CONVERTER FOR USE W TH SENSI NG DEVI CES Thi s
application clains priority of U S. Provisional Patent
Application No. 61/169,415, filed April 15, 2009, the
di scl osure of which is incorporated herein by
reference in its entirety. BACKGROUND OF THE

| NVENTI ON Many i ndustries, such as the pharnmaceutica

i ndustry, enploy sensing devices to nonitor the
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ot her paraneters. Because of this, devices have been
devel oped t 0 HAGGROUNDS OF JHE INVENTIONCs. There
exi sts a plethora of pH sensors, dissolved oxygen
sensors and tenperature sensors. However, while
sensing the characteristic is inportant, it is
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controller 1is typically wused to influence, affect or

control the particular event.

For example, in a bioreaction, it may be important to
monitor and control a number of characteristics of the
reaction, including but not limited to temperature, pH,
oxygen concentration, or other parameters. Because of this,
devices have been developed to sensor these
characteristics. There exists a plethora of pH sensors,

dissolved oxygen sensors and temperature sensors.

However, while sensing the characteristic is
important, it 1is equally important to be able to monitor
and track these characteristics over time. Additionally, it
is important to wuse these characteristics to determine
future actions. For example, Figure 1 shows a simple
example of a closed loop control system which can be used

with a bioreactor. In this figure, a temperature sensor 10



may be used to nonitor the tenperature of a particul ar
reaction occurring within a reaction chanber 20. Based
on the output of the tenperature sensor 10, a
controller 30, in comunication wth that sensor 10,
may vary the output of a heating elenment 40. In this
way, if the tenperature wthin the reaction chanber
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mayelq%?rer’i]tsef{), §|on Htlzoonnljucuonrct ?gﬁ \;e\% %egasgft%m?%e %coﬁg%%ﬁgular
reabggﬁnTdbddﬁﬂﬂﬁgtWEﬁthesereeidﬁbhonﬁaabernﬁDH Based on
Additionally, the sensor 10 nmay be in comruni catj.on
thelyqFRtther © dE0FCESTPESAEBRAMDFRSOF hd DoufpUto b1 Bl BT 30
in SENSAIidBY.RE WICOPRANI 6ahken Wol hme@ntizall efhe acutput
| oggi ng device and/or data storage device. The
of a;thehedndeviledcsinAs thethddt pat/  oflft W & peepPpEature
witPERSOfHOVEe MR THh SiSAPhiBE SIEPwi PRYN PE PELEQERBHeq
periodically, such as at fixed tine intervals. In
temgtelrert ugrb adingent Sshet e tsaigleim@ st iuse pard osameont 10
radi c intery or , bas . ext er.nal
andzecglnet g}e?tnl?%eeggﬁ%ntof“g’ dgr?agpgg%%fegl(ﬁie&va ug Software
corgampl adoips tei Apkyrst ohed, tlustaldondiittibnanaassoekat ed
timestanp, so that a graph of that characteristic
over a period of time can be generated. In the case
of aldae tGemanakl ershd heeMabde 10 smepnpeedirsocbhatinication
~corrective action can be performed. For exanple, as
wite st ieFe HABERRS - | FPE X ABREE of Che t SRty @ BBnEGRSOT

nayt 6o CORL T QIR 1MBY 1BR 11 (GONEBIY LALIQN W tho@yiAgabieRgce
el ement, such that if the tenperature reading is
andyelrowlag Jorasdetamrarideed aehr Edisolad tacchedcdariof| epmples the

out’tapgttgﬁc}ﬁleﬁthet hsepehcei%iicngse%!s%r}ergverSitqimlear Tﬁggi ggﬁpgﬁﬂgbgtep
may be performed periodically, such as at fixed time
intervals. In other embodiments, this sampling step is
performed at sporadic intervals, or based on other external

events.

