WO 2005/ 124331 PCT/ EP2005/ 006618 SYSTEM AND METHOD FOR QUALI TY ASSURANCE OF
A BI OSENSOR TEST STRIP 5 REFERENCE TO RELATED APPLI CATI ONS Thi s application
clainms the benefit of U S. Provisional Application No. 60/581,002, filed
June 18, 2004. This application is also related to Application No.

10/ 871, 937, WO eosd2433ine 18, 2004, 1o and which is incor poratredsiesses n by
reference in its entirety. TECHNI CAL FI ELD OF THE | NVENTI ON The present
invention relates to an apparatus for use in neasuring signals such as those
related 15 to concentrations of an anal yte (such as bl ood glucose) in a
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analyte concentration signals. The invention relates more particularly to a system and method

for quality assurance of a biosensor test strip.

20 BACKGROUND OF THE INVENTION

Measuring the concentration of substances in biological fluids is an important tool for the
diagnosis and treatment of many medical conditions. For example, the measurement of
glucose in body fluids, such as blood, is crucial to the effective treatment of diabetes.
25
Diabetic therapy typically involves two types of insulin treatment: basal, and meal-time.
Basal insulin refers to continuous, e.g. time-released insulin, often taken before bed. Meal-
time insulin treatment provides additional doses of faster acting insulin to regulate fluctuations
in blood glucose caused by a variety of factors, including the metabolization of sugars and
30 carbohydrates. Proper regulation of blood glucose fluctuations requires accurate measurement
of the concentration of glucose in the blood. Failure to do so can produce extreme
complications, including blindness and loss of circulation in the extremities, which can

ultimately deprive the diabetic of use of his or her fingers, hands, feet, etc.
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met hods and el ectrochem cal nethods. Optical nethods generally i nvol ve
spectroscopy to observe the spectrumshift in the fluid caused by
concentration of the analyte, typically in 5 conjunction with a reagent that
produces a known col or when conbined with the analyte. Electrochem cal
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the reacti Otheter can measure the reaction between the analyte and the reagent in order to determine and

display the concentration of the analyte to the user.
20
FIG. 1 schematically illustrates a typical prior art disposable biosensor test strip, indicated
generally at 10 (see, for example, U.S. Patent Nos. 4,999,582 and 5,438,271, assigned to the
same assignee as the present application, aud incorporated herein by reference). The test strip
10 is formed on a nonconductive substrate 12, onto which are formed conductive areas 14,16.
25 A chemical reagent 18 is applied over the conductive areas 14,16 at one end of the test strip
10. The reagent 18 will react with the analyte of interest in the biological sample in a way that
can be detected when a voltage potential is applied between the measurement electrodes 14a
and 16a.

30 The tost strip 10 therefore has a reaction zone 20 containing the measurement clectrodes
14a,16a that comes into direct contact with a sample that contains an analyte for which the
concentration in the sample is to be determined. In an amperometric or coulometric

electrochemical measurement system, the measurement electrodes 14a, 16a in the reaction
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2 WD 2005/ 124331 PCT/ EP2005/ 006618 zone 20 are coupled to electronic
circuitry (typically in a test neter (not shown) into which the test strip
10 is inserted, as is well known in the art) that supplies an electrical
potential to the neasurenent el ectrodes and neasures the response of the
el ectrochemvoahosaensor to this potential (e.g. current,pdfeeRpeRis char ge,
etc.). This response is proportional to the analyte 5 concentration. The
test meter contacts the test strip 10 at contact pads 14b, 16b in a contact
zone 22 of the test strip 10. Contact zone 22 is |ocated sonewhat renotely

from measur 0 |l . not.. al 0 ite. of
the test ot AD 2fe RRER s sEHRe ey by Tn R%EmeRt (RPHERRERIL St fhae
14b, 16b i ntdsherip ohisiaterzd e i2 Rell kndvireinrtksgreahat seppiiessn eleceed] porehtiat to tdes

1l4a, 16a in the reaction zone 20. Especially for_ .hiosensors 1Q in ich. the
el ectrodes, mcef“%‘éeé%engﬁ Y IB?&E‘%%#? TS gggheo%ec céfc',‘fl’rcgcsﬂ"f(\ﬁeﬂo i
conductive fpbieftid (d. feufrb@] impbahB Céhargd 0d. e THE sPonse a4 ProPortitial taribd aghlltéer
paste, as 5 non-limting exanples), the resistivity of the conductive
traces 1ldc, PORCCRYMPN.connect the contact zone 22 to the reaction zone 20 can
anount to several hundred Chns or nore. This parasitic resistance causes a
potential drop along the length of the traces 14c, 16c¢, such that the
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of fset varies fromtest strip to test strip, then noise is added to the
measurenent result. Furthernore, physical danage to the test 25 strip 10,
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increases in the trace resistance can prevent the test neter from perform ng
an accur at e consapt zorg®22 to the reaction zone 20 can amount to several hundred Ohms or more. This

parasitic resistance causes a potential drop along the length of the traces 14c, 16c, such that the
potential presented to the measurement electrodes 14a,16a in the reaction zone 20 is
considerably less than the potential applied by the test meter to the contact pads 14b, 16b of

20  the test strip 10 in the contact zone 22. Because the impedance of the reaction taking place
within the reaction zone 20 can be within an order of magnitude of the parasitic resistance of
the traces 14c,16c, the signal being measured can have a significant offset due to the I-R
(current x resistance) drop induced hy the traces. If this offset varies from test strip to test
strip, then noise is added to the measurement result. Furthermore, physical damage to the test

25 strip 10, such as abrasion, cracks, scratches, chemical degradation, etc. can occur during
manufacturing, shipping, storage and/or user mishandling. These defects can damage the
conductive areas 14,16 to the point that they present an extremely high resistance or even an
open circuit. Such increases in the trace resistance can prevent the test meter from performing
an accurate test.

30
Thus, a system and method are needed that will allow for confirmation of the integrity of test

strip traces, for measurement of the parasitic resistance of test strip traces, and for controlling
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Thus, a system and nethod are needed that wll allow for confirmation of the
integrity of test strip traces, for neasurenent of the parasitic resistance
of test strip traces, and for controlling 3 WD 2005/124331

PCT/ EP2005/ 006618 the potential level actually applied to the test strip
measur enentweh@stit@gies in the reaction zone. The presemcTiEPe@Biobdais | S
directed toward neeting these needs. SUMVARY OF THE I NVENTION 5 The present
invention provides a test strip for neasuring a signal of interest in a
biological fluid when the test strip is mted to an appropriate test neter,
wherein the test strip, and the test nmeter include structures to verify the
integrity offePRiEnalds egi‘cﬁaﬂyﬁp%gi?ﬂ?ée P eHEY ercgrg??silﬁ CIRCHA Zie of
the test st TheplesaAtRSentdfth difccel WWAEmsATpASSHdeds i N the voltage applied to
the test 1o strip to account for parasitic resistive |osses in the test
strip traces. BRI EF DESCRI PTI ON OF THE DRAW NGS The invention wll be
further desgunpgdryPprwayt pivexaron e only, with reference to the 15
acconpanying drawngs, in which: FIG 1 is schematic plan view of a typical
prior art test strip for use in neasuring the concentration of an anal yte
of interest | I i i : I & i .
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or esent P v EHPIFFCoU: o5 PagsHie restsrlgigy Mo SER T ot | on apparatus of Fl G
5 showing a second mask. FIG 7 is a view of an abl ation apparatus suitable
for use with the present invention. FIG: 8 is a schematic plan view of a
second enboBRIEHPESGRIPIION OF JHEDRAWINGS t he present invention. 30 FIG 9
is a schematic diagram of a second enbodi nment electronic test circuit for

use with the
The invention will be further described, by way of example only, with reference to the
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15 accompanying drawings, in which:

FIG. 1 is schematic plan view of a typical prior art {est sirip for use in measuring the
concentration of an analyte of interest in a biological fluid.
FIG. 2 is a schematic plan view of a first embodiment test strip according to the present
20  invention.
FIG. 3 is a schematic diagram of a first embodiment electronic test circuit for use with the first
cmbodiment test strip of FIG. 2.
FIG. 4 is an exploded assembly view of a second typical test strip for use in measuring the
concentration of an analyte of interest in a biological fluid.
25 FIG. 5 illustrates a view of an ablation apparatus suitable for use with the present invention.
FIG. 6 is a view of the laser ablation apparatus of FIG. 5 showing a second mask.
FIG. 7 is a view of an ablation apparatus suitable for use with the present invention.
FIG. 8 is a schematic plan view of a second embodiment test strip according to the present
invention.
30 FIG. 9 is a schematic diagram of a second embodiment electronic test circuit for use with the
second embodiment test strip of FIG. 8.
FIG. 10 is a schematic diagram of a third embodiment electronic test circuit for use with the

second embodiment test strip of FIG. 8.



second enbodi nent test strip of FIG 8. FIG 10 is a schematic diagramof a
third enbodi mnent electronic test circuit for use wth the second enbodi nent
test strip of FIG 8. 4 WD 2005/124331 PCT/ EP2005/ 006618 DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS For the purposes of pronoting an
under st andiwgQ 2afs/124381 pri nci pl es of the invention, referaurEprswidshs now be

made to the enbodinent illustrated in the draw ngs, and specific | anguage

will be wused to describe that enbodinent. It will neverthel ess be

understood that no limtation of the scope of the invention is intended.

