
FILTER WITH MEMORY, COMMUNICATION _AND CONCENTRATION SENSOR BACKGROUND OF
THE INVENTION Theuseof wirelesscommuni cation.hasbecome  prevalent,
especially in the management of assets, particularly those appiicatiens
associated with inventory management. For example, the use of REID tags
permits the monitoring of the production line and the movement of assets or
components through the supply chain.        To further illustrate this
concept, a manufacturing entity may adhere RFID tags to components as they
enter the production facility. These components are then inserted into the
production flow, forming sub-assemblies in combination with other
components, and finally resulting in a finished product, The use of RFID
tags allows the personnel within the manufacturing entity to track the
movement of the specific component throughout: the manufacturing process.
It also allows the entity to be able to identify the specific components
that comprise any particular assembly or finished product.        In
addition, the use of RFID tags has also been advocated within the drug and
pharmaceutical industries. In February 2001, the United States Federal and
Drug Administration issued a report advocating the use of RFID tags to
label and monitor drugs. This is an attempt: to provide pedigree and to
limit the infiltration of counterfeit prescription drugs into the market
and to consumers.       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 labels" in conjunction with filtering apparatus and replaceable
filter assemblies. Specifically, the patent discloses a. fiiter having an
electronic label that has a read/write memory and an associated filtering
apparatus that has readout means responsive to tne label, The electronic
label is adapted to count and store the actual operating hours of the
replaceable filter. The filtering apparatus is adapted to allow use or
refusal of the filter, based on this real-time number. The patent also
discloses that the electronic label can be used to store identification
information about the replaceable filter.       A patent application by
Baker et al, published in 2005 as U.S. Patent Application Publication. Mo.
U52005/0205658, discloses a process equipment tracking system. This syst--
includes the use of RFID tags in conjunction with process equipment, The
REID tag is described as capable of storing "at least one trackabIe event",
These trackable events are enumerated as cleaning dates, and batch process
dates, The publication also discloses an REID reader that is connectable to
a PC or an Internet, where a process equipment database emists. This
database contains multiple trackable events and can supply information
useful In determlhing "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 Jornitn et
al and published in 2004 as U.S, Patent Application Publication No,
2004/0256328, discloses a device and method for monitoring the integrity of
ti p-ing installations,This  



publication describes the use of filters containing an onboard memory chip
communications device, in conjunction with a filter housing. The filter
housing acts as a monitoring and integrity tester. That application also
discloses a. set of steps to be used tb insure the integrity of the
filtering elements used in multi-round housin.qe, These steps include
querying the memory element to verify the type of filter that is being
used, its limit -",ta, and its production release data         Despite the
improvements that. have occurred through the use of RflE) tags, there are
additional areas that 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 REID tags offer
one embodiment of the present invention, solutions utilising 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 of measuring the concentration of a particular substance, and a
communications device are coupled so as to be able to measure and transmit
the concentr ation 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  transmitter components, in co crwanication
with one another. In yet another embodiment, a storage element can be added
to the system, thereby allowing the device to store a set of concentration
values, In yet another embodiment, the transmitter components operate
wirelessly.       The use of this device He beneficial to many
applications. For example, a newly developed 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 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 housing 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
Finure 1 is a representative embodiment of the present inventlen. 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 he more complex; for example, comprising a frame, such as ot. plastic,
and a porous material_ Located in close proximity  of, and preferably
affixed to, the filter element 10 is a concentration sensor 30. This sensor
30 is capable of generating an output, which varies as a function of the
surrounding concentration of a particular substance. This output can be in
the form of an analog voltage or current, or can be a digital value or
pulse, in the piefeireci embodiment, the output varies linearly with the
concentration, however this is not a requirement. Any output having a known
relationship, such as logarithmic or exponential, to the surrounding
concentration, can be employed. In such a situation, a transformation of
the output can be performed to determine the actual measured concentration.