In the case of a data logger, the value sampled 1is
simply stored, wusually with an associated timestamp, so
that a graph of that characteristic over a period of time
can be generated. In the case of the controller, the value
is sampled so that corrective action can be performed. For
example, as described above, in the case of a temperature
sensor, the controller may be 1in communication with a
heating element, such that if the temperature reading 1is
below a predetermined threshold, the controller actuates
the heating element. Similar actions can be taken in

response to pH or dissolved oxygen readings.



response to pH or dissol ved oxygen readi ngs. 2 One of

t he nost common di ssol ved oxygen sensor is known as a

pol ar ogr aphi ¢ sensor. A representative sensor is

shown in Figure 2. The sensor 100 includes a nenbrane

120 through which oxygen can pass. It also includes a

cathode 130 and an anode 160. In sone enbodi nents,

thehcathode 130 is nmade froma conductive mat eri al ,

such as platinum In sone enpodi the_anode 160 .
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control lers, including those made by Applikon, were
thdeshg#edl@@® interface directly to them In other

wor ds, these devices, provided a polarizing voltage

In operation, oxygen molecules diffuse through the
membrane 120. These molecules are reduced at the surface of
the cathode 130, such as according to the following

equation:
O, + 2H,O0 + 4e” => 4 OH

At the anode, an oxidation reaction 1s occurring, thereby
producing electrons. These electrons move toward the
cathode 130, thereby generating a current proportional to
the oxygen concentration. This current can then be measured

by a device, such as a controller or a logging device.

Because of the popularity of polarographic sensors,
many devices, such as controllers, including those made by
Applikon, were designed to interface directly to them. In
other words, these devices, provided a polarizing voltage
of 600-800 mV, and were designed to measure the resulting

current flow, which 1is in the range of 0-100 nA. These



of 600-800 nV, and were designed to neasure the
resulting current flow, which is in the range of

0- 100 nA. These 3 devices also were used to contro
operations, such as bioreactions, and have been used
for a significant anbunt of tine. Thus, there exists
a large installed base of these controllers and other
devi ces, configured to interoperate with
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compound capable to fluorescing, such as ruthenium, is
trapped within the hydrophobic material, effectively
shielded from the water. The light excites the ruthenium,
which then emits energy at a specific wavelength, such as

600 nm.

Oxygen 1is able to effectively quench the fluorescence
of ruthenium. Collision of an oxygen molecule with a
fluorophore in its excited state leads to a non-radiative
transfer of energy. Thus, the more collisions that occur,
the less fluorescence 1s created. The frequency of
collisions 1is directly related to the concentration of
oxygen molecules. Therefore, the measured fluorescence is a

direct measure of the concentration of oxygen molecules.

These Sensors are typically more accurate than
traditional polarographic sensors. Furthermore, since they

do not include any precious metals, such as platinum and



direct nmeasure of the concentration of oxygen
nol ecul es. These sensors are typically nore accurate
than traditional polarographic sensors. Furthernore,
since they do not include any precious netals, such
as platinumand 4 silver, they are typically nuch
| ess expensive. These qualities nake these newer
sensors the preferred choice in many applications.
~ For exanple, disposable systens are nore likely to
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20 mA. These outputs are completely incompatible with the
input characteristics of existing devices, such as Applikon
controllers. Therefore, the adoption of these new optical-

based sensors has been slowed.

Therefore, it would be beneficial if there were a
system and method whereby these new, inexpensive, accurate
oxygen sensors can be employed with existing devices, such
as data loggers and controllers. Furthermore, it would be
advantageous 1if these sensors were compatible with both
older legacy controllers, and newer devices, such that two
devices, such as a data logger and a controller, can be

used simultaneously.

SUMMARY OF THE INVENTION

The problems of the prior art are alleviated by the

system and method disclosed herein. An interface module is



devi ces, such as a data | ogger and a controller, can

be used sinultaneously. SUMVARY OF THE | NVENTI ON The

problens of the prior art are alleviated by the

system and net hod di scl osed herein. An interface

nodule is 5 used in conbination with a newer sensor,

such as a fluorescence oxygen sensor, and an ol der
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BRIEF DESCRIPTION OF DRAWINGS

Figure 1 illustrates a simple control system;

Figure 2 1is a representative cross section of a
polarographic oxygen sensor of the prior art;

Figure 3 is a schematic drawing of first embodiment;

Figure 4 is a schematic drawing of a second
embodiment;

Figure 5 is a schematic drawing of a third embodiment;

Figure 6 is a schematic drawing of a representative

circuit used in the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Pharmaceutical and biological processes often involve
the transformation of materials into a final product,
wherein the materials undergo various reactions. Often, it
is imperative to monitor these reactions, and control them,

using parameters such as temperature, pH, oxygen



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Phar maceuti ca
and bi ol ogi cal processes often involve the
transformation of materials into a final product,
wherein the materials undergo various reactions.

