryetatanoidieriepbodi-rentd. Fst exagele) enesre car he added

to the system _thereby allow.ng the device to store a ,set _of, concentration
val ues, In yet ménr‘]h%gt%erOfen%%pmlﬁgﬁf?nst’hes?? Ans$fi t tRr°Forponeht st 6herafe
wirel essly. protclive wse tofitdy sirddeviice Heabengfecirainitormanyof the
applications. EQl.exanpis, g newlydeyelonsdbohedridnd sl 1a.baseg on the
concept of addihg a tracer gas to a carrier. ection of This Tracer gas
gi ves hi gher sewsifticipty tthaheaR§tandagd diffuspon eesediiéeg abf | ithy to
detect this gas.and transgiiolhe iesubis qutskdeythe di! Lo, haysing,woul d
be greatly beneficial. In another

are also envisioned.

SUMMARY OF THE INVENTION

The shortcomings of the prior art are overcome by the
present invention, which describes a system and method for
accurately measuring the concentration of a substance
within a filter element. In certain embodiments, a sensor,
capable o¢f measuring the concentration of a particular
substance, and a communications device are coupled so as to
be able to measure and transmit the concentration of a
particular substance in the vicinity of a filter, while in
use. This system can comprise a single component,
integrating both the communication device and the sensor.

Alternatively, the system can comprise separate sensor and



application, the ability to nonitor the protein concentration within the
filter housing enables the operating conditions to be adjusted so as to

mai ntain. the protein concentration at the nmenbrane surface for nore
reliable and reproduci bl e performance. BRI EF DESCRI PTI ON OF THE DRAW NGS
Finure 1 is a representative enbodi nent of the present inventlen. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Figure 1 illustrates a representative
filtering systemin accordance with the present invention. The filter

el emrent 10 is encihesedtay tdpmpohenisi,ng R2GonThet f4atliver wekenment eanther si nply
a porous materigl, Such as.pl anlednpapers AlLerpatively. the filLgg.s! ement
may he nore com?l ex; for exanpl e, conprising a'frane, such as ot. p?astlc,
and a porous ndteertinal sykbeat ethearebgl| askowimnaxithet gevipgfe ahdspref er ablty
affixed to, thediliglelorell 100 2 Gongant Lalinn Sefspiinl: T, sensor
30 is capabl e of generating an output, ich varies as a function of the
surroundi ng corfcentnation cofranadst Peeladre Sitsiteafed: This output can be in
the formof an anal g, vol{age,or gutrenty; & qan bepardigital  yalpyg or

pul se, in the piefeireci enbodinent, the output varies linearly wth the
concentration, dwowevetiati-s FPE HotPASr eui e e ALY RRE O UPaEThEYI FRFTa known
rel ationship, such,as.d ogarithhm&nekpexpenemMdial, 4 ottheesurgeundbng
concentration, can be enployed. In such a situation, a transformation of
the output can BETHEFf or MEIFECEOWet @F mi HE-St hdTaEFTial YT astt B comt@iftt at i on.

sensitivity than a standard diffusion test. The ability to
detect this gas and transmit the results outside the filter
housing would be greatly beneficial. In another
application, the ability to monitor the protein
concentration within the filter Thousing enables the
operating conditions to be adjusted so as to maintain the
protein concentration at the membrane surface for more

reliable and reproducible performance.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a representative embodiment of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates a representative filtering system
in accordance with the present invention. The filter
element 10 is enclosed with a housing 20. The filter
element can be simply a porous material, such as pleated
paper. Alternatively, the filter element may be more
complex; for example, comprising a frame, such as of

plastic, and a porous material. Located in close proximity



The concentration sensor 30 is preferably nounted on the downstream si de of
the filter elenent 10, In applications where the concentration of interest
i s honbgeneous, the |ocation of sensor 30 is not critical, and can be
anywhere on the downstream side of the filter element, such as, hut not
[imted to, the inner surface of the filter element or in the common
outlet. In those appi kaitions where the concentration is discrete and non
honogeneous, the copcenti-athion seRsQks By, bed acated knepioximtystg the
output of the filter elenment. In other enbodinents, the concentration
sensor 30 can dEdeptatetPwi ERTFPR hél cooh oitet. 1% dénmecapiliccaPfons,

