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 Den 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 er.. Ihe ent .al so
di scl oses that tkt“?]e Léf‘%ct?%ni ceqlea%é{ﬁlccanajﬁgegggd lgbs%%?Je ﬁfg%%‘i fitwcl%h on

i nformati on abéuttd¢hegr epbacedblse fidt ereplaceableA patéeatr appidnddtiesn by
Baker et al, p S ip 2 LS. i cati Publ.i catign. M.
U52005/ 0205658?8%%13%%%%2’ an‘?oc %t;éngquugggncgl%{setéfgick?%gﬂtggst}lé%lrs?ﬁi ggsyst -

i ncl udes the uske@froREED t@ys i hhaonjhanactd omeadtwr igreocBssoequignventn The
REID tag is described.gs f@%@iﬁgofapg;a%wg "@lacl east opeddackahlg event”,
These trackabl e events are enunerated as cl eaning 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 deteFtRHiGegrta Setvice Thef ElofetHYW e aqurf pRERPE®AsEd on the

accunul at ed datai'sw The 8pphicatiopring udesetheuse of this doppecohesystem
with a variety of process ;:\\%gji[prrent, such as val veg, grn%)s f,ilgers and
ultraviol et. IRMRET: The PRRHhErSHA St CappliiGht i8R, StTTeP By I6PRTtn et
al and publ i shegh i ke 2004 as UtSrePatient i fAppk i €at iofvRubl bsatbeat Nehe

2004/ 0256328, di ;{:I 0ses aﬂ%vi ce and nmethod for nonitoring the integrity of
ti p-ing instal THGEGAS THi'S “publ i cation describes the use of filters

cont ai ni ng an onboar damenorappethipt comynBelatd ens adevpeel idhrdcon] anes i on
with a filter housing._ The filter housi acts.as noni i

Mtegrity testd Srhsieaagt the T arord Serbedl B IhAG 2R038% , be
used tb insureditshdoisategr ptycafs teleifpidrttertiragketengrnttenys&disnspeten - r ound
housi n. qge, The s.{.nc e i h I .. to i t he
type of fil terlsrfeci%%j%igs thgi lrllggu%ggﬁl?ﬂt sr{%lg}smg{l%B?{%?&éngeﬁégkppg%éc%%’on

rel ease data equipmenDespid Ritlive thapiovéarentsed hat . cdrapéeocéuptedinrdr ough

the use of RIIE). tags, Lhere aneradditdgnal rareas: thalhaveyopts bean

satisfactorily addressed. For exanple, there are a nunber of applications,
such as i nt egrintyrerased nip afidaprbe efat Fonichr PRAECH iRFoMEcEndreat - tThe

moni toring of theicaneantratdon ofscaopadtigul agrsyubstance wold be; s
extrenely beneficial- Wiile REID tags of fer one enbodi nent of the present
i nvention, solAP6RE3%R1S | it8i ng ST el cATUATERRISN aleef s eRTPSTONed.

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



SUMVARY OF THE | NVENTI ON The shortcom ngs of the prior art are
overcone by the present invention, which describes a system and nethod for
accurately measuring the concentration of a substance within a filter
element. In certain enbodi ments, a sensor, capable of measuring the
concentration of a particul ar substance, and a communi cati ons device are
coupled so as to be able to neasure and transmt the concentr ation of a
particul ar substance in the vicinity of a filter, while in use This system
can conprise abrgbagFet conpdaentibepnttégr atdangobotii lithes cormisiicarbonamevi ce
and the sensor onfblesnatysly, LHE, SYShem CafnGomkishSeRAIALR senser and

transnitter conmponents, in co conmunication one another. Th yet

anot her enbodi FeRI\ @ Storage el érETR- dahsbed -added fid teRehsystem ather eby

al | owi ng the devi gentQ;&1Ang Qnéefnt%rgwct%@tteet!ﬂ{gitvaéplgsqacawoa{e%@ot her
e

enbodi nent, the transmtter conponents operate wirelessly. use of
this device Hedpefe?$<s &l SE6 Hany-eappl? ¢t iU6RS. tForrexamphe, lataew ty