Oten, it 1is inperative to nonitor these reactions,

and control them using paraneters such as

tenperature, pH, oxygen 6 concentration, and others.

To do so, sensors are incorporated into the reaction
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represents a neasure of the characteristic that they

are sensing. For exanple, for a fluorescence oxygen
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invention.

Sensor 200 1is such a sensor, having an exemplary
output of 0 to 10V. This sensor 200 is to be connected to
device 210. BAs described above, older legacy devices have
certain expectations or specifications for the attached
sensor. In some embodiments, the device 210 provides a
polarization voltage of between 600 and 800 mV between its
two leads 211,212. The output of the sensor is expected as
a current between the two leads. In some embodiments, this

current is between 0 and 100 nA.

Due to the difference in specifications between the
sensor 200 and device 210, these two components cannot be
connected directly together. Therefore, an interface module
220 is placed between the two components. This interface

module 220 has an input port 222, adapted to receive



two | eads 211, 212. The output of the sensor is
expected as a current between the two |leads. In sone
enbodi ments, this current is between 0 and 100 nA
Due to the difference in specifications between the
sensor 200 and device 210, these two conponents cannot
be connected directly together. Therefore, an
interface nodule 220 is placed between the two
conmponents. This interface nodule 220 has an i nput
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of seieth tadr oi-Appl i kon. Thi s system enabl es a vari ety
of new configurations. In one enbodi nent, a
di sposabl e pharnaceutical system can be used. Such a
Systiem s temnchicken diisposableest ®dr agen bags, usedctWiom a
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include disposable storage bags, reaction bags and
filtering devices. To reduce total product cost, it is
advantageous to use fluorescence oxygen sensors, as these
are less expensive than traditional polarographic sensors.
However, disposable systems, much like traditional systems,
need to be monitored and controlled. The inability of an
existing legacy controller to operate with a fluorescence
sensor thwarts the adoption of this configuration. However,
the disclosed system, and specifically the inclusion of the
interface module 220, enables such a disposable

configuration.

In another embodiment, a traditional bioreactor can be
fitted with fluorescence oxygen sensors. These sensors
require less maintenance, less calibration and are more
accurate than polarographic sensors. Therefore, they may be

more desirable in reactions requiring precision control.



exi sting legacy controller to operate with a

fluorescence sensor thwarts the adoption of this

configuration. However, the disclosed system and

specifically the inclusion of the interface nodule

220, enables such a disposable configuration. In

anot her enbodi nent, a traditional bioreactor can be

fitted with fluorescence oxygen sensors. These sensors

require | ess maintenance, less calibration and are
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second specification. In other words, it can

|nterface directly to the sensor 200. In this
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circuitry required to convert these signals from the first
specification to the second specification for the first
device 210. This modified output 1is available on port 242.
The interface module 240 alsoc includes a second output port
243 to which the second device 230 can attach. This second
output port 243 simply passes the signals received at input
port 241 from the sensor 200 to the second device 230. In
some embodiments, the interface module may buffer this
signal to reduce noise or load. One exemplary configuration
may include a data logger functioning as the second device
230. This data logger may be able to accept a signal having
an output between 0 and 10 V. In such a scenario, it is
attached to the second port 243 on the interface module

221.

In other embodiments, this second device 230 is also a
legacy device, and can only receive signals conforming to

the first specification. In this embodiment, the interface



out put port 243 sinply passes the signals received at

i nput port 241 fromthe sensor 200 to the second

device 230. In sone enbodinents, the interface nodul e

may buffer this signal to reduce noise or |oad. One

exenpl ary configuration nmay include a data | ogger

functioning as the second device 230. This data
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0SB0 A il () 6P SHERiT-ROrEe” Thertet gnaor 242
nore output ports' 26la,b conformto the first

specification, and one or nore output .ports 262 a,b
conf%?n1atot?h%jse%mﬁﬁgﬁﬂﬁﬂﬁffiégPW%n.lﬁig&ﬁ@”fesh§Ws the

int¥WPrl88agydule 260 has a plurality of output ports, where
one or more output ports 26la,b conform to the first
specification, and one or more output ports 262 a,b conform
to the second specification. Figure 4 shows two legacy
controllers 210a,b and two other devices that conform to
the second specification 270a,b. However, the number of
each type of device is not limited, and all configurations

of devices are within the scope of the invention.

