FILTER W TH MEMORY, COVMUNI CATI ON _AND CONCENTRATI ON SENSOR BACKGROUND OF
THE | NVENTI ON Theuseof w rel esscomruni cati on. 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 BRI E R : FONNSENSORS t hey

enter the productlon faci Iltlehen |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 manufacturi ng entity to track the
nmovement of the spegifi g, conpopent;thyaugho gqhg Qp&pf aﬁ%grl ng. . Qcess.
It also allows the entity to be able to identi e specific conponents
t hat conpri se RERFap&PET cultapeassldnbl yitor fieni mgsm@amt 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 States 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

limt the |nf|Itrat|on of counterfeit 1;q)rescrlptlon drugs into the market
and to COhSLHﬂﬁ%f? s 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 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.



Since tteir introduction, PITO 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 |abels” in conjunction with filtering apparatus and

repl aceable filter assenblies. Specifically, the patent discloses a. fiiter
havi ng an el ectronic | abel that has a read/wite nenory and an associ at ed
filtering appapatarst thei74haslr eadoutl meamsnr @sponsi ve 1991,neddabelsesThe
electronic |abgl is adapled Lo counl,and store the aghipl,openatifg,hours
of the repl acea Te fiTter. The i ering apparatus is adapted to al Ihow use
or refusal of thetdiinger apbasedsonandi scapéakedhlme fudber. Thesrpdtiest al so
di scl oses that . el oni.¢ | an t - [ ification

i nformation ab% lf]cejtfﬁiec%%gi actglgb?g%el Ctt egs&lgégg Aé)pilgrrﬁtgrappﬂlcn ti %E\l by
Baker et al, peabtitstredci nl2G05 &katlU. 8asPat emeadppliteat menoPublancat eon. M.

U52005/ 0205658, . i Scliases 2 pr,066ss, eauiprent  tracking system This.syst--

S¢
includes the use of RFID tags in conjunction with process equi pnent, The
REID tag i s deseyidiedvasteapuwbllebet- sther ehgcriatnifeadbebnes ta%@dkabl écevent ",

These trackabl g,guents ar egpuneriat ed, @sa¢! eaping idat esonahd bat chyprocess
dates, The publication also discloses an REID reader that is connectable to

a PC or an | ntEtigtceappher 15 9 0dess fqtrpifisntarPirabase l8nPseBtedhis

dat abase cont ai nsunisti pkerd fackabk ecievent seanthacan sHpphys iddz0r-ABkhEoN
useful In determ hing "a service life of the roceEs equi pnment gased on the
accumul at ed dat@™erThéappticddt FORC i HAChaESS tHE tusa® of " T RISty pe2BF L syst em
with a varietycof g ogess wquigrent destich casiyal e rrpuaps, abbht eese and
ultraviolet. | aegﬁls. Anot her patent application, filed by Jornitn et

al and publ i shedi47°3602 G5 “6FS, Patent Application Publication No,

2004/ 0256328, di sclropeserdt deyilceatainth et Boidef @t 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



nmonitoring the integrity of ti p-ing installations, This publication
descri bes the use of filters containing an onboard nenory chip

comuni 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 elenments used in multi-round housin.ge, These steps include
guerying the nenory elenent to verify the type of filter that is being
used, its |imtublicatienddeserippeadudtsi orea epéasie ldara containiPgspate the
i nprovenents t ve re ro t hen s of ; E) there are
addi ti onal areggg?ﬁg? hggggﬁ%t gggﬂ sgg?sfggtorlf%tégg%esggﬁg%ﬁér e%gnple,
there are a nufbeiuettiapplviicat pohslteudhuasng ntlgr iftly teestpngiandaprot ei n
moni toring, 'na@hbcﬁoﬁféhjhgnﬁnﬁpﬂhk8F§Q%1Q%tEP?'ﬁﬁﬂaﬁ&#ﬁﬁkbgﬁoﬁfafgo

particul ar substance woul d be extrene enefici al - I'e REID tags offer

one enbodi ment 96FCthEEpriesent of riieRti bn, P oirati bhsttrine $hAginkredity
conmuni cation are @fesSoremd Shgned enSUMVARY: OF ;i THEh WENTLN housings The
shortcomi ngs of the prior art are overcone by the present invention, which
descri bes a sysSPent antChret Hid UFer Caeiingt e ABESEY | AgftHE clohcenitfti on of
a substance w thintapd idd erilebenemdt ilsnpeeRd aidecenbedi ment s, da-Sensey ,
capabl e of measuring the concentration of a particular substance, and a
communi cat i ons “HBVR CE S & R oUpIPea° S s to be able to neasure and transmit
the concentr ation dafesaipartheuliaprSubshancenin hhes vbetumitas ofhdodgH ter,