devel oped integki tyhd est1ds-ihasedpontheycancept of caddihigy anbracgss gas to
a carrier. Detection of this tracer gas gives higher sensitivity than a
standard diffusPenct 85¢RS THE1ABEI FE§ HaIdétBciePRTS Fe& Hid t% afsmity t he

resul ts outsidentheyhd |d@erriheusi mgovaul debey great | yrhenehi€i @ta | N@not her
application, the abiljty to monitor the protein concentration within the
filter housi ng ehabi ¥ THE" oferat? i ‘@onditions to be adjusted so as to
mai ntai n. the proteimspaneenhtatinpivinehhe ORADr A stEf@eed Of hrml

reliable and rggroduciq%ﬁuﬁg;forna e. BRHEF SCRI PTI ON CF THEYPRAMWBEE

Finure 1 is a réprésentati 5ﬁﬁ%ﬂiﬁ§ﬁf B t W& Pre8ant 2 F Aientitan have
not been satisfactorily 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



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 elenent 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
preferably affixed to, the filter element 10 is a concentration sensor 30.
Thi s sensor 30 tirsncapabde afmpgeeersat iimg canmeut@Ertionwhiith vari escakea.
function of the, suounding. caeentialion oo dgBaLiballarcsiibsl aggeg This
out put can be i'n the formof an ana 0og voltage”or current, or can be a
digital val ue dro puleseysiant hehegieef ert Epiingnibodi Aentce tire orputa vart es
linearly with tfie canaaRLLAdPly, Ve, LIS Lo (il ackEQMEENt LAY
out put having a known relationship, such as logarithmc or exponential, to
t he surroundi ngreoasertsatcPoronean bes@sl 6ied.esEAYsuch a situation, a
transformation of the.output ganhespegtoraed ko dehermine the, actyal
measur ed concentration. The concentration sensor 30 is preferably
mount ed on t he a@eWASEFexh-sFde DFRTPRE, f 7 | 18 YeP8ReHIPSL0 1NERI&PDY | €2l ons

where the concentrgidon of ithter@siep® hemogenequss theckecafd-oncef sensor
30 is not critical, and can be anywhere on the downstream side of the

filter el ement C28GéR as, PHIRCEABE | Phi t €St o, " EABT i N7 sBrfate Bt9ttde
filter el ement s@hsinithe coaAoR etidelr-d bnfihase appt. kahéi epsi where the
concentration is discrete and n(gn hom)gen ous, t?e cor%csrgtr%i op, sensor may
be located in PpEEKFR 3% 2Eh OUtFUE™0F e *PFYt'et CH"Ereht t°F nt ot ifer
enbodi nent s, theueongentwoation sensate3flcanbbeetfiocatied Wrhhi naitdehegzonmon
outlet. In sone agglic.ations the te eratuyre 011:1 r;ierfil L el ement. may
exceed 115C, t RBPEFGIE A sensdi cdpabte’ of "Wi t HeYERdi'ng this t@nperdt ure
shoul d be enpl epedentStatiibar | yitliive tEenperfativee whobsie nousileg 20:hray
cycle fromlower, t er I, t.o .hi gher_ t re . therefore

t he sensor sh\gﬁpﬁr%g@agol%%léég%I}%sttoag% tagﬁrgg{r)%{ }Iré; %%/cﬁpgmgg) er' ehcglree

mul ti pl e enbodipmenesn ofcothéstrmbhacentartat tlon senmsone Fonr@cmpler imprecertain
appl i cati ons, i i i i.ce that uses a particul ar
conpound knomrrtgy?kr%%;%ggt k%%ﬁﬁgtﬁ%ﬁd?g?gﬂ%&gg: I n one enbodi nent of a
hydr ogen sensor, a MOS diode is used, where the netal alloy |ayer conprises
a PdAg all oy, the oxide inpRrfe mdedrtPErSEBFCHE wRhRENES Silicon. Hydrogen
affects the junction betweén € nmetal and oxide layers, thereby changi ng
the characteristics of the diode. This j ion variation can then be
translated into a congeatfalian d@y¥ekenddtivansidierinerbodt nesd ,p.a s¥tal