the tenperaturg. of. theyfLht eLcghement; iy axeeeds1BCuthersef os€ ansensor
capabl e of withstanding this tenperature should be enployed. Simlarly, the
tenperat ure wi $HTCHBIRFUSFAL IO AB Lyl @ f PRRTIOWEF. Seperatur é8ito

hi gher tenperatuies and back: drhereborer the senservshowd de ablentp

W t hst and tenperature cycli g’g . There are mul ti ql e er‘g)odi:gents f this
concentrati on ¥en§df. Ford exafiptE, A "ceftaitt Eppl i'Cat Fohs PHEAFETE8nsor is
a solid state gdewderethat uses aopafiti cubariezsonpoime: Known wi@hi nt enact with
the desired gas. In one, enbogi ment of. a h){dr og%n sensor.,..a MX di ode is
used, where th&WELEF2 B8y PAYEr conpri ség8 a PdA§ af Ty, " THe “oxi de’in Si02
and the senm condipet-ohavsngid ilcown Hytaogeshapf estch tdve Jjagreticonibebneen t he
nmetal and oxide | ayers,, thereby, chapging the c I.Stics t he di ode.
This j ion var‘?xﬁcﬁ%#%:%lrf tﬁcé)n réet(rasau(f;llglogrtléel(fe(‘ji n?%kgg%%{l&{c%ﬁh’at fc%% Lkg?/el. I n.
anot her enbodiamribyed. méhal swki de semiatcrductaor trdiclermieltipdevifcetivher e t he
oxide is SnQ2 j ili.zed, i:dLzing. sensor
changes the redsﬁstgtﬂgnggﬁc%gr y(}t%grgl&g%egg@o? tt(}gllg%v:tgg, atgﬁgggb@%glér%%\n&ng t he
concentrat i on wincehergiasn-o be determined_ Yilternatively, other sensors
utilize infrared (fhk) -giSRELStoR, t O..0ekecl par td&%%@ébﬁ%{bﬁém-oﬂn these
sensors, a beamof IR is transudtted toward a receiver. The particul ar
substance of iffiteer estnsgpeMt assidlega9l abd6r bS1sbde of l¥HE Y R tdi att on as
it. passes frophiRe.tiansmfdet teonthecseasicvatiodhesanounteafstabsos ption
is related to the concentration of the substance. TR and UV,Iight can al so

be need, typi CAMPGEICEonjthAct PGHT IRt AT a3 F1%9&r 2BptF A Table 1 te nedstir e

sol ute concentdaatipa through t be use ofioweftrashi ail.deAnot hethet ypel ©fr sensor
is an affinity-based sensor based on gr}r ogticgl, te;ll ectrical or

pi ezoel ect ri ¢ dEMERTI o TetFodBlogyPt OB TSTN"%f t- eni t YV hasBE" $Thsdt
utilizes a nm anebatance oailshingh @& suht ablee togand bstpeéiacedn Thieose
substance. in question is attached to and _adheres_tq.the llgand, This
results in a sa%gﬁllc?%cornesasw %R ttﬁ% mass qc%@g%%%l on gﬁgecren?tcer o%laqda%%ne- Thi s
mass can t hen hoeogemuers edtiico ecrcamceat i@t | eengat epapased lomwatkedw imat e.
These exanpl es _are jntended to i) I ust i s%ﬂ§. of- the types. of
sensors that fgﬁx‘g%i&egg tgﬂléso!?gpdnéot&isn %dggltotro e an te'xhaustlve list.
of all such smirbableergoncorita atdrorenseasors, sensor 3\ cpansm ttera4® i s al so
| ocated near, ot,iftegrated whh the sensep 30,,d n 1o iprefers ed o

enbodi ment, the trans%”lfgtter % and t e concentrat i or%ﬁjgelnsor 30 aroee
encapsul at ed itemacsifiglee oAt eghat edil dowposeptentAl tehhatd3réey, the C

transmtter 4Qnandedhe Sensor, 30 Laneber sepakateding and si RegoEFAMIGAL | ON
with each other, such as via electrical. signals. Various types of

comuni cat i on Sdévi¢edcarEPEEsi bl é1mt i e odi SR LHFF el"ds8 the
comaauhi rrati @auksndised, @nd thacuserf advdRl Fldhgagtiusepr eberiagheAn
active REID tag all ows re%ul ar cormtmi\nic tion with the reaﬁg,