Figure 6 shows a schematic of a representative circuit
used to convert signals from a first specification to a
second specification. In this embodiment, signals received
by the interface module are in the range of 0-10 V, and the
outputs must be between 0-100 nA (with a 600-800 mV

polarizing voltage).

Referring to the upper portion of the Figure, the
power  supplies for the circuit are created, using

traditional components and circuitry. The power for the
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controllers 210a,b and two ot her devices that conform
to the second specification 270a,b. However, the
nunber of each type of device is not limted, and all
configurations of devices are wthin the scope of the
invention. Figure 6 shows a schematic of a
representative circuit wused to convert signals froma
first specification to a second specification. In
this enbodi ment, signals received by the interface
intgodalce arduila the pangeppfiedleivhenndythebabigpute00 or
must. be between 0-.100 (wihth 600- 80 :

@ BRTai Tz PR bol ey HEPer s thE uBBerohoeti 67 o
poueie b, it heerpowredsupplngest fauti tilmadi rreelittodsr,e such
created, usin traditional c onents and circuitry.

25 FHEGEWE T or Tt FETC1 6L ORFALE nodal 6°Rane bBOSTB T T REFS
is eit hervbyr aydadtere 600 &f raqher@d e povelcisuppkyefapio,
shown) . The selection of the power source is | ,

a parfesrne@ idPhg Tt PAdi Frgn&e MEER0dS, CSB¥RT tasPFuiper™ing

vo18Qke I, some.gabodigent s rrkhe JiyAte RAWRIGeSHUILeis | §sed
at a voltage greater than required. In such a

to scemar¢ othea ppoletraged kegul APorsoBe2 slPhE@uded td Linear
reqcu;}{]avt%rrt é@ Iigc erlzg tgmgt%gaecet 0,4 st%W%rh l@tYl.egLut Togltage

terimvoltage 603 Is use to create the power
607 .ai Irs.sdme sofwdempodisnert swiadhingaregnégtbat 606604 nsed

used to create a snooth_out put I 5 1
Lo efb5aAF et sC& SWE chAPAg lrJVe aa‘%/egr%@gg ioggﬁgedye%gor% of

cr&dede andegalk¥eatrdl lvonidage 607F. tBehefntet hogs mbdule
creating the necessary voltages for the i nter,fa&e

arquotllle KI@Me @BPI 2kRoWhTARD B SFINF PR (s CIFE6F T fie
di scl osure. A connector 610 is used to connect the

out put of the ‘
A connector 610 1is used to connect the output of the

sensor to the interface module. In some embodiments, the
output of the sensor is a voltage, in the range from 0-10
volts. In such an embodiment, a resistor divider 611 may
used to reduce the voltage such that it is less than the
voltage rail 605. In some embodiments, an op amp 612 is
used to buffer the incoming signal so as to minimize the
current load thereon. In other embodiments, the output of
the sensor may be a current in the range from 4-20 mA,
although other ranges are also possible and within the
scope of the invention. In such an embodiment, a registor,
or resistor divider network, may be used to convert this

current output to a voltage.

In certain embodiments, a programmable microprocessor,
having an analog to digital (A/D) converter, and a pulse
width modulated (PWM) output is used. In other embodiments,

other forms of D/A conversion can be employed. The
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sensor to the interface nodule. In some enbodi nents,

the output of the sensor is a voltage, in the range

fromO0-10 volts. In such an enbodi nent, a resistor

di vider 611 may used to reduce the voltage such that

it is less than the voltage rail 605. In sone

enbodi nents, an op anp 612 is used to buffer the

incomng signal so as to mninmze the current |oad

thereon. In other enbodi nents, the output of the
nicsepsorcesgp rbeay curscertavien ¢ hetewage ¢ ramnt 200mAstoring

al t hough ot her_ ranges are.al so _possi.bl nd.within_the
COd&or‘;@% % e isr?v%r‘?'t%irgn.%ol R s ¢ e%élﬁegﬁbgalgngﬁ?,&gglmcgssor
mayl €S1§b0rhave®r REESI sttorctli vhderbaetrwatkrtany te usedet oas