Al terations and nodifications in the illustrated device, and further

appl i cations of the prlnC|pIes of the invention as illustrated therein, as
] DES 39 H IMIENES t he i nventi on

relates are contenplated are deS|red to be 10 protected. In particular,
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obvi ous to tuhua&s dedetibe &t eribddiv@erflr Tt willmedrthblessHe dnders®ys tiabma ihitatidnsfdhof
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conductive ¢ i nstance by ng 'or ~vapor

way of non- kembodimags énsamﬁdé)erelﬂhemmﬂxﬂmqbvmmmetmse rkjilled ax:ths arand cont act pads
therefor are then patterned in the conductive |ayer by a | aser ablation
process. The | aser ablation process is 25 performed by neans of an exci ner

| aser whisCh ADASSHShd $ysRHOIMd ancidUTBeQesar MvieRtidTBEA: behided with 8dst fapdiRknggauses
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in greater detail  hereinbel ow.
schematically in FIG. 2, and 1nd1cated generally at 200. Portions of test strip 200 which are
substantially identical to those of test strip 10 are marked with like reference designators.
20  Referring to FIG. 2, the test strip 200 comprises a bottom substrate 12 formed from an opaque
piece of 350 um thick polyester (such as Melinex 329 available from DuPont) coated on its
top surface with a 50 nm conductive gold layer (for instance by sputtering or vapor deposition,
by way of non-limiting example). Electrodes, connecting traces and contact pads therefor are
then patterned in the conductive layer by a laser ablation process. The laser ablation process is
25  performed by means of an excimer laser which passes through a chrome-on-quartz mask. The
mask pattern causes parts of the laser field to be reflected while allowing other parts of the
field to pass through, creating a pattern on the gold which is evaporated where contacted by
the laser light. The laser ablation process is described in greater detail hereinbelow. For
example, working 214a, counter 216a, and counter sense 224a electrodes may be formed as
30  shown and coupled to respective measurement contact pads 214b, 216b and 224b by means of
respective traces 214c, 216¢ and 224c. These contact pads 214b, 216b and 224b provide a
conductive area upon the test strip 200 to be contacted by a connector contact of the test meter

(not shown) once the test strip 200 is inserted into the test meter, as is well known in the art.
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exanpl e, working 214a, counter 216a, and counter sense 224a el ectrodes may
be formed as 30 shown and coupled to respective neasurenent contact pads
214b, 216b and 224b by neans of respective traces 214c, 216c¢ and 224c.
These contact pads 214b, 216b and 224b provide a conductive area upon the
test strip WO0Qoosaz24381 cont acted by a connector contact ofpcrim20@stesnet er

(not shown) once the test strip 200 is inserted into the test neter, as is
well known in the art. 5 WD 2005/124331 PCT/ EP2005/ 006618 FIGs. 2 and 3
illustrate an enbodi nent of the present invention that inproves upon the
prior art test strip designs by allow ng for conpensation of parasitic |I-R
drop in the counter electrode |[ine of the test strip. It wll be
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test strip Ho022¢Alane the testtmetel dasudespraped nheseiphelewy; o yompenspls igh Ratasitigy| d
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to those sk|I1ed in the art mntﬁ reference to the present disclosure.
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voltage potential is applied to the counter el ectrode contact pad 216D,
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wor ki ng el ectrode 214a that is proportional to the anmount of anal yte
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embodiment electrode compensation circuit (indicated generally at 300) hou;ed within the test
20 meter. As indicated, the circuit couples to contact pads 214b, 216b and 224b when the test
strip 200 is inserted into the test meter. As will be appreciated by those skilled in the art, a
voltage potential is applied to the counter electrode contact pad 216b, which will produce a
current between the counter electrode 216a and the working electrode 214a that is proportional
to the amount of analyte present in the biological sample applied to the reagent 18. The
25 current from working electrode 214a is transmitted to working electrode contact pad 214b by
means of working electrode trace 214c and provided to a current-to-voltage amplifier 310.
The analog output voltage of amplifier 310 is converted to a digital signal by analog-to-digital
converter (A/D) 312. This digital signal is then processed by microprocessor 314 according to
a previously stored program in order to determine the concentration of analyte within the
30  biological sample applied to the test strip 200. This concentration is displayed to the user by

means of an appropriate output device 316, such as a liquid crystal display (LCD) screen.
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means of working el ectrode trace 214c and provided to a current-to-voltage
anplifier 310. The anal og output voltage of anplifier 310 is converted to a
digital signal by analog-to-digital converter (A/D) 312. This digital

signal is then processed by m croprocessor 314 according to a previously
stored progwvamisn2assder to determ ne the concentrati on dcran@bisiosssyd t hi n t he
30 biological sanple applied to the test strip 200. This concentration is

di spl ayed to the user by neans of an appropriate output device 316, such as
aliquid crystal display (LCD) screen. 6 WD 2005/124331 PCT/ EP2005/ 006618
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i ne 224. Sempkfigulsl adust dtsl qutpud (svithineitt physak limitamf qraratisn)t imfilrtbsiveltagace i n

counter sense |ine 224 w|l. t. cau ot entJ al p t.he l. e
copear A apeRREad hattin Rl SRHER.Br SRARAAE ol @Poadiie B ARINRES |
the same asThé debundvbiptingé aperationudt @nplifiens20eiseat igd empedimce Whpwth thesefore t ur n
substantially the sane as the .voltage appearing.at counter el ectrode 216a
et ot hei PilstapG SHhyuam oG b FoHrte) seeh haatd o e SRS PO SSEFEHRVES or o
acts to variny p@aiid teaBRnAOICHunRl saizplling D24 avifl iRt clsBaepoteltRl tifepgend gRnt act
pad 216b until the actual_ voltage potenti al appearin% at the _counter

el ectrode 21@/tegp aBPeariRgRthectecenddnr i of Apsstiond pawlifieri0s aybsiagtially fas sams ashe
vol tage ;pot gt iheL MTRARBESnBY efehifodd 220k LA REASEAYN subdtntidNahakAROA the
anplifier 320 thefefore automatically conpensates for any potential drop
caused by t Meltage pppsatingat cewitertelpgiseds 31 6a Hee to dhsirtcdose physical pupainpifya depepatignal and

the potential;: r t [ i
potential . %h@eglo%gl a%}?fgﬁe %‘%tp?qt ﬁ%yghiﬁlgl@gg%éﬁgg%taﬁéﬁ‘?doko f}{r?h‘%ﬁgl%gieg oéife cal
sanpl e froncdrteet pad 2 btuntil thelactead voitagehpetential lappegring at the counter electrode 216a (as

fed back over counter sense line 224) is equal to the voltage potential commanded by the

20  microprocessor 314. Operational amplifier 320 therefore automatically compensates for any
potential drop caused by the parasitic resistance in the counter electrode trace 216c, and the
potential appearing at the counter electrode 216a is the desired potential. The calculation of
the analyte concentration in the biological sample from the current produced by the working
electrode is therefore made more accurate, since the voltage that produced the current is

25  indeed the same voltage commanded by the microprocessor 314. Without the compensation
for parasitic resistance voltage drops provided by the circuit 300, the microprocessor 314
would analyze the resulting current under the mistaken presumption that the commanded

voltage was actually applied to the counter electrode 216a.

30 Many methods are available for preparing test strips having multiple clectrodes, such as
carbon ink printing, silver paste silk-screening, scribing metalized plastic, electroplating,
chemical plating, and photo-chemical etching, by way of non-limiting example. One preferred

method of preparing a test strip having additional electrode sense lines as described herein is
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el ectrode is therefore nade nore accurate, since the voltage that produced
the current is 25 indeed the sane voltage conmanded by the m croprocessor
314. Wthout the conpensation for parasitic resistance voltage drops

provi ded by the circuit 300, the m croprocessor 314 would analyze the

resul ting cwonesiizaseder the m staken presunption that theGemamegds Vol tage
was actually applied to the counter electrode 216a. 30 Many nethods are
avai l abl e for preparing test strips having nultiple electrodes, such as

car bon ink printing, silver paste siIk-screening, scribing nmetalized

pl asti c, IopLa e tin d pho t

way of non- EY r% l{%l; %!axa abﬁaﬁo {gnlﬁﬁ%le @W@’gés 023}%%058 °¥ <3§)ér]§parcfdng(izhagrlé st r| p
havi ng addi élbﬁﬂ:&lles éduembsfeﬁdﬂ mertlea:nlbech&s Uaﬁedié&tbrsiﬂa&dt Applcation Serizl M¥nber
2005/ 124331 2005/ 00661 8 the se of r abl ation . techni

Exanpl es of Ogggé &JSDO 1030085 Witk Pﬁe&u‘% atqp ;lf:tleé?H ﬁ?snﬁ'ﬂ ef einhuE ]ngerPay

bi osensors @hﬁuﬁesmeubzeﬁylzs U001, eghdStraUnged Rttt PARR| Aiichiioh Saﬁalathbmber
09/ 866, 030, "Bi osensors W th Laser Abl atign El ectrodes with

Cover | ays CHYAhLY40. eptitled ‘Waser Jisfineh Baturgs, fpriFattesned Lamigpigs aad %&%ﬂ
Appl i cati onogebéah, Nyt ekt diddodhies, ﬂ oﬁﬂaalﬂeke%d vLagaincbef imss E&atdﬂrﬁs for