Al ternati vel y teHPeHSERTe 2REI PPEiag AR BE USEE, SWREPEDLY THe efertdy &t o
transmt and senseitheahenpemakurenis ebtaimed fromide aekechsonagretic
fie.id transrritée . by the RFID reader.t I.n.anot her enb (grl nent 1‘&“ red
comuni cat i onB ?%é?e%ttshé’fséwé(ﬁr CRREH TESALT of SR € But STHE Fhe “oh. ousirg
is used. Optional :1-h a storage elenent 50 can. be used in
coniunotioo with the trsnsmitter 40 and ¢ he concentrati on sensor 30. This
storage el enment 50, which is preferably a randum access nenory. (SAM or

" PLASH EPROM devi ce, can be used to store a set of concentration readings,
such as rry be generated by regular' sanpling of the. sensor.,



This allows the rate at which the transmtter. 40 sends data to be
different fromthe rate at which the concentration is sanpled. For exanple,
the concentration may be sanpled 10 tinmes per second, while the data is
transmtted only once per second, In one enbodi nent, a wireless
receiver, 60, located outsiee the filter housing 20, is used to conmunicate
wth the transmtter. In the prefer red enbodi nent, an RILE reader or base
station is usedefhaurea@ﬂdoe&hoh@ Tﬁ@ﬁfbgm$@ﬂ such shhtd i stauerdesidehe
transmtter at fegulal, 'nt LSR5 Al LRERAL vl ggelag 20: Cafibe fanual Iy
e

operated. so t hat rea $%are n requeste e equl pren
operator. in adetherd eJmodlInenne ¢iwdwinee] esfs a éwellrvwn 68cat®o iandiQides a

storage el ement, o Jhi 5, Iduceg,dhe (GOMSRN b1 FaJed Bhothe. eyl gg i thin

t he housing. In is e ofrrent n a e e receiver Queries t
Wi rel ess transmlee,r/@mmtdﬁatmoﬁl@eﬁgér tla@ prrdfcendbt oy egul %ﬂﬁlicmner val s.

It receives frggzé%gbreem %e%\%g Eﬁ@n &Hctttl%r, EQ@W&H rent Iﬁ&@qergrroataghraesensor

measur enent as at that he wirel ess receiver 60

stores this valaesin |Tth§r§t>lz)r é@@geq“érréh? CW%SE&%‘F%C}F dtf tHee stisrge

el ement can vary; ar}@neeporbev@lﬂ@&ranneéiarba%ﬁgn omed Variatyteaf faedors,
These include, but are not limted to, the rate at whi ch nmeasurenents are

recei ved, the FRRETHIAWMPENERRL st Or e'°GARR PEOYUGEESsed id 1t HEFequency

with which thi §ex§£<£2;rr@ﬂ@tel: eHIEﬂik Iﬁlmnd@@lmwmh@abl ORe Wot hiid t Ss osﬂ@zl de
envi ronnent . an era consider a filter el errent havi a
wirel ess transHjHJtJleEdO LGck*g e%ﬁ? I‘-‘T—fnlﬁxtlgbu%%uﬁsﬁf W a héaorﬁ: Fati on
sensor 30. In Eﬂ‘ilé\rSgeQﬂbQﬂilefTEBéslsIthﬁcRHdBatragtéﬁLSﬂﬁStSI vef thiad ades;idet, only
sends data upon receipt 9f a qugg fromthe WI rel es ecel ver, .or base

y

station, Upon FRTEPt 6f'PHHIY q  CEWELL T AN ttoer ¥ansMts ttohet%val ue

current I y avali l:l@.‘bd:)ﬁnlfnl’edm tAheecmermmatLyat pbomesensoror30, utlil iore Scerareido, the

tomouter. | thon! Sk Shidetsd8n S2HDUERAD A IR NLSIRUL08, SHAD B2

conput er, then afues, an associ at
ti mestanp, suchemsorsn a begnfail 6R kin ‘arajvlsfnﬁet@httowscenar Fegeifert.hdhwi r el ess

recei ver is separaled fr amtne, ROt S, L0E, T ocal VEE W Idadteebdarstore a
nunber of conc ration nmeasurenent
some of the IR radlatlon as it passes from the transmitter