oxi de semnm conductor thick filmdevice where the oxide is SnQ2 is utilized.
The presence of™8%X+di%i'ng. gases near the sensor changes the resistance
characteristics of the device, thereby allowi ng the concentration of the
gas to be determned_ Yil L1 el r 0 ilize infrared (flk)
di spersion to detect partgi:&é-@ e, 2 erl'?rs, a beamof IR
is transudtted toward a receiver. The particul ar substance of interest,
such as a gas, absarbs sone.of the IR radiatio Lt .. ses fromthe
transmtter to theOEil géﬁvgf%ﬁfﬁ%raﬁ%%n% roeip% es%ap?iVSnfﬁgg%éllnagtg %ttgmt he
concentration of téhesdbstancethTRiand ¥sknghtirvantabso Heeneed lteypical ly
i n conjunction_w a fjber, opti bl e, ,to solut e n tion

t hrough t he us%y\éor#&rtef&%cﬁisongﬁ%&%gtgﬁerﬁtﬁpea g‘fmgg%g%r@ios' a%ﬁé)lf H@lrttgf'/l based
sensor based oplamerdptdealbe eligetyi ealroopupi vFioaligdt risgcletéctrileated

met hodol ogy, Cyaepe%u.chAafc,emayiwly@se&ese%p{eyt ichibgese a 1d\cr eRal gagce on
which a suitable ligand is placed. The substance. in question is attached
to and adher esC¥®tteé | fgan@raMhis r 6STUPEISIPA ad sralPler nctedse 3fn Phe nass
| ocated on the,rdqariebalance- pdhis mRSS-£AN theptbe convesdedAQidity
concentration rate, based on flow rate. These exanples are intended to be
illustrative of sons of the types of sensors that can be used; this is not
i nt ended 4




to he an exhaustive list. of all such snitable concontration sensors,
Atransmtter 40 is also |located near, or integrated with the sensor 30, In
the preferred enbodinent, the transmtter 40 and the concentration sensor
30 are encapsulated in a single integrated conponent, Alternatively, the
transmtter 40 and the sensor 30 can be separated., and in conmmunication
with each other, such as via electrical. signals. Various types of

conmuni cation gdeviges ple.poss) biixbd one @mpadiment c1vWhEet €86 is a
comaauhirration is used, and the use of an RIFID tag is preferred_ An
active REID tagPrelen6wat reyurarsConitini FatforPaRiceR tie rféadegpable ~of

Al'ternatively, &heBaS8kVanRELBLEEY f@nbeused, asher ebynddieenef gynto
transmt and sense the tenperature is obtained frogmthe el ectronagnetic

fie.id transm$HERUBYIEheCREIDFBEMET . °F n? aRdt Her8rbSaPrERPCe wi Fads

communi cati on hetiveenat hge SENSAHe @Ben ac € Qi 10la 1 8Hdud B 01 sirdetrhenth. ousirg
is used. Opt i onal :1-h,a,storagﬁ el enent .50 cein. Ee used in

coni unoti oo wi®h AR tsndmitEEr240VantP t RE dOHEENt r'at i bR sélssF 38 This
storage el emerdm2Qinwht ch itsepr ebetabl y @arianduml aceessy nenorey. (SAM) or

' PLASH EPROM devi ce, can be Bsed to Etore.a set ofa cggcgyrtgmaetniton Rgadi ngs,
such as rry beeY&iBFat e By PRGUISAr" “Sahpltng Of the SSensdr- b Y This
al l ows the rateatatutwhbehnd he trreans el 4teirons40p sends dat a doerbéehdi ¢ f er ent
fromthe rate at which the . concentrati I a . exa : e
concentration i fnﬁgglsaélrfpl ed 18§ i rrsglsrrgg?é% co%g%lg%ﬁ{agltoﬁé (qg%g i%g
transnitted ondnylomee. pén sewbndy situatipp, orfe endodioreatioa wifr etless

recei ver, 60, e ut.si | 1ter Is i d ni cat e
with the transérhlotﬁﬁgrgaﬁn bt%hzg%prr%g%%%d rEecg %%ﬁ?ﬁgn??eaﬁ%ﬁpﬁg m%gggg%mgr base
station is usewrThatraaider can be configured such that it queries the