Patterned Lam nates and El ectrode," ed OCct ober 4, 1999, both discl osures
i ncor por at egarieanusgiul ireprepasing dest ttéBSefFW@HdlnﬁttQ the mresentiayention begansp alloms i n

preparing tgshushe! BasGoR %r errg?&l? s ﬁ f@%tﬁr%esﬂies tB“b%“Jcl:ﬁQte@F&%&{&ﬁcuhrEd g lows

conductive areas having ex y’ sha eature sizes to be accurately
manuf act ur ed:peatalzle mwpmat@@r@bMWn provides 8 ereanbfoa taiding phreoaxitrdesensa limesinEthkor

addlngt e extr he,. 1o ent ent ntoatest strip
wi t hout ' ncP&EE H}j’e’? hoé‘téfigétssgfp Y’@é"“% glgfeag ?‘5512? ?ﬂ}{e & able in the
present invention to provide for the accurate placenent of the electrical
conponent s ]F?gl gtl ve t.o _one anat her, and to t#r overal |

preferred e pirahle in theypreseRy) igyenijon ) prewde fr thi ac@%dﬂ[é‘i%fs@gﬁs%{%% ﬁf%t%ad at

| east in pasdmpda¥nts Reatii&Qo Bhe MobRflatd BltRe dwerdlPli6densth! M h@fbfér?h’dtenh&dmﬁﬁhf or med
through a mask or other device that has a precise pattern for

el ectrical Befpaienplacement of compenEtnisaghigyed, plolsast it parhpydhe yeg %'@!ﬁf‘d Beldes,

whi ch i g, f uragé?%lansa %P?s%ir@ﬁ)édhﬁroﬁé}% ras P bESBECRSick Pat thskea gféefa& F}E’t?e%? fRf the
edges. Figure 4 illustrates a sinple biosensor 401 usef ul ustrating

the | aser atheglectisalnoopessitsofThisadowhaccpratespositioning efadjasant endmst whichds farther
substrate 48‘31[3.9&\%5}%&(85@8&&&%% gog %g{.ﬁﬁégs ?threr%{l r| al 403 defining
ys el'ectro e se

el ectrode s risin 304 and a second
el ectrode set

Figure 4 illustrates a simple biosensor 401 useful for illustrating the laser ablation process of
20  the present invention, including a substrate 402 having formed thereon conductive material
403 defining electrode systems comprising a first electrode set 404 and a second electrode set
405, and corresponding traces 406, 407 and contact pads 408, 409, respectively. Note that the
biosensor 401 is used herein for purposes of illustrating the laser ablation process, and that it is
not shown as incorporating the sense lines of the present invention. The conductive material
25 403 may contain pure metals or alloys, or other materials, which are metallic conductors.
Preferably, the conductive material is absorptive at the wavelength of the laser used to form
the electrodes and of a thickness amenable to rapid and precise processing. Non-limiting
examples include aluminum, carbon, copper, chromium, gold, indium tin oxide (ITO),
palladium, platinum, silver, tin oxide/gold, titanium, mixtures thereof, and alloys or metallic
i compounds of these elements. Preferably, the conductive material includes noble metals or
alloys or their oxides. Most preferably, the conductive material includes gold, palladium,
aluminum, titanium, platinum, ITO and chromium. The conductive material ranges in

thickness from about 10 nm to 80 nm, more preferably, 30 nm to 70 nm, and most preferably
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405, and correspondi ng traces 406, 407 and contact pads 408, 409,
respectively. Note that the biosensor 401 is used herein for purposes of
illustrating the |aser ablation process, and that it is not shown as
incorporating the sense lines of the present invention. The conductive

mat eri al 25va@®smesg3cont ai n pure netals or alloys, or otpravepmis@idsdd S, Whi ch
are netallic conductors. Preferably, the conductive material is absorptive
at the wavel ength of the |aser used to form the electrodes and of a

t hi ckness anenable to rapid and precise processing Non-limting exanples

i nclude alu carbon p hronru i.ndi umiin_ oxi ),

pal | adi um %]’ 5#‘ n&rﬂs PPF \(}Iélfe(a tgfet 51?1 ‘F{s th% (ioflgualﬁ?nm ”)?l anendSt ﬁ%ﬁ(’negllg and
al | oys or matmsnissivel plopeniod the cisatedibl é:nﬂfbﬂiér ﬁbemetaﬁng iorusé ef thdbigsentdre
conductive material includes noble netals or alloys or their oxides. Mst
preferably, the conductive material includes gold, palladium alumnum

titani um piwatileHefillusttited nelis GPprodatehathe réamiay (phﬂtét@edr@h@lidtlaé maRfgecnibe
t hi ckness from ab out 10 nmto 80 nm. nore efer %é 30 nmto 70 rim and
B1

most prefer &PAtSA oraplgies ihsddbiand mepttayerso eenduetive material may be
appr eci at ed ch bt il itshh&lkd?)‘?a%&i Wih 4 B‘é‘erq{i’tﬁ%%tlécﬁgdé"ﬁattt@fnl SdbsetRRRRL thelddppert he

transm ssive property of the material and other factors relating to use of
t he bi osens&tay bapplpied pwith p|titapium/Aneten Jayer, gndphanea igaldeldyarhtet formethe dgsiredi ng

patterned copgugil Ve g %ﬁl&' & mgr@ of AnERAVE thaldhi Pisfﬁs@‘cg Wi iR the ‘BEE%'

metal |ayers. For exanple eeconductive materi a copper, which is
t hen abl at edORM Althalghamegenemllw racpselrﬁctusqndmtpiam exﬂmcesadbssetquﬁrthet yonduttere

copper with a titani umt l.a er | ayer,
to form h geslrgfr {e‘d aseecta? (l)sdesltl %&Prwnf ?rtg Bl A E% U a elruarg’nla g‘thjcglt Pve
material is cluemd;m whekelhorltit@sunon It frefebred embdﬂﬁﬂentﬂlbﬁdmwghMﬂOhasgm@ialab@r of

necessary, it ggxssr bll e to eﬁ ance adhesion of the conductive 1o materi al
to the baseg‘)lg’spai11 R PlEeF iR  t he art, Dby using seed or ancillary |ayers

such as chrom um nickel or titanium In pref erred enbodi ments, bi osensor
401 has a single |ayer .of gol d, palladium platinumor_ |TO Biosensor 401
i s illustraBiosensgr finisrilesaiedy rrer%mt%usalgﬂa anpaetisespl 0, 16, shayuifFigyes

Figures ;51555 ’ﬁrfgschtlvreE's Resh ﬁf@dléfed th&t dnﬁas@@tﬂéﬁﬁéea&egglbte@ Qﬁe éﬂ%hﬁﬁﬁes 410,

ot herwi se descri béd, "t he apparat uses 0" operate in a simlar manner.
Referring f At%mpcmteﬂngamlasmabm@sﬁefsmmgmmtq Elgmgrﬁublas;qnmrél@l wmamléaeambbba

roll of rib in
(L1 1) RSB35 B B3l A e NS B
appar at us 4iiffo & ousporh $ie broad [fialddaser ablation apparatus 410. The apparatus 410 comprises a laser
source 411 producing a beam of laser light 412, a chromium-plated quartz mask 414, and
20  optics 416. It is appreciated that while the illustrated optics 416 is a single lens, optics 416 is

preferably a variety of lenses that cooperate to make the light 412 in a pre-determined shape.

A non-limiting example of a suitable ablation apparatus 410 (Figures 5-6) is a customized
MicrolineLaser 200-4 laser system commercially available from LPKF Laser Electronic
25  GmbH, of Garbsen, Germany, which incorporates an LPX-400, LPX-300 or LPX-200 laser
system commercially available from Lambda Physik AG, Gottingen, Germany and a
chromium-plated quartz mask commercially available from International Phototool Company,

Colorado Springs, Co.

30 For the Microlinel.aser 200-4 laser system (Figures 5-6), the laser source 411 is a LPX-200
KrF-UV-laser. It is appreciated, however, that higher wavelength UV lasers can be used in
accordance with this disclosure. The laser source 411 works at 248nm, with a pulse energy of

600mJ, and a pulse repeat frequency of 50 Hz. The intensity of the laser beam 412 can be
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source 411 producing a beam of laser light 412, a chromumplated quartz
mask 414, and 20 optics 416. It is appreciated that while the illustrated
optics 416 is a single lens, optics 416 is preferably a variety of |enses
that cooperate to nmake the light 412 in a pre-determ ned shape. A

non-1im ti nyOoeReRId1 of a suitabl e ablati on apparat us 4Lec1(Fr0s500&1H9-6) 1S a
custom zed M crolineLaser 200-4 | aser systemcomercially available from
LPKF Laser Electronic 25 GrbH, of Garbsen, Germany, which incorporates an
LPX- 400, LPX-300 or LPX-200 | aser system commerci ally avail abl e from Lanbda