to the receiver. The amount of absorption is related to the
concentration of the substance. IR and UV light can also be
used, typically in conjunction with a fiber optic cable, to
measure solute concentration through the use of refraction.
Another type of sensor 1s an affinity-based sensor based on
an optical, electrical or piezoelectric detection
methodology. One such affinity-based sensor wutilizes a
microbalance on which a suitable ligand is placed. The
substance in question 1is attached to and adheres to the
ligand. This results in a small increase 1in the mass
located on the microbalance. This mass can then be
converted to a concentration rate, based on flow rate.
These examples are intended to be illustrative of some of

the types of sensors that can be used; this is not intended



internally, until such tine as it is connected to the main conputing and/or
storage device, In this case, a. storage elenent needs to be integrated
with the receiver. Mechani snms for transmtting wirel ess signals

out si de the housi ng have been disclosed and are known in the art, United
States Patent Lpplication Publication 2004/0256323 descri bes the use of an
antenna to relay information between transponders |ocated on the falter
housing to a nonitoring and test unit erternal to the _housing, , Havi ng
defined the ph{ySikaldstuettreof the®priddentin o, Cf’ﬂ%?%traﬂtew& number
of applicationgehsbwhich it is beneficial, The following is neant to
illustrate some of those applications, however i(#] i s not intended as a
recitation of all sﬁ;cﬁf%ﬁ?&%ﬁi@ns{s also " LoFRtehe " Eiod? reht S S 44 S esent
inveni fIP is wsed i RheonjeuBcti M. Wi irh ithe Signefenategr idnpodestnng. thhi s

process allows _the aperator to certify the integrity of the filters within
the filter hougf?{bg%%%faﬁe clst Gher t‘sri%e Cv?nnf:ﬁ%% aqcéé)&i ti'onar - eqd pnédt. I n
one efl bodi ment¢ncapstriaced gasp sueh assihgle um onthyditegen, cesn@added.to a

carrier and 1njpoled LoLo, NG SYSLeI. S 3eng0Lna PLAT &Ially 3osalhdogtate

gas sensor capa RS uring concentrations of the tracer gas, I
pref erably posi¢paomeddonanfie idownstreamtspaevwotht heck i btber, seuak e

measure the br t hr . of; the tracerygas, ;The, senser can.Qptionably be
prot ected by a\?ﬂ%d%&%%ggllgfi Ft%r to a‘\]/%?lcsfufsoul B(Ir%g W th prot eilln and ot her
materi al s, Thedeoimsent rattd onPofsitracer Igas &t a Spedificd toperaticngss

transmenbrane pLessutecish i Adi caklve Ll bubbl gspoigH ing speei fiL peses in
the falter. The corcentra:i tracer ?as indicates the filter's integrity,
and thus, passpfefigrrediteriactldn BETBstahl 1sIed F6FLEAEhCPIIteratype. This

test will give,ayong sensktiverididieatdn of gheivbubbke paintaandet he
presence of defects than a standard diffusion test, This test is aggl i cabl e

to any filter, UHift: | ¥DR68RY i ddql | ¢&THY edt o "NBFF&LT f 40W PaIVETi r A8SF )

filters. temperature is obtained from the electromagnetic field
transmitted by the RFID reader. In another embodiment,
wired communication between the sensor and a control module
outside the housing is used.

Optionally, a storage element 50 can be wused 1in
conjunction with the transmitter 40 and the concentration
sensor 30. This storage element 50, which is preferably a
random access memory (RAM) or FLASH EPROM device, can be
used to store a set of concentration readings, such as may
be generated by regular sampling of the sensor.

This allows the rate at which the transmitter 40 sends
data to ©be different from the rate at which the
concentration is sampled. For example, the concentration
may be sampled 10 times per second, while the data is
transmitted only once per second,

In one embodiment, a wireless receiver, 60, located
outside the filter housing 20, is used to communicate with