convert this current output to a voltage. Ln certain
BB G TEEE 295 - g AR EBPESICR bpF BREeth , FLRAGT Ny ahRe
purdalg Hp i Hifal( AD cONVERA&FseND il s8teWhdl ha/p

nodul ated (PWY) output is used. In other enbodinents,
cororedeIf or sl of HYNCHRGELSI onMé&HCBECEPPTOYed. OThe 11he
midPd &9&%&%&%50%1%ayc%h%@r@@vetﬁigtOBQQ?O@'eU@DEa&Qr to a

storing code, tables or software to be executed. The
digiiterloprotessor remyessethavve RAM Wi chreamiped analog

rewitten to.serve. as rar t or
o LN nBRTC SHEwS | i Ficé)uﬁgggfat%é%ebu‘??gﬁoegﬁ%%sﬁﬁor then
detsigiales613 isuicomiect edtpott he litAer. nalh i Ddecemménterion

of programmabl e m croprocessor 6}15. The : .
caryj PeopPBEedsdtt 688 convert S hi AR dFFRI thge 88 INY
didfhitit alvanaldie, i epiresenfattive ofcot hgeheeest¥edtanal egtput

voltage. Once this is conpleted, the m_croprocessor
vokteere . deteh migngee tgroshi + ableesut pithevol tiggePuipps voltage

hasdetaerl i r{@gf OBy Q%IQ?/ bﬁﬁ?@a@”r@@a@i&%ﬂfﬁmtow&@ input
uses the 1 ncom ng )

voltage. In other scenarios, it may be advantageous to use

a translation table to determine the appropriate output

voltage. In other words, the incoming digital value is used

to index a table, which provides the suggested output

voltage.

Alternatively, in lieu of a microprocessor, especially
in scenarios where the desired output voltage is
proportional or linearly related to the input voltage, a
circuit comprising passive and active components, such as

resistors, capacitors, and opamps, can be employed.

Returning to Figure 6, the output voltage produced by
the microprocessor may be a PWM signal. In such a case, it
may be necessary to convert this signal back to an analog
value. In some embodiments, a low pass filter 617 may be
used to convert a PWM signal to an analog voltage 618. An

opamp 619 is then used to buffer this analog voltage 0618.
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digital value in an equation to generate the output
vol tage. Such a nmethod is useful when the out put
voltage has a linear or nearly linear relationship to
the input voltage. In other scenarios, it may be
advant ageous to use a translation table to determ ne
the appropriate output voltage. In other words, the
incomng digital value is used to index a table,
whi ch provides the suggested output voltage.
In Abtlesmadived ynentrs,| i ofilaropcropyooessoy , ieshetd ak | P/A
I n scenarios  whe the desired out put voltage is
COT TG ia&‘?lafleFcﬁﬁe%W%mf e1'at Bt ]tcggt‘ﬁaeluleﬁpgt vol t age,
a circuit conprising passive and active conponents,
such as resistors, capacitors, and opanps, can be
enploy8sCRER®F nPR§VE0 FiTyuFeUS, %WR?iimﬁ&Eﬁ'vdﬂF%gQutput
spdd oduced Hy iLheToer optocesser gayove saoPW signaks zing
In such a case, it my be necessary to convert this
vokiagral Bhekeforan amal oginalal géaden bmthentolli #et smust
coﬁ%éf%N %%Ssagghggr $g£% , b%hi%%edigo fﬁﬁ@gggiJ% D@M the
signal to an anal og voltage 618. An opanp 619 iIs then
desseet t oubuéfier tihits amakogreokt age 6h8. prbPelrn oidms. In

enbodi nents, t m croprocessaor .nay .include a D/ A.
th%%n@%??i?“%ﬁﬂ ggF%é?Fﬁ%gﬁtﬁﬁtC%ﬂx%népgé $§|H§?SK§lng the
voOeses | hebabows; i St rsare , erbadihnedtls, beheeautput 0 mV (no

specification is 0-100 nA, with a 600-800 mv
CUBRRRY) Zidlf VOISt ade@l I TP bR bt B11F heV TR stdge 69P FRE™Y

(mEk IEHh t WSt nteONdnAn capal o0y} t ag&rewhi Cihd Svoltage
Indicative of the 'desired current, into a current in
acthes propertararfgel, 1amd ehise sdivedi memiderhé3surpents gsed

tod%ggﬁggn%gemeﬁﬁgﬁgﬂ0¥%tﬁg%essary) before it feeds into

the negative input of opamp 630. In some embodiments, a
circuit having a gain greater than one is used to amplify
the voltage measured across resistor 634 such that the
entire voltage range of the opamp 630 can be exploited.
Such an embodiment may also increase the precision of the

output.