Commor ci al | PSS A R R = TG BTG (oEspaymuhe

ISlor ings, Co. beﬁ? i)ﬂﬁlle ifsllﬁél\)?nﬁzifgg)dOIGﬁQ%a%é\!/ﬁ lm?(DlQe ﬂ)ulka&@étlcﬁmg rmh(el’faygutrcﬁﬁhénﬁék t he
aser source IS a - r -l aser apprecl ate owever
that hi gher WWAJehYRS8ReYHY Brisried é’éirimtf@“ﬁ@eeéfmi“’ﬁ‘ts § FXPapdss gmogepigers and

di scl osure. fithe 1én§8(a5t 3 eTﬁéJpemfrﬂfaac@tof&ﬁgm&no\geﬁ&brahda%e%ﬁ @RS ehed Oby
600mJ, and a pul se repeat requency of 50 Hz. The intensity of the |aser

beam 412 Scarnggauing tharsnergysproblesthe imegingpptivst1§onaaferthe |SFW‘EUHP% ef the mapldi4d
bet ween 3% % f@%m%‘% 4’9200' 'rﬁé ﬁﬁ&gﬁdgﬁr)atl?c?ﬁgz ﬁt]ot aeifb'vlﬁ& fb& (204 10T ved [diEhe Gﬂ@m

profile is 2 pul se uratl on 25ns. The |ayout
on the mask had hutitg kbﬂprtbgmu@hsatyﬂ:etwetbc eldatbyl mmtoﬁthne@apheélcmgms nigslapn
expander, nogeni, z S [ he
homogeni zer th i s énﬁc{ &Nﬁigerar% m{a gok zq altfs&g&atéﬁlcg%t épprema e %a ?EEW] rﬁﬁnlli%i of

i magi ng opt |att&natﬂv€ rhticaresé @bsstbﬂmnsaccmrdinae aﬁthamstdmldmldeﬁéhdmgaqbn tmmdaesrred:)bon
420. The i ratio is 0 Iowalar ea to ved one
nand, b+ ABEiarteso, 5yt Meksa SHEahr bS5 AR wbebgh {oq
chrom um masdgotiegrhéids @tﬂeabm&anﬂsucwgglb@ an imaging of 2:1 is i I I ust rated, it
is appreciated that the any nunber of alternative ratios are possible in

accordance with this disclosure depending upon the desired to design

requirement gpe E&%Jﬂ@bmhé@ﬁsmweﬁo%eﬁm BYbAr 420\arfidBset neddy ¥ camplrder

of layout segfhents to be ablated in succession. The positioning of the mask

414, rmverreﬁ@nt@ﬂled h&s shtypoi Bigoe Sathd I&QS@mdiérlgerdwfm@ﬁ aibbore 4k tediel ed.
b 15 apl araaRl Eight 4 {2 B A0Rlou I B LAkl oPLAIARRL B b Ol L BB
t he mas k 41 4netitd framgbe tlhla)nn@OalChfanumntcbaEedarbﬁsdm 4P the n@lsk 44 bloels dlat lagkr hghtas
424 of the w d4 ;:)I'r{clvetl)at gﬁlkts ion methcl)sgsa?e[as res t1ng in a metallized structure on the ribbon 420

surface. Referring now to Figure 6, a complete structure of electrical components may require

additional ablation steps through a second mask 414°. It is appreciated that depending upon

20  the optics and the size of the electrical component to be ablated, that only a single ablation
step or greater than two ablation steps may be necessary in accordance with this disclosure.

Further, it is appreciated that instead of multiple masks, that multiple fields may be formed on

the same mask in accordance with this disclosure.

25  Specifically, a second non-limiting example of a suitable ablation apparatus 410° (Figure 7) is
a customized laser system commercially available from LPKF Laser Electronic GmbH, of
Garbsen, Germany, which incorporates a Lambda STEEL (Stable energy eximer laser) laser
system commercially available from Lambda Physik AG, Gottingen, Germany and a
chromium-plated quartz mask commercially available from International Phototool Company,

30  Colorado Springs, Co. The laser system features up to 1000 mJ pulse energy at a wavelength
of 308 nm. Further, the laser system has a frequency of 100 Hz. The apparatus 410’ may be
formed to produce biosensors with two passes as shown in Figures 5 and 6, but preferably its

optics permit the formation of a 10x40 mm pattern in a 25 ns single pass.
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412 and prevent ablation in those areas, resulting in a netallized structure
on the ribbon 420 surface. Referring nowto Figure 6, a conplete structure
of electrical conponents nay require additional ablation steps through a
second mask 414'. It is appreciated that dependi ng upon 20 the optics and
the size ofwoh@setdasitri cal conponent to be abl ated, thatrcarargooa/ogisisgl e

abl ation step or greater than two ablation steps may be necessary in
accordance with this disclosure. Further, it is appreciated that instead of
mul ti ple masks, that nultiple fields may be formed on the same nmask in
accordance with this disclosure. 25 Specifically, a second non-limting
exanpl e of a suitable ablation apparatus 410' (Figure 7) is a custom zed

| aser syst ertWhilsmetwishinglty bebauriddb laspéoifemthedPiAt isdsbeverithag thedaser pudseni beah

Gar bsen, GCer which i por at Laghda, STEEL ( f, Lher
| aser) IaseﬂTygé% %ﬁ%%%ﬁﬁggg%a ?%‘ggﬁ?ﬁab e ﬂ?%ﬁ??ﬁ%b gﬁgk§§$€§A2¥n%¥hge
Gotti ngen, Gaifitardy2 andharibiedir 4201 UThepphdtodsl of) tier teamnEigkhave anenapy khfficiantatol abl e
from I nternational Photat ool any.,, 30 Col o ado .Spr.i ngs, ._The | aser
Syst em f Sat GPEE HIBOr G T0uePm H7 NP CBb TIPS et BSrbicl R At T; meigipalfine
Further, thentéfer I6Ysbaidvibthatthid pgltetienial bdRD bidakind Reuseppanadedsprésklre may
be forned to produce bigsensors with two passes as shown in Fi gurgqs 5 and

6, but pref diaspsWithia theghsprplonegipniand frrcesgpaieral Gretak filg 46N odqarget femn i n
a 25 as i Nglediiss bals2e2085kd AARILpELTHERRAQ HDABEHE0- WhhdrfdsddPidsvirghi N
to be bound to a specific theory, it is believed that the [aser pulse or
beam 412 t linieragimnswih tthe auajérial lnecuragkrys tapidly pad | theymat damagehdvedged off thei n

l ess th 1 : f . J : : he
boam 413 nagareie i 33 RE Guinyll shitfks R MARARY: TISRANAL 026 B i)
rapi d br eakielegtriodl components| havo high edge quabityrant akbdyoasé plasemenit as eorfiangeated by ihe
bel i eved t hat tQis Ia id chem cal bond breaking causes a sudden pressure

i ncrease wi PR HENS sorption region and forces material (nmetal film 403)
to be ejected from the pol yner base surface. Since typical pulse durations

are around -25 nanpseconds, the jnteraction with t mat eri al occurs very

api dl v and PO AP B dHE 0 T s abige el HOm JBA RO RSB RE URGS Ui

sur r oundi Ng niateridCerth ShidhShéHbbdN 426 6 folkhs, s@esibi bifie BREL IR to thBBase@hAgal i cal

conmponent s have high edge quality and accurate placenent as contenpl ated by
fithe mlq(} %bﬁﬁes

the presentheithigkss o drftle, antbpossibly the eepcess usedhipvlagsy the filrgroa
fromthe ri Qﬂ%af}%g s%f)ﬁorgﬁé)ﬁﬂd&%ﬁ}& déBQé?ti&nh?luence levels for gold on KALADEX® range

from about 50 to about 90 mJ/em®, on polyimide about 100 to about 120 mJ/cm® and on
MELINEX® about 60 to about 120 mJ/cm?. It is understood that fluence levels less than or

20  greater than the above mentioned can be appropriate for other base materials in accordance

with the disclosure.

Patterning of areas of the ribbon 420 is achieved by using the masks 414, 414°. Each mask
414, 414’ illustratively includes a mask field 422 containing a precise two-dimensional
25  illustration of a pre-determined portion of the electrode component patterns to be formed.
Figure 5 illustrates the mask field 422 including contact pads and a portion of traces. As
shown in Figure 6, the second mask 414’ contains a second corresponding portion of the traces
and the electrode patterns containing fingers. As previously described, it is appreciated that
depending upon the size of the area to be ablated, the mask 414 can contain a complete
30  illustration of the electrode patterns (Figure 7), or portions of patterns different from those
illustrated in Figures 5 and 6 in accordance with this disclosure. Preferably, it is contemplated
that in one aspect of the present invention, the entire pattern of the electrical components on

the test strip are laser ablated at one time, i.e., the broad field encompasses the entire size of
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is material fromwhich the ribbon 420 is fornmed, adhesion of the netal film
to the base material, the thickness of the netal film and possibly the
process used to place the filmon the base nmaterial, i.e. supporting and
vapor deposition. Fluence |levels for gold on KALADEX(r) range from about 50
to about 90voddismB331on pol yi m de about 100 to about 120 pad/meeddso@ats on

MELI NEX(r) about 60 to about 120 mJ/cnR. It is understood that fluence

| evel s | ess than or 20 greater than the above nentioned can be appropriate
for other base materials in accordance wth the disclosure. Patterning of

areas of theq ri i L . J e mask
414, 414" i ?Tel}éss?rgg i(véﬁ’;? 7?-n§f@%§‘¥e%%“%éﬁ‘??¥grﬁg%ﬁﬁ ?@E’{%ﬁﬁf‘%é’]@%ﬂ“@??‘s

t wo- di nensi emat bio®mser draiddneat¢cessively. a pre- det ermi ned portion of the

el ectrode conponent patterns to be fornmed. Figure 5 illustrates the mask

field 422 including contact pads and a portion of traces. As shown in
Figure 6, t Néikenshdlamslk bd Dikcussaitieadafiar, & is egpoevibtabthatewiheasn dhdivgted otterwise,of

the traces ,and the el.ectrode ttern ont ai ni f.inger.s. As previously
toscr i g, HE Gt ul b S e “ThO B R SiRertn A e SraPhEABE R e
abl at ed, t h@astefld 417 poddtedByithd Ehréme€ HlPbl6Ekethd Brojdctibs bf @it ilaer tehmtd1e to the

el ectrode patttarllr:{]s (Elrgure 7), ,o({? porti,og}sﬁ{ of patterns diff?rent frfmthose
i |1 ust r at ed PPPIFHSur €SARrEAiPT §indpad B ity i ceastifien! $44 dloay e l'asypegm 412 to
Preferably, phd thrSughQié SEEN £l4860d td Pdfact! fledeRBEnMEPRChs &fthd ABHORMUSS AL shdWEIRL | ON,
the entire pattern of the electrical conponents on the test strlg are | aser

abl at ed at &igare . ke clpararea 418eof hegnepkficld 42 2coeresnondsiodhe preasoftthe mbhpnA20of
11 WO 2005/ LERA0OR/ 00661 B0 b6 rip (Figure 7). In the
alter na??ve?ﬁgéﬁg&g{;&gl F@stratrgag ?‘nﬁ?g}lgurﬁee?é@ogeﬁd 6, portions of the entire
bi osensor are done successively. Wile mask 414 wll be discussed hereafter,
it is appregiated, th i ndLcat ed ot herw 5.t di,ScUsSI i | |
appl y 16 nabReihin Ao dl 128 et leill BN Gnr S Ean F I L BEA IR0 8.
mask fiel d &G22nphcoiragingdattyyoftXdieoftthe DPXE-200,it is aprediated ehapthe jlengthi 30rof die think

| aser beam 412 to the. ribb 420, Cl ear areas or w ndows, 4 i p.the nmask
rotd 455 aiiiBm s teduig S 3340 TsS U iR trgind e “Raeda thns RS

i mpact predeietinkNod B Dvidine3s bt ResdRidg pAtiers RAWIbLOA 4261 JuE @pthes 416e
clear area 418 of the mask field 422 corresg}gnds to the areas of the ribbon