The concentration sensor 30 is preferably mounted on the downstream side of
the filter element 10, In applications where the concentration of interest
is homogeneous, the location of sensor 30 is not critical, and can be
anywhere on the downstream side of the filter element, such as, hut not
limited to, the inner surface of the filter element or in the common
outlet. In those appi kaitions 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 115C, therefore a sensor
capable of withstanding this temperature should be employed. Similarly, the
temperature with the nousing 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 particular compound known to interact with
the desired gas. In one embodiment of a hydrogen sensor, a MOS diode is
used, where the metal alloy layer comprises a PdAg alloy, the oxide in Si02
and the semiconductor is silicon. Hydrogen affects the junction between the
metal and oxide layers, thereby changing the characteristics of the diode.
This j ion variation can then be translated into a concentration Level. In.
another embodiment, a metal oxide semiconductor thick film device where the
oxide is SnO2 is utilized. The presence of oxidizing. gases near the sensor
changes the resistance characteristics of the device, thereby allowing the
concentration of the gas to be determined_ Yilternatively, other sensors
utilize infrared (flk) dispersion to detect particular substances. In these
sensors, a beam of IR is transudtted toward a receiver. The particular
substance of interest, such as a gas, absorbs some of the IR radiation as
it. passes from the transmitter to the receiver. The amount of absorption
is related to the concentration of the substance. TR and UV light can also
be need, typically in conjunction with a fiber optic cable, to measure
solute concentration through the use of refraction. Another type of sensor
is an affinity-based sensor based on an optical, electrical or
piezoelectric detection methodology, One such aft .nity-based sensor
utilizes a microbalance on which a suitable ligand is placed. The
substance. in question is attached to and adheres to the llgand, This
results in a small increase in 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 sons of the types of
sensors that can be used; this is not intended  to he an exhaustive list.
of all such snitable concontration sensors,        A transmitter 40 is also
located near, or integrated with the sensor 30, In the preferred
embodiment, the transmitter 40 and the concentration sensor 30 are
encapsulated in a single integrated component, Alternatively, the
transmitter 40 and the sensor 30 can be separated., and in communication
with each other, such as via electrical. signals. Various types of
communication devices are possible, In one embodiment, wireless
comaauhirration is used, and the use of an RIFID tag is preferred_ An
active REID tag allows regular communication with the reader,
Alternatively, a. passive REID tag can be used, whereby the energy to
transmit and sense the temperature is obtained from the electromagnetic
fie.id transmitted by the RFID reader. In another embodiment, wired
communication between the sensor and a control module outside the .h.ousirg
is used.       Optional :1-h a storage element 50 can. be used in
coniunotioo with the trsnsmitter 40 and the concentration sensor 30. This
storage element 50, which is preferably a randum access memory. (SAM) or
'PLASH EPROM device, can be used to store a set of concentration readings,
such as rry 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 outsiee the filter housing 20, is used to communicate
with the transmitter. In the prefer red embodiment, an RILE  reader or base
station is 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 comrsexity required of the device within
the housing. In this embodiment, the w nE0 a e e 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 erample, consider a filter element having a
wireless transmitter 0, such as an PFID tag, coupled with a concentration
sensor 30. In this embodiment, the RFID tag I5 passive, that a.s, 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 as coupled to a computing device, such as a
computer, then stores these values, optionally wrth an associated
timestamp, such as in a Log file. In a different. scenario, if the wireless
receiver is separated from the computer, the receiver will need to store a
number of concentration measurements  



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 Lpplication Publication 2004/0256323 describes the use of an
antenna to relay information between transponders located on the falter
housing to a monitoring and test unit erternal 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 is not intended as a
recitation of all such applications.        In one embodiment, the present
inveni flP 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 equipment. In
one eflbodiment, 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, is
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 falter. The corcentra:i tracer gas indicates the filter's integrity,
and thus, pass/fail criteria can be established for each filter type. This
test will give a more sensitive indication of the  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 faow Parvovirns fmT)
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
liquid, and the selected gasses have different permeability in that liquid.
The gasses used can be of various compositions, inolnbing noble gasses,
perfinoriflated 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 use of one or more concentration sensors permits the
monitoring of this downstream ratio.        A.second application of the
present invenLion 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 ultraviolet 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 microbe Lance and suitable ligand, In
tangential flow filtration (TFE) applications, the sensor is located on the
filter, preferably at the membrane surface s' ilo integral with the filter
at the  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 transmemhrshe 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, both flux and sieving, is
determined by the wall concentration of the deposited protein. Thus, by
varying transmembrne pressure, the concentration of protein at the me-h-ane
wall can be kept within a specified window,
Inoperation,thesensor30measuresthe  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 (BID) or prcpertional-derivative (PD)e an
updated desired tranamembrane 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 he 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.  1"A method of maintaining a protein concentration ai the membrane
surface of a tangential flow filtering elemant 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 sair:1 sensor comprises an optical fiber through which an
T.P. or UV measurement is made; monitoring the concentration of said
protein using said sensor; 



comparing said concentration to a. predetermined range; and adjusting the
trahsmembrhne pressure in response tp said comparison. The methbd of claim
1, further comprising the step of transmitting said monitored.
necarntration to a to located outside of said housing, 3. The method of
claim 1, wherein. said transmitter utilizes wdxeiess communitation, 4. The
method of claim 3, wherein said wireless transmitter comprises an PITO tag.
?The method of claim I, wherein said adjustment is calculated 



using a PIP loop. A method vf ma;fltairing h protein concentration. at the
membrane surface of a tangential flow filtering elemeht within a filter
horphrra., comprising: locating a coneentratitn sen-fh-, in communication
with a trei-dimiHdier" to rnb membrane surface of said iaraehlial flow
filtering elament, wherein said. sensor comprises an eff.imHty based
sensor, based. on an optical, electrical or  rcke.t40:1 nOntton4 the
:O.Ohaelatt-OtJals :at ,4:4:&d :ariuc 'ad sensor;san44.nt:saei.oa. to a
nxodetetrain,a0 ralaga;.. and 
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