transmtter at regujar  Lnt&vakson AldeIRatively o herkgadens tdtbesmanual |y
operated. so that readings are nmade when requested by the equi pnent

operator. in adet helovaabbeithentidet hetwi répessitetei vetesd tal st i nctudes a

storage el ement,,1Thigideducgs thegont sexddny rhedu r edr of ihbherdavi ces wi t hin
the housing. In this enbodi nent, the w nEO a e_e receiver Queries the
wirel ess trandiTCEBRFUbncERtr AP0 CBef§ ot S T pref &7 ailly Tegdfar i #terval s.
It receives from the winkehess bhansid tteimdtheagurgient eonaent raiiesn sensor
measurenment as determned at that tine., The V\{rel SS .recei verf60 t hen
stores this val§8elh i ¥ %t°6r agBt el ® Ltqfhe " tapdsi tV6F FHET S torAye

el ement can vany, atdk<ganebenddet esim ned hasedommra vatiety oh facdors,
These i ncl ude,

recei ved, the @ggécgéfo\ﬂgﬁéwe%rﬁnekggo%g %gterﬁrt?(t%r?p?%céglsscg%t%gﬁ%luo[ ﬁrrérg'?n{ Zqﬁgﬁcy
w th which thismstenages,el @nentorenitnatomuaecatn onay bh |lteagatsiide

envi ronnent . 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



As an eranple, consider a filter elenment having a wireless transmtter O,
such as an PFID tag, coupled with a concentration sensor 30. In this
enbodi ment, the RFID tag |5 passive, that a.s, it only sends data upon
recei pt of a query fromthe wreless receiver, or base station, Upon

recei pt of that query, the transmtter transmts the value currently

avai l able fromthe concentration sensor 30, In one scenario, the wireless
recei ver, whi cheasatoupbedchoiensconmputi sgnegevi te, 2 sachidassaatconpertiers t hen
st or e_s these V%hgfsﬁseospta{ Opna%ltli}éuy\grt QoﬁB %?@%o%ﬁeQOt 'J_H?QI*%[P’W%C}]CF%S In a
Log file. In adifferent. 'scenario, | the wireless receiver 1s separ at ed
from the conputiesjrdachesasecénvene widodpred: taf st dweradaunpersof, a MOS
concentrall on HESsMraTta, L& AL Yo NG b oS oLl MBnBss Lo | 5 sapnect ed
to the main conputing and/ or storage device, In this case, a. storagde

el ement needs tolbe |wtegrdredin RO hadr teei yariconductonpehan! seorf.or
transmtting w i Sk - i v n discl.osed and
are known in }Aﬁgg‘%ﬁé‘ fldn#{égggs? g% ehslq%at;lgﬁt Bﬁg‘g‘ﬁ}gﬁ}%ﬁ%ﬁi&l i%{éf i(,%%%ﬁe

2004/ 0256323 désitibestheebisehofoian ahe epltrr ACG €T @Y riflor st | P dset ween

transponders | ggated gniihe fakier; housingchon ap DNt t0ldRGeand; f@st sunit
erternal to the housin Havi ng defined the physical structure of the

present invent F%‘Eef’t‘ﬁé‘%éo’ér éeg hunBBera ot happPPRATERS i A e i4°598
beneficial, TheefoldQMcREri Shimanti1hogktidistunate spaecofdd hosesno, is
applications, however it is not intended as a recitation of all such

appl i cati ons. Utilized.n Thge PERBRfISEHt O ASZ PResEHTS Avami F1P 9% S%ed in
conj unction W tRahdesSi tthel Ntegrdthyicd esdtiargctdhissipsocess ehd owsetihe,

operator to certify the_integri of the gilt.ers wi.thin the filter housing
at the cust orrth%)f%gé’ wiatlb18ﬁ’%ad%i¥‘?i oAICCBa T pright O 1 n'dhe & bodi néft, a

tracer gas, suehtascihekiumieerhydregen, otiseaddetsdro avtciarirdeeriranc tenj ect ed
into the system,A senegr. Rretenaply. a,50LLd, 5! alg, 83 sensqr, Gapanl e of

measuri ng conc s of the tracer gas, I's preferably position on the
downst r eam si deemwfortshe af bkérergf & as tmnypastee tdwerBr eakedeiorgh Ghet he