The positive input of opamp 630 1is fed by resistor
divider 620. The output of opamp 630 is used to drive the
gate of a FET transistor 631. This FET 631 has a variable
resistance across 1ts other two terminals, where that
resistance is determined by the voltage applied to the gate
of FET 631. The greater the voltage applied to the FET, the
lower the resistance across 1its other two terminals. Thus,
if the desired voltage, as applied to the positive terminal
of opamp 630 is greater than the measured voltage, as
applied to the negative terminal of opamp 630, the output

of opamp 630 will increase, thereby lowering the resistance
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vol tage across resistor 634, which wll be between O

nv (no current) and the full polarizing voltage of

600-800nV (maxi num current) QOpanp 632 sinply buffers

the voltage across resistor 634, and a resistor

di vider 633 may be used to reduce the voltage (if

necessary) before it feeds into the negative input of

opanp 630. In sone enbodinents, a circuit having a

gain greater than one is used to anplify the voltage
of mEaswdad &y ossduesicst Ore 68ds stitdndchadctdmses Tt 4L, the

vol ta range of the oppa 0 .can be exploited. Such
Cur&ﬁ“@nggBanﬁfoH%§ ﬁfibg?agrég%éjFﬁgaﬁFECision of the

out put. The positive input of opanp 630 is fed by

resistor divider 620. The output of opa 630 i s used

toAériﬁ@QQﬁﬁt%%lea%?V%'FE?tbﬁénsF@Fﬁﬁl@gE?SThﬁ§eFEﬁdso

pod3bihas a;vaiabhg reséstangacross i hetothepci@e  a
termnals, where fhat resistance is determ ned by the

niorotragesappkied to the gate of FET 631. The greater
the voltage applied to the FET, the |ower the
resi stance across its other two termnals. Thus, if
t heudeskeradreol baper asrapplioesd ©6 the postwiveof Figure

termnal .of op 630 is.greater than the neasur
6 ﬁﬁﬁtaﬁg?shgieapgﬁgﬁd(?%mFH%’neégti%%pté?%FWQI %#rgganﬁre
deH3Qd,t henorst pvbthof copeigm 680 wiHd sacseasepethétebyion,
| owering the resistance 13 of FET 631. B reducing
conppmengsi stAice3 Across PET 681 1CPREY it r BREAFF oW Second

outtdHtough £ esitst 0L n634ui NEr e8es. A RHedes! eds ahone, first
ot her embodi ments are al so possible, including ones
spadidticdd inot lisnclemfered, mereoprteessorfigured as a buffer

may be added near the input 610. Furthermore, if an output
conforming to a third specification is desired, the
applicable parts of the circuit shown in Figure 6 can be
duplicated. In certaiﬂ embodiments, 1t may be necessary to
replicate the microprocessor 615. However, the code
executed by the microprocessor, or the 1lookup tables

contained within may be modified.

While the above description illustrates a
pharmaceutical system, the invention is not so limited.
Other systems, such as those reactions using enzymes,
nutriceuticals and pure chemical systems, can also utilize

the present invention.

The terms and expressions which have been employed
herein are wused as terms of description and not of
limitation, and there is no intention in the use of such
terms and expressions of excluding any equivalents of the