the transmitter. In the preferred embodiment, an RFID



in a second enbodi nent, two gasses, in a known ratio, are introduced into
the filter housing. This enbodinent. is described in greater detail in U S.
Provi sional Application Serial No. 60/725,238, filed Cctober 11, 2005. In
the preferred enbodinent, the filter elenment is wetted with a suitable
liquid, and the sel ected gasses have different perneability in that |iquid.
The gasses used can be of various conpositions, inolnbing noble gasses,
perfinoriflated®§assesOr oPagar boritdPoxiide. uBedause T6f theadif f erenceei n
permeabi |1ty, tharoasaes ikl usec! by oyahiblechl! bai&liement gt diffgrent
rates, thereby creating a different ratio on the downstream si de o he
filter el enent 2"Based on t"Hit&TRAtIGLYt hethst eggddey ofaphebpi | enuel Byrent
can be verifiedpeThe-dSg OfhONerOfqifRE €aCONGEAL I ALl .ON - SENSAIS Poﬁf”#ﬁf t he
monitoring of this downstreamrati o. A.second application o he
present i nvenLPORPEiHt eSPE A5 ot efth ABRTOT | AEPCd ki s BrenadiFeless sensor

capabl e of neasyecéngsolwt L LonceNLaad | ONscimste Rnehenabl ¥y pg OEQ{% ces
concentration, ﬁbg used to control the filtration processes, In this

appl i cation, the®sERERISTSYprefetatl yleitiferdean copt/ieal ™ f Fher heweough whi ch

an ul traviol et 1or imfs apedodRast; e  GaRe besdTadece an af Bt ¥ based
sensor based on, an el ectrical or piezoelectric detection nmethod or

optical,
an af finity-based ees%sor TAEPRY TR AT R OB TRARTRe atfdoSdi t 4Bl ePFRERIFRPLY n
tangential fl owedildr at ionefvERE) app i cattonss t hersenseme s L ocated on the
filter, prefergpér}/maitttt hetrrenbrane surfae%% s' ilointegral with the filter
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query Irom the wireless réceiver, or base station. Upon

receipt of that query, the transmitter transmits the value
currently available from the concentration sensor 30. In
one scenario, the wireless receiver, which is coupled to a
computing device, such as a computer, then stores these
values, optionally with an associated timestamp, such as in
a log file. In a different scenario, 1if the wireless
receiver is separated from the computer, the receiver will

need to store a number of concentration measurements



In one enbodi ment, a plastic filter housing is utilized, allow ng the
wWreless transmtter to transmt pressure data through the housing at any
time. 1"A nethod of nmamintaining a protein concentration ai the nmenbrane
surface of a tangential flowfiltering elemant within a filter housing,
conprising: locating a concentration sensor, in communication. with a.

transmtter, to the qgnbrane.surfgcg.of sai.d. .tan enti%l flow filtering
interna _{, until suc ime as_ 1 ll§. c neictbd to, the Wa&\ﬂ.
el enent, wherein Sairi1’ sénsor conprises an optica I ber throug ich an

T.P. or W neasanenent; iasdiadestommiet oleivihge t hén cohtenteati on oftosaid
protein using esfleirrgenstegégcgs‘; to be integrated with the receiver.

Mechanisms for transmitting wireless signals outside
the housing have been disclosed and are known in the art.
United States Patent Application Publication 2004/0256328
describes the use of an antenna to relay information
between transponders located on the filter housing to a
monitoring and test unit external to the housing.

Having defined the physical structure of the present
invention, there are a number of applications in which it
is beneficial. The following is meant to illustrate some of
those applications, however it 1s not intended as a
recitation of all such applications.

In one embodiment, the present invention is used in
conjunction with in situ Integrity Testing. This process
allows the operator to certify the integrity of the filters
within the filter housing at the customer site without
additional eguipment. In one embodiment, a tracer gas, such
as helium or hydrogen, is added to a carrier and injected
into the system. A sensor, preferably a solid state gas
sensor capable of measuring concentrations of the tracer
gas, 1is preferably positioned on the downstream side of the
filter, so as to measure the breakthrough of the tracer
gas. The sensor <can optionally be protected by a
hydrophobic filter to avoid fouling with protein and other
materials. The concentration of tracer gas at a specific
operating transmembrane pressure is indicative of bubble
pointing specific pores in the filter. The concentration of
tracer gas 1indicates the filter’s integrity, and thus,
pass/fail criteria can be established for each filter type.

This test will give a more sensitive indication o¢f the



conparing said concentration to a. predeterm ned range; and adjusting the
trahsmenmbrhne pressure in response tp said conparison. The methbd of claim
1, further conprising the step of transmtting said nonitored.
necarntration to a to | ocated outside of said housing, 3. The nethod of
claim1l, wherein. said transmtter utilizes wlxei ess communitation, 4. The
met hod of claim 3, wherein said wireless transmtter conprises an PITO tag.