420 to frofdigssdhe sike of d#auiSeany 413 hatk strikes theiben 80 dt ik ARpIRSiftedrihat Her |
the mask fi glifivé2Zndddondof BOShL RPN RY tleirBRi1tth3 Dot cah Wirfl i hedstdale Wknby

| i ne 432

this disclosure. Mask 414’ (Figure 6) is used to complete the two-dimensional illustration of
the electrical components.
20
Continuing to refer to Figure 5, in the laser ablation apparatus 410 the excimer laser source
411 emits beam 412, which passes through the chrome-on-quartz mask 414. The mask field
422 canses parts of the laser beam 412 10 be reflected while allowing other parts of the beam
to pass through, creating a pattern on the gold film where impacted by the laser beam 412. It
25  is appreciated that ribbon 420 can be stationary relative to apparatus 410 or move continuously
on a roll through apparatus 410. Accordingly, non-limiting rates of movement of the ribbon
420 can be from about 0 m/min to about 100 m/min, more preferably about 30 m/min to about
60 m/min. It is appreciated that the rate of movement of the ribbon 420 is limited only by the
apparatus 410 selected and may well exceed 100 m/min depending upon the pulse duration of

30  the laser source 411 in accordance with the present disclosure.

Once the pattern of the mask 414 is created on the ribbon 420, the ribbon is rewound and fed
through the apparatus 410 again, with mask 414’ (Figure 6). It is appreciated, that
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G ven the imaging ratio of 2:1 of the LPX-200, it is appreciated that the

|l ength 30 of the mask is two tinmes the length of a |length 434 of the
resulting pattern and the width 432 of the mask is 15 two tines the width of
a wdth 436 of the resulting pattern on ribbon 420. The optics 416 reduces
the size ofWOaweén24dsam 412 that strikes the ribbon 420. pCa/EPg0ap@eeci at ed
that the relative dinmensions of the mask field 422 and the resulting
pattern can vary in accordance with this disclosure. Mask 414' (Figure 6)

is used to conplete the two-dinensional illustration of the electrical
conponent s. aféndeely] Mdérgppatatliseh By child Fdegptrsmoﬁed i sérf inaﬁ&brdaﬁﬂeawmms
apparatus 410 the exciner | aser source emts heam 412, whi passes

t hrough t he dSHPBYG- Bhtsg by peing masks ﬁ1f4414THé'gﬁé§0&5 of @edlbb@éﬁeaﬂs%w%ﬁ% of
the | aser b%ﬁﬂ%éf & akdrePeit RIcbRES BYo AL |nﬁ11t§ﬂlé El‘é)éld‘ﬂel@im inRRE Ea?ne%ask@?eat%@am
to pass throu creating a pattern on 3 where inpacted by the
| aser beam 4neble the C%Omya]a@p?t@aﬂloétllédcamﬂ@ﬁp %P?éﬁqngd othsr plectyead corpprnents
relatlveto at us
420. Aoodr dehar otk b bRk, BPUSENH U ol ofphleres B HO R, L
from about @reattnamounts cﬁlﬂwtmetaldl@ﬁhhrﬁmm,therMEmmﬁezﬂer ably about 30 mMmn to
about 60 mimn. It is appreciated that the rate of novenent of the ribbon
420 is limted only by the apparatus 410 selected and may well exceed 100
nm mn dependhm@comtnmliobmqmubﬁme gresait inventioh ilhidflatedim HI@SEB’aJElCﬂJlmpﬁbvéllﬂloﬂ the

accordance wi.th t en scl osure. att n of, the 414 is
e o pht et DRV ENE Yo R foR Roersa g s it B cropine S olish SEqmae
appar at ys 4Jadagaihg ,tegmsttnlfp nRefkrritd Aow(tHFIG! & thdre id §chb1§‘aat@dan§' eltisitedla sbdoall 12

WO 2005/ 124331 PCT/ EP2005/ 1106618 al ternatively, |aser apparait us_410 coul d
be posi ti on&@bediment tesksirip sonfigsatipa Rt dhepresgnt i lmf%ltloer. igdicefed ganeratly 3§ 800 Ihesi ng

masks 414, @ldsyip |8®0%n%€@ssa°(fott51|ﬂesu5§ut&%0'i‘2 188eE %H 1?seto§>a§&rﬁ6@ Sfith éz'%'()nxgn

st ep- and- repeat processes i nvol vi ng mu ti p e mask in the sanme
mask area t eonduetey|geld:lnyer &fos irstanesby spubieringon vaporidapesiticas by sipeof rodlinisiagt er ns

and ot her eé&gxfpﬁégcﬁ%f&%&%o@&%&m e L&%ﬁt%t?%ﬁs ﬁiere%f&eargfl‘ﬁen epa&amuhféﬁ%se

edges of th t rode cohponent s of
t he net abl i corfduétive flayenbyt mmsmmtmnpmmsahs debtribed bcmnxdbwa:boﬁvrrmmhplo,fwctng

pr esent inv |on illustrated in FE . an‘%Q nth r art

Dy e ovi di ng o oing i 5358 ol 68 ool Feni Rl RO bl e Bitedes

el ectrode shown and coupled to respective measurement contact pads 814b, 826b, 216b and 224b by
means of respective traces 814c, 826c, 216¢c and 224c. These contact pads 814b, 826b, 216b

and 224b provide a conductive area upon the test strip 800 to be contacted by a connector

20  contact of the test meter (not shown) once the test strip 800 is inserted into the test meter.

It will be appreciated that the test strip 800 of FIG. 8 is substantially identical to the first
embodiment test strip 200 of FIG. 2, except for the addition of the working sense electrode
826a, contact pad 826b, and trace 826c. Provision of the working sense line 826 allows the

25  test meter to compensate for any I-R drop caused by the contact resistance of the connections
to the contact pads 814b and 216b, and to compensate for the trace resistance of traces 814¢c
and 216¢.

Referring now to FIG. 9, there is shown a schematic electrical circuit diagram of a second
30 embodiment electrode compensation ¢irguit (indicated generally at 900) housed within the test
meter. As indicated, the circuit couples to contact pads 826b, 814b, 216b and 224b when the
test strip 800 is inserted into the test meter. As will be appreciated by those skilled in the art, a

voltage potential is applied to the counter electrode contact pad 216b, which will produce a

13



|0 leads on the test strip. Referring nowto FIG 8, there is schematically
illustrated a second enbodi nent test strip configuration of the present

i nvention, indicated generally at 800. The test strip 800 conprises a
bottom substrate 12 coated on its top surface with a 50 rim conductive gold
| ayer (for wagiwamzaslby sputtering or vapor deposition, PET@ERP006H06618
non-limting exanple). Electrodes, connecting traces and contact pads
therefor ‘are then patterned in the 15 conductive |ayer by a | aser ablation
process as described herei nabove. For exanple, working 814a, working sense

8262, count ein ] Binediih GRNR SLaRE0PeRAbeRLAERL A0SR bRl OPIRI ARy

shown and couple respective neasurene con
and 224b byto ﬂaaammuotf off wm@ pregent tin dleebioBgital, sa&zﬁacappﬁicﬁcto dredre2goat 18.THihs e

oot ot rip. SO grogt onerind SR ) B1ach Rt By w BRI Pl e R P e or
E} not shown) mﬂﬁ@ghélborotiesbntsdt rpagd 88@16) ahd plfo]?ﬁled tcﬁdnteﬂt-m-\tdhagd ezsphﬂimmo ﬂhb Wi : |

e appreC|ate that the te 800 o G 8.1s.su i ca
to the fPr sf’n ﬁ@ i@?ﬁé{e}: gﬁ) IEGWVS’fte‘{'—‘PGd‘g?taISSé&I@EEY 2?[5»3?’{1 hﬁ“%l g4l on
of the wor Kkigga S€B8E Eﬂic%éd’ Bﬁﬁucr@&@@ess&@ﬁ'h %@ord?ﬁgjtogg?ﬁwoﬁﬂ? stk RCoS8RGn