features shown and described (or portions thereof). It is
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Furthernore, other variations of the circuit of Figure
6 are possible. For exanple, if two output ports are
desired, where both conformto the second
speci fication, conponents 630-634 can be replicated
to create a second output port. If an output port
conformng to the first specification is desired, an
opanp, configured as a buffer may be added near the
i nput 610. Furthernore, if an output conformng to a
algdi necegedizbicathan ivwmesisr edodi hecabpphs cadiee passsble
.of. the circuit sho in Figure ca dupl j.cat ed.
Wl(h%%xﬂ%%ﬁn %ﬁ%ﬁﬁiﬁ%ntggm?tqﬁﬁvﬂgé ngggggérég¥%%§CQQ1ons’
vareplicat,e t hendi cr epreceasore615. aHewevealsthe gpodeible.
executed by the m craqgprocessor, or the kooku t abl es
ACEOT Nl Vi 7P ARAP B8 GATFTBE. CRhT Fe Phd dbGbe oxample
onBES&d pid opd linwshratessal iphaidmceut i cal system the
invention is not so limted. Oher systenms, such as
those reactions using enzynes, nutriceuticals and
pure chem cal systens, can also utilize the present
invention. The terns and expressions whi ch have been
enpl oyed herein are used as terns of description and
not of limtation, and there is no intention in the
use of such terns and expressions of excluding any
equi valents of the features shown and described (or
portions thereof) It is 14 also recognized that
various nodifications are possible wthin the scope
of the claims. O her nodifications, variations, and
alternatives are al so possible. Accordingly, the
foregoing description is by way of exanple
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only and is not intended as Iimting. 15 What is
clained is: 1. A system having one or nore sensors for
nmeasuring one or nore paraneters, conprising: a. a
sensor adapted to neasure a characteristic of a
reaction, and transmt information about said
characteristic in conformance with a first
specification; b. a device adapted to receive
information corresponding to a characteristic of said
redgeitods shpE¢Hformation in conformance with a
second specification; and c. an interface nodule, in
communi cation with said sensor and said device,
whér.ePn ssaiten rteerifrge eonerogl @orec e e tisnf e raledpuring

fromsaid sensor aé&aﬁg{‘é%,”%%ﬁ;f’!stﬁi n said first
speC|Plcat|on Vi an i nput’ port, converts said
i nf or mati. on demsaiadiapeecnd ospeeisireati chaaadteristic of

transmts information i 1:confor.q:anc% mﬁtg.saidbsecond
speci fi catd gt A0 'S&id “FVi & Ve ta PSP 5aPPut®C Por e td
2. The sysiremfcesliaitmcl, iwherenfosabtdcsengdoth a first
conprises a dissolved oxygen sensor. 3. The system of
claim2, wWRG¥iTSai'@ <ensor conprises a fluorescence

oxygen $ensor gedicdhe sysiem of tel aifasiwher ghRosah€ion

first specification conprises a voltage output in the
corresponding to a characteristic of said
reaction; said information in conformance with
a second specification; and

c. an interface module, in communication with said

sensor and said device, wherein said interface
module receives information from said sensor in
conformance within said first specification via
an input port, converts said information to
said second specification and transmits
information in conformance with said second
specification to said device via a first output
port.

2. The system of claim 1, wherein said sensor
comprises a dissolved oxygen sensor.

3. The system of <claim 2, wherein said sensor
comprises a fluorescence oxygen sensor.

4., The system of claim 2, wherein said first
specification comprises a voltage output 1in the
range of 0 to 10 volts.

5. The system of claim 2, wherein said first
specification comprises a current output in the

range of 4 to 20 milliamps.
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range of O to 10 volts. 5. The system of claim 2,
wherein said first specification conprises a current
output in the range of 4 to 20 mllianps. 16 6. The
systemof claim1l, wherein said device conprises a
controller. 7. The systemof claim1, wherein said
device conprises a data |ogger. 8. The system of
claim6, wherein said second specification conprises

t ha | , ZI | t f 600
W%be&%@en ‘%ﬁvtluen Ie%%po Zit‘ilﬁirzngngu\r/?ewag%dt%put th ?h ice

range cefnp@ itses 400oAfrofledhe system of claim1,
wherein said interface nodule further conprises a
sedondl6ut pts st t , Of whEleiR sdird i'HEriace Tt edevice

tr anspighs, ikQr gag;agg 1bfgepnformance to said first
specification on said second output port. 10. The

sys$t.efibef ciestam, oher elaiBai ¢ i ntvdrfrede npdud e second
fu”h%%)e%qm L$68n2 S& L QUE put porty  yherein Sa d a

i nterface no uIe transmits 1nformation 1n ‘confornma
to salp(dﬂ&&ucm@gsp&dm‘ag@at@fm 660 s d80&eadndoutgrt sald

odui ¢ P hel Sonpri e S SUEBRY Uk U pBrRct. ot B to

wher eitnosaizd i nterface nodule transmts information

Inff°ﬂ£ggngg%ee%.tgkrdcfgfﬁlfiFaRh%géa% S%E?dseg%tgrface
module further comprises a second output port,
wherein said interface module transmits information
in conformance to said first specification on said
second output port.