tracer gas. The, sensar canoplianald v, e grotegiad by 3 hudonhaie. il ter

to avoid fouli protern and other nateria concentration of
tracer gas at sowpedi flile dBeratiaigonr anshenbrase pressbbe Fsanswuditéati ve of

bubbl e pointi ke SPECIT.C s PO eSrricN ahligf Alet €550, T8 060K GenLT Aidy tAGEE gas
indicates the filter's integrity, and thus, pass/fail criteria can be
est abl i shed foposehrptlieerct ype. sThtsncest Tiiand Jivet @ horad se/si PRve

i ndi cation of 1!1;*?&1, 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



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, filed October 11, 2005. In the preferred enbodi nent, the filter
elenment is wetted with a suitable liquid, and the sel ected gasses have
different pernEabPtidy SRAEHELVS 48F °F FHe GHERS e ec&ﬁng‘ae”%rfat\}éh“i ous
conpositions, k&eddt.ng nobl e gasses, perfinoriflated gasses, or carbon

di oxi de. Because of the difference in per rrﬁabi Li(%]y t he gasses dif fuse
through the filter 7ol i@l BtSdi TF ererit Pat @52t theP @By cFeat’ N & dif f er ent
rati o on the downstream sicdeoof Fche fil tee elrefented Baseddonetth) s thati o,

the integrity of the filter elenment can be verified. The use % one or nore

f
concentration SeH¥SPS Bernits THe nohi tocrolnﬁanélfatt Ti's downsStream ratto.

A.second applieatdronuletethe pnesent irmiepléon relayesedo proteioment.

moni toring. | nupAi S SGENATT QR SENSOL. G3PARI £, 0f PASHIINT SOl ULE
concentration, Nnost pre?e¥ab y pro?el n concentration, is used to control
the filtrationsgraoeesses antinivhicomappldacationitheaskensohers preferably

ei ther an Op“\%aL fe'ﬂ%gErL.fhﬁOUg?ngC.h @QrigJutsr ayiolet o@r Lohh@l€dtion
measur enment can be nade; an affinity based sensor based on an optical,

el ectrical or péezvel ectrd c BetEdtlron fet hothcor AP AIFISACL y- bEsed *§énsor
using a m crobg,Lance and, syitahle |igand,nd nytangential fdrew fid tration
(TFE) applications, the sensor is (ocated on the filter, preferably at the
nmenbr ane surf aeeeerrefo Pht dgridle WER tRe #H1aver TafutiRe COURIEC3ERE of t he

fl ow channel, Jhe, seisofeads:t hencapable of Jmasunivagrrtbetpgotehnpe
concentration at the nenbrane surface. Based on thjs readi nge, operating

conditions, sutis tgREMENtTShe SBFESSUre, ¢AAMHR adjUst edE6%as 6
mai ntai n the proteiratconceant r atinmeat ardiar theul @redtevebgndhics trypedof

control is particularl Il suit for tangential, flow filtration where a
concentration W&%Wgﬁ\g@fr e bggm 6ﬁa$%% oItmt hdéwft:hlefcerel?%or?gfnﬁﬁgf The
menbr ane per f orimdic eombot tratliux ladeshevhagserisordeher a aedcdpyl teduhal |

concentration of_ t % gg%)onsi ted protein. Thus, by varying transnenbrne
trati

pressure, the Tonce SH56F9 priot’érn” at the me-h-ane wal | can be kept

within a specifiedowtndowlyl nopersabicans t késensor 30neasur est hetsed  in
concentration, [ e ] thgfn ' ed, out side of jthe filt

housi ng by t hec%‘25%§¥n§%r$e?i%, e&%%%g r ece#sller 60 Fecei vtés tﬁ{ls
measur ed concefrsatri ¢ . vahie, ssiavg &leoavientd ondlickortr glrefespeenpt oyi ng

an al gori thm siich.asReopokthonal sl eqralreni vakbyeabBl), Okan po
eri

prcpertional - vative (PD)e an updated desired trananenbrane pressure can
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accomubdat ed 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