Provi si on of the wor sense Be 826 al st neter to conpensate

for any |- ROGEDE dAuses tbf;/ congenigaionpfithe e@b@q afhiaerest within %M@E‘F%ﬁ%mplﬁo t he
contact padgyflgh, ?daqes@ 16 sdndriio c&ﬁ%ﬁ%@‘isedléﬁa{yeh he td @eLby GRba &NGED

traces 814c 'and 216c. ?crrlng now t here 1s shown a schenatlc
el ectrical @prukvwﬁﬁﬁbranlof a second 3o enbodlnent el ectrode conpensati on
circuit glndlcated generally at 900) housed within the test nmeter. As
|nd|cated the circuit couples to contact pads 826b, 814b, 216b and 224b
when t he tbﬁcropnoces;nrz}n@) dl ouipats tacdigitalt signfihindicaigte orﬁthervoltage wotehtidbgo be

(RE”Coun & "Bst BRGNP i ogh RN B et AR 1
2005/ 124331 vhifagé A0S/ DOS B8 (rafmmen\toltbg veede).t Mhe cAblop yutpelt ©F D/Ad 823 6a

and t he workin ele rqode 8l4a t hat, oportional to.the unt of
anal yte pre%@ﬂ‘g (hat Bt 1pRYS ob gh ORprel ‘é‘gﬁS 3i28d A 8°%CR l?fé%ggﬂ{) e qpgratigyal

current 151 OEmpRA éﬁ'%@ls%&‘?léd% SHHAR of eTrzftl%Hé-l ?hﬁ& Ny, welﬁnaﬂam}n@nﬁér@de
e

trace 814c to morklng ectrode contact 814b and provided t

cur rent - t o- iferanegted mpdiffereare amplifierpenfigugi glg@ntlmm%qav@g@nﬁfﬁemﬁlfm. er
310 is Convﬁ@g@gf S rfioft ShdpfikierSd AR colMedMdPwarking sthdeSellin@t %bntaé';ﬁ&“%h&i S

then process m croprocessor 314 according to a previously stored
program in while a second input of operational amplifier 910 is coupled to counter sense electrode contact

pad 224b. The output of operational amplifier 320 is coupled to the counter electrode contact

20  pad 216b. When the biosensor test strip (800) is coupled to a test meter a first input of the
operational amplifier 910 operatively coupled to the working sense trace 826c and a second
input is operatively coupled to the counter sense trace 224c. The output of the operational
amplifier is operatively coupled to the counter electrode trace. The operational amplifier 910
in this configuration works as a difference amplifier.

25
Operational amplifier 320 is connected in a voltage follower configuration, in which the
amplifier will adjust its output (within its physical limits of operation) until the voltage
appearing at its second input is equal to the commanded voltage appearing at its first input.
Both inputs of operational amplifier 910 are high impedance inputs, therefore substantially no

30 current flows in counter sense line 224 or working sense line 826. Since substantially no
current flows, any parasitic resistance in counter sense line 224 or working sense line 826 will
not cause a potential drop, and the voltage appearing across the inputs of operational amplifier

910 is substantially the same as the voltage across the measurement cell (i.e. across counter

14
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order to determine the concentration of the analyte of interest within the
bi ol ogi cal sanple applied to the test strip 800. This concentration is

di spl ayed to the user by neans of LCD output device 316. 10 M croprocessor
314 also outputs a digital signal indicative of the voltage potential to be
appl i ed to waeoosozwisier el ectrode contact pad 216b. Thi s pdiTgire@bs/ogicgnal i s
converted to an analog voltage signal by DJA 318 (reference voltage
source). The analog output of D)A 318 is applied to a first input of an
operational anplifier 320. A second input of the operational 15 anplifier
320 is coup ' . of i | i g 010+ i

anplifier 9%%‘%@53 zggan%g%:‘?%ﬁémlgﬁ legﬁﬁeﬁlg%ﬁ%%%ﬁr?ﬁ?l %%%f%gg(g%sicgﬁﬁéﬁgeflng an
i nst rument ain on daffigérick | amplifiar f sonfgurationpuits ehtpop aeraesents atheampltage | earos91thei s
coupled to “%%ﬁﬁ rEggpe el ectrode contact pad 826b, while a second input
of operational anplifiér 910 is coupled to counter sense el ectrode contact
pad 224b. The out put of operational anplifier 320 is coupled to the counter

| ectrod tact 20 b. t he, bi . trip (800) is.
coupl ed fo_ opp@ibnetamBtes SR Efed 2510V G T toa bl bR abieg
oper at i vel ytcthe gbadert ddectibde vedidst pegl BIGBB antll HigCRNB L Gsltagd Potantid appedring Hfpods 1 S

operatively coupled to the coynter sense trace 224c, The output of th
oper at | onal HedrsFRPRER oFlL 5 cgul e fscioliseecaismbil commended bR BiTTearaees TS AL

trace. The ORefafbiaPBmplifFBLO tHefdford kAtomalcdily cBmpRhOF: ahy Poted Kfopasurd
difference anplifier. 25 Operational anplifier 320 is connected in a voltage

fol | ower coRY thyurasasitis mesistanceis the cquméer eleatrdertiass 214c) soupigr elgetrqde sonfagt gieb,

(wi thin,htswahysd galwolib {F%Iéesm%, aﬁﬁ’%ﬁ&iﬁ%@éﬁf&ﬁé {:Antécp @14369£ﬁclatﬂé‘refo"i‘9{hl%gag{e jat

its second input”is equal to the coma vol tage appearing at I rst
i nput.  Bot hppenying acresk thepagaauewendicelhisphe fiésged patential. eThe qpfeulatipe dhithe @ndlyiput s,

ther ef ore SuiSLANbAL he BRI U BDRoF! ISl SRMILER, RSEul1EecRRs. 81

wor ki ng sense Tine y no ‘curre any parasitic
resi st ance ilerefouniade moesweurhtene 224 or wor ki ng sense line 826 will not
cause a potential drop, and the voltage appearing across the inputs of
operational anplifier 910 is substantially the sane as the voltage across

t he meagsir eFERL10G & tonfunction @ith F5G. & dlhiiates a t4ird hBHANDEnt 24 FRLpresent invention

PCT/ EP2005/ Q06618 el ectyode 216a and,morkkﬁg el ectrqde 8%4&) Because

oper at i onal t ‘hﬂgr?\feépvgl prior ag oy Prqvading I-R drop compensation for bo the working and

counter electrode lines, as well as providing verification that the resistance of both the

working and counter electrode lines is not above a predetermined threshold in order to assure
that the test meter is able to compensate for the I-R drops. Referring now to FIG. 10, there is
20  shown a schematic electrical circuit diagram of a third embodiment electrode compensation
cireuit (indicated generally at 1000) housed within the test meter. The electrode compensation
circuit 1000 works with the test strip 800 of FIG. 8. As indicated, the circuit couples to
contact pads 826b, 814b, 216b and 224b when the test strip 800 is inserted into the test meter.
As will be appreciated by those skilled in the art, a voltage potential is applied to the counter
25 electrode contact pad 216b, which will produce a current between the counter electrode 216a
and the working electrode 814a that is proportional to the amount of analyte present in the
biological sample applied to the reagent 18. The current from working electrode 814a is
transmitted to working electrode contact pad 814b by working electrode trace 814c and
provided to current-to-voltage amplifier 310. The output of current-to-voltage amplifier 310 is
30  applied to the input of instrumentation amplifier 1002 which is configured as a buffer having
unity gain when switch 1004 in the closed position. The analog output voltage of amplifier
1002 is converted to a digital signal by A/D 312. This digital signal is then processed by

microprocessor 314 according to a previously stored program in order to determine the

15
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in a difference anplifier configuration, its output represents the voltage
across the neasurenent cell. 5 Operational anplifier 320 will therefore act
to vary its output (i.e. the voltage potential applied to the counter

el ectrode contact pad 216b) until the actual voltage potential appearing
across thevee@smrsent cell is equal to the vol tage poteemtrrasosoearsanded by
the m croprocessor 314. (Operational anplifier 320 therefore automatically
conpensates for any potential drop caused by the parasitic resistance in
the counter electrode trace 216c¢c, counter electrode contact 216b, 10 working

e P2 SRS o S AP B S 0

potential appearing acro e desired potential.
The cal cul acomentdtion ieedisphaley) teethe snbemeanatof bGDI autpuhdeviedll6gi cal sanpl e from
the current produced by the working electrode is therefore nmade nore
accurate. 15 FIG 10, in conjunction with FIG 8, illustrates a third

enbodi ment Miciohmcgsaseit alsa\vatphiis andigithladigrainiridivatise of ee vdiagppbtentidrtd oy

providing |-R.dr cO nsatjon for bo he. wor. Ki and coupter el ectrode
T oee ' 09 a0 g SRR Rl ol cbRhct g gl B s cob et F it
wor ki gg and veldgetsginabbg /A0S, | THeSnalog cstgqsutaiflcwa 3 spisegplias o ﬂ?dnpm[]@se{laokd
In order to assure t e . test ter. 1s a e corrpensate I he -
drops. Ref ePP‘?fﬂ'bonﬁleé]g{eFE’EQ thytys wﬁf&ugedi as apipltageofphower ua rafitel 1@‘56@&1? theal

circuit di aghadPéhodnt. Nihk SubOtigrRAbn L LRSIAQH20G BRHNYAL it coumter €lébirode
(i ndi cated general qIﬁiat 1000) housed within the test nmeter. The el ectrode

conpensat i ofonteqt pad;2{ 6by ehirhywsilliallow; mepserpmenteofta biglpgigaldhyid spmply epplivd tovthe

i ndi cat e, i1k C b I : C : : 4b
when ¢ hett eSRERfBHLKIERUR, R st €ONEC) RIS LORE RsiibhetPe SRR E FRE