while in use TP%S S%StQ€H§ﬁ§ go rhﬁg a singkf,ggngopent, i ntegrating both

t he comuni catioh 4evVit R&> sensaF. 2AF t &t hatPiet y2 T YEan

conpri se separade sensofatanbactorily addressed. For example, there are a
number of applications, such as integrity testing and
protein monitoring, in which real time monitoring of the
concentration of a particular substance would be extremely
beneficial. While RFID tags offer one embodiment of the
present invention, solutions utilizing wired communication

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



transm tter conponents, in co crwanication with one another. In yet another
enbodi nent, a storage el enent can be added to the system thereby all ow ng
the device to store a set of concentration values, In yet another

enbodi ment, the transmtter conponents operate wrel essly. The use of
this device He beneficial to many applications. For exanple, a newy

devel oped integrity test is based on the concept of addihg a tracer gas to
a carrier. Detection of this tracer gas gives higher sensitivity than a
standard di f f usiranshnéster Tdrenpabedtig,y ino cderecicathios gashandet ranshet. t he

results outside the.fi)ter, houslng.uoul d, b great Ly penefLgial. Laqaqot her
application, the ability to nonitor the protein concentration within the
filter housing tenalileesyshenoperatbrngacbndingi 6hs tevhe ad) usted so astto

mai ntain. the t ei at i at e u : r. no
reliable and r%ﬁogﬁr{gﬁe&%gggg% o%ér‘r%%csé. ltélr?l )éél?nJQDlrllz@S%%ISPTl&t&%&%Je%ﬁE D%%N NGS

Finure 1 is a repnesentst icpar@iyddi apeitatef vitrd gseésent i nventl en.

The use of this device 1s Dbeneficial to many
applications. For example, a newly developed integrity test
is based on the concept of adding a tracer gas to a
carrier. Detection of +this tracer gas gives higher
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



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1 illustrates a
representative filtering systemin accordance with the present invention.
The filter element 10 is enclosed with a housing 20. The filter el enent can
be sinply a porous material, such as pleated paper. Alternatively, the
filter element may he nore conplex; for exanple, conprising a frame, such
as ot. plastic, and a porous material _ Located in close proximty of, and

pref erably afféf(edaﬁcpipfe@@rgﬁiyt efrsekement, 10.d sciaceengestsat i om sengor 30.
This sensor 30 is capable of generati n%éan out put, which varies as a
[

function of theesErESAREIThg SEBFent? at T6hHS fseélsﬁérﬁocullér Supdtigncet This

out put can be idhdhe;for amofuapu@nalioanvoldrage ok cUrresidy &anthe a
digital value or pulse, in the piefeireci enbodinment, the output varies

linearly with $HeOSBAERNt FARTOHNI2htARVET & hPETT<CHEE e?”rbééiﬁPF%neﬁPlsAny

out put havi ng guidhewdarebationshi porsuch as aln@gaajl {rdﬂma?ge!)rore)ﬁih@li}éﬂtl al to
t he surroundi ng concentration, .can be_enpl oyed. sIuc situ t| on,

t ransf or mat i orP’of Sthe SSut put?i8aht be Vpers oPﬁEdmtlSedet r’ntfﬁi% ttHé EEFE%I

measur ed conceditoati hent , the Theuwgeorcentdmatdson $emsorly30 iwdtpref enably
nounted on the dovvn tream si H oJe th f| I ter eéterrent 10,10 appl i gatl ons
wher e the concehtsi F?)Elod‘f’ 'Y §t T hondgehtous, the tocktion of sensor