? of claiml, wherein said adjustnment is cal cul ated
?The met hod bubble point and the presékce of defects than a standard

diffusion test. This test is applicable to any filter, but
is most ideally suited to Normal Flow Parvovirus (NFP)
filters.

In a second embodiment, two gasses, in a known ratio,
are introduced into the filter housing. This embodiment is
described in greater detail in U.S. Provisional Application
Serial No. 60/725,238, filed October 11, 2005. In the
preferred embodiment, the filter element is wetted with a
suitable 1liquid, and the selected gasses have different
permeability in that liquid. The gasses used can be of
various compositions, including noble gasses,
perfluorinated gasses, or carbon dioxide. Because of the
difference in permeability, the gasses diffuse through the
filter element at different rates, thereby creating a
different ratio on the downstream side of the filter
element. Based on this ratio, the integrity of the filter
element can be verified. The wuse of one or more
concentration sensors permits the monitoring of this
downstream ratio.

A second application of the present invention relates
to protein monitoring. In this scenario, a sensor capable
of measuring solute concentration, most preferably protein
concentration, is used to control the filtration processes.
In this application, the sensor is preferably either an
optical fiber through which an wultraviolet or infrared
measurement can be made; an affinity based sensor based on
an optical, electrical or piezoelectric detection method or
an affinity-based sensor using a microbalance and suitable
ligand. In tangential flow filtration (TFF) applications,
the sensor 1is located on the filter, preferably at the

membrane surface physically integral with the filter at the
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of measurlng' the protein concentration at the membrane
surface. Based on this reading, operating conditions, such
as transmembrane pressure, can be adjusted so as to
maintain the protein concentration at a particular level.
This type of control is particularly well suited for
tangential flow filtration where a concentration boundary
layer is built on top of the filter membrane. The membrane
performance, Dboth flux and sieving, is determined by the
wall concentration of the deposited protein. Thus, by
varying transmembrane pressure, the concentration of
protein at the membrane wall can be kept within a specified
window,

In operation, the sensor 30 measures the
concentration. This value is then communicated outside of
the filter housing by the transmitter 40. The external
receiver 60 receives this measured concentration value.
Using a conventional control loop employing an algorithm,
such as proportional-integral-derivative (PID) or
proportional-derivative (PD), an updated desired
transmembrane pressure can be calculated based on the
current pressure and the received concentration
measurement. This new value is then applied to the system.
By dynamically adjusting the pressure, batch-to-batch
variations can be easily accommodated.

In one embodiment, a plastic filter housing is
utilized, allowing the wireless transmitter to transmit

pressure data through the housing at any time.
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1. A method of maintaining a protein concentration at the
membrane surface of a tangential flow filtering element
within a filter housing, comprising:
locating a concentration sensor, in communication with a
transmitter, to the membrane surface of said tangential flow
filtering element, wherein said sensor comprises an optical

fiber through which an IR or UV measurement is made;

monitoring the concentration of said protein using said
sensor;

comparing said concentration to a predetermined range; and

adjusting the transmembrane pressure in response to said

comparison.

2. The method of claim 1, further comprising the step of
transmitting said monitored concentration to a receiver

located outside of said housing.

8n; The method of claim 1, wherein said transmitter utilizes

wireless communication.

4, The method of claim 3, wherein said wireless transmitter

comprises an RFID tag.

5. The method of claim 1, wherein said adjustment is calculated

using a PID loop.

6. A method of maintaining a protein concentration at the
membrane surface of a tangential flow filtering element
within a filter housing, comprising:
locating a concentration sensor, in communication with a
transmitter, to the membrane surface of said tangential
flow filtering element, wherein said sensor comprises an

affinity based sensor, based on an optical, electrical or
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piezoelectric detection method;

monitoring the concentration of said protein using said
sensor;

comparing said concentration to a predetermined range; and
adjusting the transmembrane pressure in response to said

comparison.

T The method of claim 6, further comprising the step of
transmitting said monitored concentration to a receiver

located outside of said housing.

8. The methed of claim 6, wherein said transmitter utilizes

wireless communication.

9. The method of claim 8, wherein said wireless transmitter

comprises an RFID tag.

10. The method of claim 6, wherein said affinity based sensor

comprises a microbalance and a suitable ligand.

11. The method of claim 6, wherein said adjustment is calculated

using a PID loop.
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