10. The system of claim 1, wherein said interface
module further comprises a second output port,
wherein said interface module transmits information
in conformance to said second specification on said
second output port.

11.The system of c¢laim 1, wherein said interface
module further comprises a second output port,
wherein said interface module transmits information
in conformance a third specification on said second
output port.

12.A method of utilizing a legacy controller with an
oxygen sensor to control a reaction, comprising:

a. locating said oxygen sensor 1in a reaction
chamber;

b. attaching the output of said oxygen sensor to
an interface module;

c. using said oxygen sensor to monitor said

reaction;
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out put port. 12. A nethod of utilizing a | egacy
controller with an oxygen sensor to control a

reaction, conprising: a. locating said oxygen sensor

in a reaction chanber; b. attaching the output of

sai d oxygen sensor to an interface nodule; c. using
sai d oxygen sensor to nonitor said reaction; 17 d.
providing a circuit on said interface nodule, adapted
to receive signals conformng to a férst ¢ q
speci fi CatP o e ithed 8§r§3?g Sy g s&iERF FaghgmetuLes
out put si gh@dstadnfer nibegeti0ca ssgaond specidhintaly ono  a
defined by said | egacy . controller; e. attaching t he
output of Safif i ntFFiddatd@i e I4id 85 dPlegafyd Oxvgen

control l erge@d f. il | batpgrsakdghggacy-&onimalder tho a
control said reaction. 13.The nethod of claim1
wher ei n sasecend stsrespddchitéani odcEéonpdi svs Faiol t ageacy

out put in éﬁg% Jenge of 0 to 10 volts. 14.The nethod
of claim 12, Wwherein said first speci fication

conpri ses attcachiorg ok potitpatt e sangeiofedfgoe2@odule
mllianps. 15.TQ§ net hod of c%§|n1lzan§here|n said

oxygen sen50r 2 tdnpiisds R orEEéente oxygen sensor.

f.utilizing said 1legacy controller to control
said reaction.

13.The method of claim 12, wherein said first
specification comprises a voltage output in the
range of 0 to 10 volts.

14.The method of claim 12, wherein said first
specification comprises a current output in the
range of 4 to 20 milliamps.

15.The method of claim 12, wherein said oxygen sensor
comprises a fluorescence oxygen sensor.

16.The method of c¢laim 12, wherein said second
specification comprises two leads, having a
polarizing voltage of 600 to 800 mV between said
leads, and a current output in the range of 0 to
100 nA.

17.The method of claim 12, wherein said interface
module further comprises a second output port, said
method further <comprises using said interface
module to transmit information in conformance to
said first specification on said second output
port.

18. The method of c¢laim 12, wherein said interface
module further comprises a second output port, said

method further comprising using said interface
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16. The nethod of claim 12, wherein said second
specification conprises two | eads, having a

pol ari zi ng voltage of 600 to 800 nV between said

| eads, and a current output in the range of 0 to 100
nA. 17. The nmethod of claim 12, wherein said interface
nmodul e further conprises a second output port, said

met hod further conprises using said interface nndule

to tran |nfornat|on in nf ormance.to s
speciPngk?o ‘bnt§§PSm§ECOHH£%Eﬂﬂﬁhpn poPt C° Or%ﬁgce to
net hodaof céatomd2,spharraidatsaind bnt esdiace semdddl eoutput
further conprises a second output port, said nethod
furt hBPTEonprising using said interface 18 nmodule to
transeht | pLoRgRtion N GaNf 95 MaNEe £oin S%Iaqueggegrface
specification on said second output port. .

met hododfilel dimther m@pépﬁegaﬁldsm@@sﬁf%épu*ﬁmmlr@ said
fUrtNGL GOAPT 1389 ,3,SeCand, OUL Yt BOthy SBhtly MBLDOHcace
further conprisi ng using ter nodul e

t r ansnpbtiuilaf ot oat tomsmi tconhdomaac éoa .mhlm@nformance a

Speci ft'l’1C(1€:ltdI ggegngQE‘j 1ggcgr'r1]dsaolu<§ psuetc n%r tout%%t port.
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