appr eci at ed 10ythe biowi is kanifigewd asshohe imF1G. 9%and phaydgaeisgbtoentomaticdlly cappkise t o
the counter |, e . pa 6h,. . whi w.lLl pr current

bet ween thefoczzrg)ﬁﬁats lgl?%%cf%g{a%g%]éel%cggs g%s'ﬁlébet ﬁgre\l/\%%‘ier%lherleé)g?tﬁgggG@Ma that is
proportional to the anmount of analyte present in the biological sanple
applied to the reagent 18. The current from warking el ectrode. 8 IS
oSt t od I SrORP Rherprs e oot bisautte e Reeah T By eeieeRge ety B ¢ ace
814c ands pnoos idgthcédinGhy pedition showtoih tFAG €1 0 5Wikkdhf 11006 isplated ThiBe PoMitiaH oppbsite
current-to-voltage _aq:'pl ifrer 310 is 30 applied to the input, of

i nst r ument athEbshoXmdpiGetl, 1ddle sl H104s elgsd: gihecopergdonsl pmphifasr 338 hesgforeyni t y

gai n when swi 6dls GRS with uhfie ;ﬁhﬁﬁﬁ% R&S ¥d11a8k poldifiaPodb@derdicRbde MtcAgA Of
anplifier 1002 is convertedgto a |pgi t al s?eg%oal By Al D %12. Thei ) dai Slﬁam

signal is t Rt thraveks keewibiesisineerfopr. oEisp8istaBcEranses 8 cHirely ta Bovy ihthe wpiieg| y
stored pr OgEl%g&cid@ 113k Q% m{ﬁhgg&lﬁ{emsé?@e ﬁ&ez24 that is sensed by current-to-voltage amplifier
20 310, which is now coupled to the current sense line through switch 1010. The output of
current-to-voltage amplifier 310 is provided to the microprocessor 314 through A/D 312.
Because the value of Ry is known, the microprocessor 314 can calculate the value of any
parasitic resistance in the counter sense ling 224 and the counler electrode ling 216, This
parasitic resistance value can be compared to a predetermined threshold stored in the test
25  meter to determine if physical damage has occurred to the test strip 800 or if nonconductive
buildup is present on the contact pads to such an extent that the test strip 800 cannot be
reliably used to perform a test. In such situations, the test meter may be programmed to
inform the user that an alternate test strip should be inserted into the test meter before
proceeding with the test.
30
In order to measure the amount of parasitic resistance in the working electrode line 814,
switches 1006 and 1008 are placed in the position oppositc that shown in FIG. 10, while

switch 1010 is opened. The operational amplifier 320 therefore acts as a buffer with unity
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15 WO 2005/ 124331 PCT/ EP2005/ 006618 concentration of analyte within the

bi ol ogi cal sanple applied to the test strip 800. This concentration is

di spl ayed to the user by neans of LCD output device 316. M croprocessor 314
al so outputs a digital signal indicative of the voltage potential to be 5
appl i ed t o Whagtaddtler el ectrode contact pad 216b. Thi s PATEPRMF0SPENal i s
converted to an analog voltage signal by DA 318. The anal og out put of DA
318 is applied to the input of an operational anplifier 320 that is
configured as a voltage foll ower when switch 1006 is in the position
slhown. : dThe gaint gidt ap(phzsﬁ)@@b?;dgie?\ﬁ)ﬁnﬁﬂnm: w:véxklﬁx'g 8743 doRtaCopadl &zisb]E lthrduEE acnmelr

el ectrode contact_pad,216 ich w allo urenent o | ica
fluid sanpl &SSEFHHC @mtﬁ{sﬁ%“%m? %%@?rﬁcuifsn“?rgf’ ﬁwoghannﬁe @R}ﬁ %H’Q theg e,
1008 and 10 l@)rﬂi@ blfebtﬁﬂl@ dina 814 |tﬂaU i%t s’éx%%@ @y icBrrérit-$o-volt@e ampPEfi&i310UiThe ioitput of
configured as shown in FIG_ 9 a used to automatical ly conpensate

for parasitiCHTeMA-¥fEa GpHES) %koaﬁc@ro‘&éedj& thej IBiSEPPERSEBP A Wb tsoyghy A1) 8dPect

to FIG 9. Igcakdel JatieBTasl & &B%&Iﬁe%ﬂsrogfoc@,%@autcb& cmgahtéttﬁmﬁué ot idye
counter electrode |ine 216, switch 1008 is placed in the Eosmlon Shown

in FIG 10, Pewbifig Fesistmee insthe weddee sanse fire §26ind itemwerkingsilectrods Heg 8 Khovlisi n
FIG 10, whi laﬁsﬁ)f"'résgf'agl? :lvglué %a.l? le%Sﬂ aryl?o QF})% hﬁfﬁaz!l tlﬁf@gﬁloldf #t@rred %the test

t herefore ts as a fer wth uni y gal n "an Ies a voltage potenti al

t 0 counter aletastte dgterrmomfambfsmédammms tomtmgho dlekmmprwﬁlosuﬁmorﬂume Thi s

resi st ance S. urs en | ow . cou r e a and
t he counter %gg‘?\u 1S plrfr’msentz‘ﬁh Ph OP{aFtspas(,i% E% %b rl{r’?eth%teti1 ?Vé?ttnggég Oa%ﬂ‘%&q? er
310, whiwgh |reshahtyvxused>mqolpemﬂorhm téve G rsmcmrmtusmls ethh itese mieler ahigyhbe prolgeammidal] . The

t put of lifj 310 . dto th
?nycrpgprgcesé%% \égad gﬁﬁ“{g tet erBéi‘%%lhsq?pﬁ%eag‘n@f 81&*8%1 PR RYRE, t he

m croproces;,ﬁfceaﬂﬁgmmhe@dscul ate the val ue of any parasitic resistance in
the counter sense line 224 and the counter electrode Iine 216. This
parasitic resistance value can be conpared to a predeterm ned threshold
stored in thg mﬁ&au%ﬁs Bﬁ&ﬁippﬁ&tlgl%t SRdBtRe dbéw&ﬂ%%lt@@&erﬁﬁ%%r%?%c@%%&éded to
the test strip 800 or if nonconductive present on the contact
pads to $uc rbyaqferémeemhetrwa‘tlrebwé ifqagh h%itheﬁrpméxyoipuelé)hmmrp%ted oErefensnsg aided t o
performa test, f% uch situations, the test neter nay be programmed to
informthe us@? at  an alternate test strip should be inserted into the
test neter before proceeding with the test. 30

While the invention has been illustrated and described in detail in the drawings and foregoing
description, the description is to be considered as illustrative and not restrictive in character.
20 Only the preferred embodiment, and certain other embodiments deemed helpful in further
explaining how to make or use the preferred embodiment, have been shown. All changes and

modifications that come within the spirit of the invention are desired to be protected.
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In order to neasure the anmount of parasitic resistance in the working
el ectrode line 814, swtches 1006 and 1008 are placed in the position
opposite that shown in FIG 10, while switch 1010 is opened. The
operational anplifier 320 therefore acts as a buffer with unity 16 WO
2005/ 124331 PCT/ EP2005/ 006618 gain and applies a voltage potential to
wor ki ng sense contact pad 826b through a known resistance R'om This
resi stance causes a current to flowin the working sense |ine 826 and the
wor ki ng el ectrode line 814 that is sensed by current-to-voltage anplifier
310. The output of current-to-voltage anplifier 310 is provided to the
m cr oprocessor 314 through AID 312. 5 Because the value of R'omis known,
t he m cropr oceliB CLATMSCDEFINMNGUTHE 8NVBENTION ARBASHOLLQ@WSasi ti ¢ resi stance
in the working sense Iine 826 and the working el ectrode Iine 814. This
parasitic resistance value can be conpared to a predeterm ned threshold
stored in the jtest A gRE&isof §sRff BF B2EQink thdEbrsérmikionl BIMRUENANAS ubRE U bidehsbP
the test strip 800 or if nonconductive “buildup is present on the contact
pads to such an extteststriphthe biosensortest sgiprdompgisiogcannot be 10 reliably used to
performa test. In sucRinsiEu%é‘ons, the test nmeter may be programred to
informthe user thdt"4A RSIASe test strip should be inserted into the
test meter before am&ﬁmgciida&oa& trdte bpétativesi couplet tdtheoridhg el8étrodey i Or
applications, and other_ docunents cited herein are hereby incorporated 15
by reference in theiworkingiserse jragaoperatively sovpled \odbwprkinaslestrade;y i ncor por at ed
by reference and f th. Wiile the invention has been illustrated
and described in deatuée(l’ilu?{tefﬁg?{?ggﬁram ngs and foregoing description, the
descriptionois to lecoonteselearodd trace apetatistly abupled tankk conhter elsdtradet i ve in
character. 20 Only the Fr eferred enbog‘iwrren}, ar@]d certailn o(t]her enbodi ment s
deemed hel pful in fARPHRSE SeBLrage opegh quplefl i the spunierelechRde  of or r ed
enbodi ment, have bagposywtpy¢bmpisingchanges and nodifications that come within
the spirit of the invention are desired to be protected. 17 THE CLAI M5
DEFI NI NG THE | NVENTI ON Artest meterbpyiuga interfage for teseiving theshiaseasarest stipt ect i ng
the concentration of an ARak¥hE bRl halind SFASHE sclorkiHilfercfibe’ dplifle Snputs
bi osensor test strip conprising: a working-electrode;

15 and a difference amplifier output, wherein the first difference amplifier input is

operatively coupled to the working sense trace and the second difference amplifier
input is operatively coupled to the counter sense trace; and wherein the difference

amplifier output is operatively coupled to the counter electrode trace.