30 is not critdwalut aatzlm:gana bercanywhesrtelicoshi be doinsts damagiidenod ¢he
Tlter of omemenpighcli, Tl nohe | LSHhAGg | REALONGI SULE 20800 LOC

filter el enent c?r I'n %Ehe’ cormon outT ose a aitions where the
concentration émpldiysdr etle andhnon hohoygdrmeousy th@&fmm@mpat iadn Skensor may

be | ocat ed intcﬁ{e OXEMLY 10 taé%fgyfa&utt&fdé&%%egt%eela%%gi mleasﬁw@r

enbodi nent s, concentration sensor 30 can | ocated within the commopn
outlet. In somengppkieitdrons, the tenperature of the filter el enent may

exceed 115C, therefQLe g,sensqktisapabl L O0fz3oniit h%&@gkg}gw hisut€mpesat ure
shoul d be enployed. Simlarly, the tenperature with the nou5|]'r(1og 20 may
cycle from | oér tdwperbtdt essid6 hioghertheenpértattur el HiftP hack?: thEtefore

the sensor shoydibst sl t@gwbt hshandcbeimeratuse cyelingeeddhitre ade

mul tiple enbodinents of this concentration sensor, For exanple, in
homogeneous, the location of sensor 30 1s not critical, and
can be anywhere on the downstream side of the filter
element, such as, but not limited to, the inner surface of
the filter element or in the common outlet. In those
applications where the concentration is discrete and non-
homogeneous, the concentration sensor may be located in
proximity to the output of the filter element. In other
embodiments, the concentration sensor 30 can be located
within the common outlet. In some applications, the
temperature of the filter element may exceed 145°C,
therefore a sensor capable of withstanding this temperature
should be employed. Similarly, the temperature with the
housing 20 may cycle from lower temperatures to higher
temperatures and back, therefore the sensor should be able
to withstand temperature cycling. There are multiple

embodiments of this concentration sensor. For example, in



certain applications, this sensor is a solid state device that uses a
particul ar conpound known to interact with the desired gas. In one

enbodi ment of a hydrogen sensor, a MOS diode is used, where the netal alloy
| ayer conprises a PdAg alloy, the oxide in Si02 and the sem conductor is
silicon. Hydrogen affects the junction between the netal and oxide |ayers,
t hereby changi ng the characteristics of the diode. This j ion variation can
t hen be transl ateteimtapm iconter,r dthiienskevet .14 na ambtchest&mbodkner , a
metal oxide sewlepnductol Lok [l DABYLES WAGKE bNe,pxiLe: |5 ARy o
utilized. The presence of foxidrzi ng. gases near the sensor changes ‘e

resi stance chardasterd stdscs Iof onheerdeviive,t tdereethydabton pgntdie a MOS
concentration qf e o] e ' i i ; ors
utilize infrar g%m%%]lJk%%iegbe?}g?%ntt?%m&%%gctay%g ﬁ%}ra}églg%ﬁétg%el%g%f Q‘f\ t hese
sensors, a beamldfyl Rlis dxignsdadt f&d vodarle asedcendestomhes partie-ar
substance of 'ﬁ#,fﬁlgl@g%ne n SUCR8S Ao 085, -+ABFOLRS SQMB Y A8l RJadlatdon as

it. passes fro ansmtter to the receiver. The anount of absorption
is related to theeroncémrelyi 6foFinghéhg ubt@réer i TR End UV ghto®an al so

be need, typicahly iR conpMNGHLEOL Wit hoth fLREK @Rt erLahleedt 01 MBASYr €
solute concentration through the use of refraction. Another type of sensor
is an affinitycpasstsénsor 1pE¥ed Oh WTOpEi BPOIIELEEL rifc et oxide

pi ezoel ectric detecdirtpet hodal agyn Gpei sucheatbt thai byrdased sensars
utilizes a mcrobal ance on which a suitahle |igand is placed. The

subst ance. in ftekticoh i'SCatEEEHEE 1Y diddabhEt €6 (e | 'gEnd e s
results in a sahlgdNCr@asertdi dthacanssharacat ektanst her ni ciobaleance- This
mass can then be c nverﬁlgd to a _concentration rate, b@ﬁeed onsflt%w ate.
These exanpl es"3F &9t Ended 1D BESi | FUSEPAETVE of “sons of The tVpes of
sensors that cascdenimsed; Ahesndtsivadt, | nteadedendwr shen@rn iexhaustdared! | st .
of all such snitable concontratiqgn, sensors,. t m t.ter is also
| ocat ed near, 6%& n Jés@ﬁeéftsé8nw%?h%? e s nasrgc}lc%?rlsr’\u%éﬁ%rg%f etlﬁqe&h%%e
enbodi ment, theetsansmat beam 4¥ dRditheragoncemtd dtavendsensere 3G rar ghe
encapsul ated i S e ted c t, ernati vel.y,

transmtter 408%%&#%%!55532(&)?%% ccgfn Jg{e%gggg'r at ed. ,ggné ig%%on%éugﬁirggti on
with each ot hesomsuch tde VRareflettioncak. isigrrdes. fvari bus typegisfter
communi cati on devi,ces AaLe, oSSl gnolt QR€gHDQMIRNt s WIAlLES, the
comaauhirration is used, and the use of an RIFID tag is preferred_ An
active REID tagertdnows tregutfartheofiiticeae ol intth WWhetglader: alsc be