I'n one enbodinent, a plastic filter housing is utilized, allow ng the
wWreless transmtter to transmt pressure data through the housing at any
time. Wat. 111sui'114.14 the iQegtity of a filtQ11-.1.4.
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0g:t3g4:,..i" vé?@ééfeﬁ@bsbaﬁ? station 1is used. The reader can be

configured such that it queries the transmitter at regular
intervals. Alternatively, the reader can be manually
operated so that readings are made when requested by the
equipment operator. In another embodiment, the wireless
receiver 60 also includes a storage element. This reduces
the complexity required of the device within the housing.
In this embodiment, the wireless receiver queries the
wireless transmitter/concentration sensor at preferably
regular intervals. It receives from the wireless
transmitter the current concentration sensor measurement as
determined at that time. The wireless receiver 60 then
stores this value in its storage element. The capacity of
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
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internally, until such time as it is connected to the main
computing and/or storage device. In this case, a storage
element needs 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
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bubble point and the presence 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

10



caonp. i 4;i an Rl :To 13:31 .. Si A methoci of insniing the integrity of
a filtering element within a fidiicir housing, locating two concertration
sensors in connectionw dthat |east one transmtter, on the downstream side
of said filtering elenent; introducing two gases in a knewn ratio into said
filter housing; nonitoring the concentrafion or said two gasses at the
downstream side of said filtering el enment using said sensor; and comlufring

the ratio of: sahde MoaktoF 6dhLONCRDLLL HhONgHE 0 &, fy,edet et ned range to

det er m ne inte%rity of :said. filtering elenent,
o) 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.

11



9. The nethod of claim8, wterein said nonitoring step 15 perforned at
regular intervals, 10, The nmethod of claim8, wherein said transmtter
conprises a. wireless fransm |l :dier and said nethod further corai uhUres the
step of wirelessly fsiotpmtting saio nenifoored concentrations to a

|+ SC: CH: Vet o LOG; F3t.E7i.d .odt si de of - said housing, 1The method of clear:

9, ,,,,terein said seneor conprises a solid state gas sensor, 12. The
met hod of claim0. werein said sensor |le oreto: Uditi by a hydi ophobic
filter, 1. A method of insuring the integrity of a filtering element

within a filter housing,

locating a concentration sensor, in connection with a
transmitter, on the downstream side of side filtering
element;

introducing a tracer gas into said filter housing;

monitoring the concentration of said tracer gas at the
downstream side of said filtering element using said
sensor; and

comparing said concentration to a predetermined range to
determine integrity of said filtering element.

2. The method of claim 1, wherein said monitoring step is

performed at regular intervals.

3. The method of claim 1, wherein said transmitter comprises
a wireless transmitter and said method further comprises
the step of wirelessly transmitting said monitored
concentration to a receiver located outside of said

housing.

4. The method of claim 1, wherein said sensor comprises a

solid state gas sensor.

5 The method of claim 1, wherein said sensor is protected

by a hydrophobic filter.

6. The method of claim 1, wherein said transmitter utilizes

wireless communication.

T The method of claim 6, wherein said wireless transmitter

comprises an RFID tag.

12



The net hoO. of oral: d. wherein said tranenmiltter atilizee wrel ess

conmuni cati on_

10.

11.

12.

HiE)R

14.

A method of insuring the integrity of a filtering element
within a filter housing,

locating two concentration sensors, in connection with at
least one transmitter, on the downstream side of said
filtering element;

introducing two gases in a known ratio into said filter
housing;

monitoring the concentration of said two gasses at the
downstream side of said filtering element using said
sensor; and

comparing the ratio of said monitored concentrations to
a predetermined range to determine integrity of said

filtering element.

The method of claim 8, wherein said monitoring step is

performed at regular intervals.

The method of claim 8, wherein said transmitter comprises
a wireless transmitter and said method further comprises
the step of wirelessly transmitting said monitored
concentrations to a receiver located outside of said

housing.

The method of claim 8, wherein said sensor comprises a

solid state gas sensor.

The method of claim 8, wherein said sensor is protected

by a hydrophobic filter.

The method of claim 8, wherein said transmitter utilizes

wireless communication.

The method of claim 13, wherein said wireless transmitter

comprises an RFID tag.
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