Al ternatively,  &q passhve REIID tag;eanibe used.a wheeebypthie energycbo
transmt and sense the tenperature is obtained fromthe el ectromagnetic

fie.id transnmftEdBy SPhBERRIDCEBAERNT O ANEME héFCeHBOdP reht < Ak tres -

communi cati on hetueenti,pe sensdkoants arcontiolt mdube eeisidessBe oh. ousirg
i s used. Optional :1-h a%rsctora e el enent, 50 can, be uscﬁecsjC [ n,

coni unoti oo with t R Fehsni tYEFTACHENd Che CONESTLFatTon setis6r 36" This
st orage el enentethddowbigh icsepr ef@r abFyia tyahdswn aceessr memoirly.zecSAM)  or

' PLASH EPROM devi ce, .can be_used to story set..of concentration adi ngs,
such as rry bemgcerr?g’laé?%e by™r ewgﬁlcér'a sa qﬁ%%ﬁ oJTlgtaHé Sen %%:e;ao. it Thi s
al l ows the rateiattanhechnt heetramsm ¢ t ettad®@dsendsardat adlteordye th f feeent
fromthe rate at ich.the co tratiqn | a For . xaqg,le he
concentration o a\ﬁ’gé ts‘%hn%psl eaeﬁ\@%ﬁ rrg%s %ergliae%o%{jg%ﬁslee tlﬁe at amﬁé
transnitted onlgcagrde per secxondcrobalance. 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



In one enbodi ment, a wireless receiver, 60, |located outsiee the filter
housing 20, is used to communicate with the transmtter. In the prefer red
enbodi nent, an RILE reader or base station is used. The reader can be
configured such that it queries the transmtter at regular intervals,
Al ternatively, the reader can be manual |y operated. so that readings are
made when requested by the equipment operator. in another enbodinment, the
wirel ess receiver 60 also includes a storage el enent, This reduces t he
conrsexity reqlf rd Bt TheUHeViSce i t P FlLhE Rous g P Fn CPRFS  eridddiment |
the wnEO a e geﬁggﬁgver Queries the mnreless transmtter/concentration
sensor at preferabb¥ ular i nterval s. receives fromthe wreless
éﬁ?

transnmitter the cu éBhFﬁﬁir fﬁhégéﬁs&P AEAS UP Etent “ast det Eritiched at

that tinme. Thewwtitel ess reeebver3060 trhenhst grresethés eabuveinant t s tekor age

el ement. The capacity of t st or elenent an .vary, and_canbe
det er m ned basg'gi é §5r|é?y g% ors° %gﬁﬂFﬁgluge%sﬁut gpe "o

limted to, thém¢&ﬁsalatemh|chnneasurenﬁmg$eareinee§mamaﬂ t hecm@atrneenat. whi ch
the stored datp, s processed, and.ihe direayencys with uhich thi 9.5t grage

elenent I's in GORMURICAtT BN Wit h S out'side environnment
eranpl e, consi geyamted t endelementmiyaldartigoa Mmthlésshtpéhsnltﬁéﬂhoassuch as

an PRID tag, coupl ed ghih.a cuenty ation aenserodd. Jen bhiduenbodoment

the RFID tag |5 passive, t a's, It y sends data upon receipt of
query fromt hedwi rasises sa rec ePveHiPler bdSe st | Oﬁmbng@ﬁnlteceﬂ'ﬁ'treéﬁsﬁhat

query, the trapsmttieLttsanssi tgchhe val ug,cuntentlsy avaiggabl ecf4 omst he
concentration sensor 30, In one scenario, the wireless receiver, which as

coupled to a COFRIFELAE- dBVi ed:iveuiTRstal coMmsitereIthan SPBFES PHask

val ues, optiongldry Wd h-3R-assOciatgdi ténmestamsssuehrasni Rag keg bile. In
a dlfferent scenario, if the wireless receiver is separated fromthe

conputer, the ¥R veieRPPY ridéd €8°5%6r 6% rufbEr of ceéitrat i 6n°

nmeasurenents 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



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 discl osed and are known in the art, United
States Patent Lpplication Publication 2004/0256323 descri bes the use of an
antenna to relay informati on between transponders |ocated on the falter
housi ng to a nBRPEBFi MY akdstesttaliaPre ert erAad- t o The howsdiary, can  beHavi ng

defined the physhealustd ugtur engf i@eqwﬁggmthgnvfména@tetch%rcerég,s g, number
of applications in which it is beneficial, The followng is nean %o
il lustrate sonmeR6fTThose dPprreativen; hbweveredderi scast ipat emdedadasy a

recitation of abkrsted apphhgatiOnSngs are mb@bowﬁé@nPQQhﬁﬁ%%:k; eﬁﬁgesent
inveni fIP is used in conjunction with in situ Integrity Testing. This
process al | ows *HHEPHPET aPBrr2' @ cer tt f §ReHEEY neBeRdiEnéf  tHe f Witetsswi t hin

the filter houskpgiair tée Lust omenugid ea Withoule addithonakyeguipgent, In
one efl bodi nent, a tracer, such as heliumor hydrogen, is added to a

as, )
carrier and injBtt 64 PP Whe g5t e oA [en<Hvichr wh ek Ebl Yha BeRsEhst at e

gas sensor capabl eciofs measodimg@teconeent pate o of-ctberdy acgrr9as, i1
preferably positioned on the downstream side of the filter, so as to

e
measure the br&aKTHrough“6F ST he v 5eeteiG4s t19he T&1598r €an BpEfomAIY be
protected by aréydrophobhcefiditser txx aveedefwaw i ngrav t h peot ejn-and Ot her

materi al s, Thetgoncenttggt Lon of tracer cgeg%tsgﬁg]bgﬁpem fic operating

transnenbrane pressure s indiEACr Vet PGS PRI hdrfes in

the falter. Theécioomdestir ati thaicerigas ihdi catesedherbtdiwsr seonteghity,
and,thus; passhiall, Soion.a,gan, be potallLaned L. 3 TLIger g This

the storage element can vary, and can be determined based
on a variety of factors. These include, but are not limited
to, the rate at which measurements are received, the rate
at which the stored data is processed, and the frequency
with which this storage element is in communication with
its outside environment.

As an example, consider a filter element having a
wireless transmitter 40, such as an RFID tag, coupled with
a concentration sensor 30. In this embodiment, the RFID tag
is passive, that is, it only sends data upon receipt of a
query from the wireless receiver, 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



bubbl e point and the presence of defects than a standard di ffusion test.
This test is applicable to any filter, but is nost ideally suited to Normal

faow Parvovirns fnl) filters. 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 Provisional Application Serial No.

60/ 725, 238, fil ed Octl berur}tl " ZSQJ(()ZE) tllnpe t ge Qref e‘r:&erg Cetrgbdo% ment the filter
el ement is wettee sUitabl'e I rqui d° and the Sei‘ecte gasses “hdve

di fferent per neahpdulhg |amdt/hat stogugied.deThes gaSseshusedaeem be sgorwagri ous
conposi tions, inoln erf ses, or carbon

di oxi de. Becausie oefnl%t Heec(jjsf ePgﬁtz%ﬁﬁag%i r‘?’égg Hét;r é%asses di ffuse
through the filter Mekbpeninat fal ftmﬂemttmgeswmdieﬁebwleneés| rgtaidefferent
ratio on the downsiseam.skdes OfedekElbels elemant. Eaged;anchbi s catic,
the integrity o Iter el ement can be verified e use of one or nore
concentration $ensor sSfrﬁetem tRatehe Appliwrting GPbt it igowstGeamdrats o.

A second appligatiQn.of {he preset LavenkiAR.relatesiio pratehlcion
monitoring. In this scenario, a sensor capable of neasuring solute

concentrat i on, PHISE priePesaBIdEsr cksrReS oRBeritfatiidher| $ysdadt & cont r ol

the filtrati omdi0ce$88Sand Rethi EridPphi&aliiobe tHensensas. is preferably
either an optical fiber through which an ultraviolet or _infrared

measur ement can be PAEHRY SnTEPA diey PBASEF IseH<IF thES et on"anPEBERLEI ,

el ectrical or piwezeebscttherdeiect: onmpet hof Ofplaraafbnsi 1y- basad sensor
using a m crobe Lanc suitabhle li,gand, |In tangen flow filtration
(TFE) applicatif olksenegﬁ‘é %en oF %llloé’&g?eﬂs d‘f?atnﬁeggi JrﬁeLfStrﬁltgf &ranl ?/Pat t he
menbr ane surf atese' labplicnatteghaj viclvavéhe ifti | ter att t henteadtbetaendz of the
fl ow channel , The Sensor cagg{ﬂ e of measuring- the protein

concentrati on ‘at-tRe* Herb rane Bad&&°on this readi ng, operating

condi tions, such asgnt masmhhds@tpr essupessedn bEfGIdelQSt@di sEeas i

i el e BrateLn CANCEVT oLl O0LAL S AL cUkaC.l avel I 5Ly, o

control is parti suite t| ation where a
concentration aljd@wdatlyelmﬁelatps tbelCIetrtef-lyt*\‘d}@ ofitedvel fy quelthﬁeﬁbimles The

menbr ane per f qrimgnge, ¢ hot h fild gx r?d%@lﬁbe\é'tnguhé s detglm ned byt he,val |
concentration of the deposite rotein. Thus, by varying transnenbrne

pressure, the a@@ﬂééﬁ@#htﬁ%ﬂpm?“%r dPePRe atMANETREE h-ariea/aF] 98an Peckept
within a specifd ed Wi,ndew nldapenat konthesensqr 3Qreasur gstihenjectred

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



concentration, This value is then commnicated outside of the filter
housing by the transmtter 40, The external receiver 60 receives this
nmeasured concentration value, Using a conventional control |oop enploying

an algorithm such as proportional-integral-derivative (BID) or

prcpertional -derivative (PD)e an updated desired tranamenbrane pressure can
be cal cul ated based on the current pressure and the received cgncenj[ra“ on
measurenent. This new value is then applied to the system By dynanmically
adj usting the pré8strBOibat &bt Bihatareonari afi 6rseean Heaasi Ispandard

accommodat ed, diffusidd tne . enbodi f@nt i saaphastd of it ahyhousipg i §,¢
utilized, allow n?f@j;[ he wireless transmtter to transmt pressure data

through the hod§i Mf<at &HRA4nesui tedA toet Wodiadt Feivht BR AT MG & spr OV EP N

concentration asitées.menbrane sails:cc of a filtering elenent within a

filter housing, CO”B{Islgg%ond 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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| ocating a concentration sensor, in commmidstion with a. transmtter, to
the menbrane surface of said filtering E: 1. erne :It ; nonitoring the
concentration of said protein using said sensorl conparing said
concentration to a predeternm ne. range; and adjusting the transnonbrane

pressure in response to said conparison.

outlet end of the flow channel. The sensor is then capable
of measuring 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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a, The nethod of claim11, further conprising the step of tranomtting said
nmoni tored concontrotion to a receiver |ocated outside of said housing,
3, The nc?!':.tlockE of claim 1, wherein said sensor conprises an opti cal
fi ber through whidh an. JP or TV neasurenent is nade,. The nethod of claim
1, wherei yrsai dssensgreconprises an affinity based sensor, based on an
optical, electrical or piozoelectric detection nethod. 5, The gethod of
claiml, wherein said transmtter utilizes

1. A method of maintaining a protein concentration as the

membrane surface of a filtering element within a filter
housing, comprising:

locating a concentration sensor, in communication with a
transmitter, to the membrane surface of said filtering
element;

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.

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

located outside of said housing.

3a The method of claim 1, wherein said sensor comprises an

optical fiber through which an IR or UV measurement is made.

4. The method of claim 1, wherein said sensor comprises an
affinity based sensor, based on an optical, electrical or

piezoelectric detection method.

5. The method of c¢laim 1, wherein said transmitter utilizes

wireless communication.

6. The method of claim 5, wherein said wireless transmitter

comprises an RFID tag.

7. The method of claim 4, wherein said affinity based sensor

comprises a microbalance and a suitable ligand.

12



wt ol ess commni cstion. 6, The nmethod of claim5, wherein said wreless
transmtter conprises an Rfaill tad. 8.The nethod of claim1, wherein said
adj ustnment is calculated using. a PIED | oofa

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

using a PID loop.
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