20 2. The system of claim 1 further comprising:
a reference voltage source having a reference voltage output; and
an operational amplifier having first and second operational amplifier inputs and an
operational amplifier output,
wherein the first operational amplifier input is operatively coupled to the reference
25 voltage output, the second operational amplifier input is operatively coupled to the
difference amplifier output, and the operational amplifier output is operatively

coupled to the counter electrode trace.

3. The system of claim 2, wherein the reference voltage source is a digital-to-analog

30 converter.
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a working electrode trace operatively coupled to the working el ectrode; a
wor ki ng sense trace operatively coupled to the working el ectrode; a counter
el ectrode; 10 a counter electrode trace operatively coupled to the counter
el ectrode; a counter sense trace operatively coupled to the counter

el ectrode; the systemconprising: a test nmeter having an interface for
recei ving the biosensor test strip; a difference anplifier having first and
second difference anplifier inputs is and a difference anplifier output,
wherein the first difference anplifier input is operatively coupled to the

wor ki ng sense jr acgr}fé%%th@eog%l}ﬁﬂ%u@ééﬁ Scéfn?ﬂ?iﬁ 5 -fol-di iuﬂ%hvén%l having an

operatively couple race nce
anplifier output - i Snppeperaiivedy goupled pd thd“toduh@eleamdai er eI ectrode trace. 20
2. The systemof claiml| further conprising: a reference voltage source
havmgarefe nce Ita u nd an operational anplifier having first
and second op atl ISY%‘%BIO?H?E'?H ’E%""QHHP operational anplifier

output, wherein theanf ifaddg-BREGIA tNeterNaPhj bh %a]dé‘ﬁﬂb‘ﬁtahéa@%%dtf!\ﬁ‘ y coupl ed
to the reference 25 vol tage out put, the second operational” anpll fier input

is operativély coupd emrenbwtmageoﬁmmékehaymmhpﬁtumpemm'plutcouwlndjtottheworkmg
operational anplifi ed t,o,the,coun

el ectrode trace. ?ngesgra%%rﬁnggg’gkg‘ipl % %Rﬂgt?‘gel?% CPH%!“} & e Pgnadngo\% 'tde%tgl

source is a digi talcohmnaipag 30 converter. - 18 4. The systemof claim2
further conprising an anal.og-to-digital converter having an input

operatively coupled_to the ectrode. 5. The systemof claim4
further conprlél ngdnieﬁés%ng}eoﬁlﬁ g?mq’ﬁf?%‘i‘prﬁﬁ‘&verter havi ng an anal og i nput
and a digital outpuy m,éoﬁmsésgdreﬁuwrig% \RiciopEReRBP lidput §¢ oB@rHﬂnfwy aau;uapw thes
operatively coupled to t el ectrode trace and an out put

oper ati vel yi0coupl edﬂmbgtth-él%inhlcgg‘wmt digjtal output opnderat ericrpprocsssor PTOV'de a
microprocessor reference voltage control output; and
the reference voltage source further comprising a reference voltage source control

input is operatively coupled to the microprocessor reference voltage control output.

15 7. The system of claim 6 wherein the microprocessor further includes a display
control output and produces an indication of the concentration of the analyte, the
system further comprising:
an output display, is operatively coupled to the microprocessor display control
output, wherein indication of the concentration of the analyte is provided to a user

20 via the output display.

8. A biosensor system, comprising:
a biosensor test strip, comprising
a working electrode;
25 a working electrode trace operatively coupled to the working electrode;

a working sense trace operatively coupled to the working electrode;
a counter electrode;
a counter electrode trace operatively coupled to the counter electrode;
a counter sense trace operatively coupled to the counter electrode;

30 a test meter coupled to the biosensor test strip, the test meter comprising:

-19-



N .

6. The systemof claim5 further conprising: a mcroprocessor having a

m croprocessor input is operatively coupled to the 10 anal og-to-digital
converter digital output and a m croprocessor providing a m croprocessor
reference voltage control output; and the reference voltage source further
conprising a reference voltage source control input is operatively coupled
to the m croprocessor reference voltage control output. 15 7. The system of
claim6 wherein the mcroprocessor further includes a display control output
and produces an indication of the concentration of the analyte, the system

further conprising: an Qlaﬁf?a%chiagg)tng%{ hi:%'ﬁ%%h‘égé&ﬁdccﬁﬁ&lug‘% %:ﬁ%?d}? inputs

m cr oprocessor display contr rern rndication
concentration of the anahdytelifferempreoarnplifibr t autput,uwberein2te Vfirat tiffereno¢ @miplifier

di splay. 8. A biosensor,syste conpri si ng: bi osensor test stri

Conpri &i g a wor ki ng elBBL ISotReretBa, couplag, togfhe ik ing ente ek BhIHE: segend,
coupl ed to the working gifRedntOsiBplified ik Is operafi®dly BolplAAs 1RRJLAEH seRérdeeup! ed
to the working el ectrode; a coun?er el'ectrode; a counter electrode trace

operativel y5 coupl ed to @mfererngrmoltagecioutseraide; a counter sense trace

b1 osensor Lest otri p, t ROV IO Eter BB HEAREing sl SEiondBh Fae TARIT bt | o

having first and secondast &fvelgicfllowsd odtpe] wheveli the fitstdvoltagh fdllomenimput is
anplifier output, wherein tlhe fi rs} difference anplifier jnput is
e

operatively coupled to €oHpleide theTglesanse xoliage squres therseond veliags follgpwer dnnuh ise
raiively coup > ; _
anplitier input 1s operabive 4 hod tegéégé ?%Fl{ﬂﬁer%gwg%peaﬁi ?ﬁ‘f&tﬁgé ﬁﬁl%w]g{ ?ust?utan g

ref erence voltage source; "and a vo ower Vi ng

second vol tage fol | ower is coppled to thedowmterglectngrde tfagk.l ower out put, wherein the
first voltage follower input is coupled to the reference voltage source,
the second voltage follower input is

9. A method for applying a stimulus having a desired magnitude to a biological
sample under test in a measurement cell of a test strip, the method comprising the
steps of:

15 applying a stimulus to the test strip;
measuring a magnitude of a voltage difference that is produced across the
measurement cell in response to the stimulus;
adjusting the magnitude of the stimulus applied to the test strip such that the
voltage difference produced across the measurement cell has substantially the same
20 magnitude as the desired magnitude; and »
using a counter sense line and a working sense line to sense the potential

difference across the measurement cell.

10.  The method of claim 9 further comprising the steps of using a device having a high
25 input impedance to measure the voltage difference produced across the

measurement cell in response to the stimulus.
11.  The method of claim 10 wherein the device having the high input impedance

comprises a differential amplifier.

30
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coupled to the difference anplifier output, and the voltage foll ower out put
10 is coupled to the counter electrode trace. 9. A nethod for applying a
stimulus having a desired magnitude to a biol ogical sanple under test in a
measurenent cell of a test strip, the method conprising the steps of 15
applying a stinulus to the test strip; neasuring a magnitude of a voltage
difference that is produced across the neasurenent cell in response to the
stinmulus; adjusting the magnitude of the stimulus applied to the test strip
such that the voltage difference produced across the neasurenent cell has
substantial |l y,fhe me it g Ltude: an i a
counter sense lltzi ne%g‘hﬂ' eg%\%oér}%q%g" ggﬁ‘segcﬁ §%§°§§§r% en‘g"e%ggaﬁgg 'gtﬁ{ ?151%0% 4

di fference across totkingeledtoderhd methbd furthOr coftpeisimg tifetepdf: cl ai m 9 furt her
conprising the steps of using a device having a high 25 jnput inpedance to
measure the vol tage di fmx@ﬁeétlwrrameré@patem@gélfferr@ce asress themessurement celljo
response to the stj : T thod of claim 10 wherein the device
having the high i n%g%g"lié%eef arrl%e% 3 fprises a differential anplifier. 30 -20
12. The nethod of cl ai nusingvthermpatibon ofethe potentig diffemendesagosz the measurement

el ectrode and worKki ectrod t he net hod further, conprising the st of .
conparing the neas ﬁ?lggmgh}ee#ﬂr%qefe&rﬂc&v ﬁ]t(al%e o regwate, the vﬁ@%[ﬂ”&%ﬁﬁ& ¢ "Fe?t 0

a desired referencelevpddead workingséledrodele conpari son of the potenti al

di fference across the nmeasurenment cell and the desired reference voltage to:

regul ate the voltage across the counter electrode and working el ectrode.

13. The met hod,of i el esir efer ol t.age .. i ded
by a 10 m crgar ocgislgé‘?ét %%nw(’g%ﬁegz Wieg’gglerdggérd e'%%é&ggipﬁaﬁse‘s%é?‘t@gwx
claim 13 wher ei n t hdcroprocespireonsaizd vohagerefedenct. vol t age ref erence

14.  The method of claim 13 wherein the microprocessor controlled voltage reference

comprises a digital-to-analog converter converter.

15 15. A method for making a measurement of an analyte using a test strip comprising a
measurement cell, a counter electrode, and a working electrode, the method
comprising the steps of:

receiving the test strip into a biosensor device;
applying a stimulus to the counter electrode to produce a potential across
20 the measurement cell;
measuring the potential difference developed across the measurement cell
by the application of the stimulus; and
adapting the stimulus applied to the counter electrode based upon the
measured potential difference developed across the measurement cell,

25 wherein the test strip further comprises:

a working electrode;

a working sense contact pad is operatively coupled to the working
electrode;

a working electrode contact pad is operatively coupled to the

30 working electrode;

a counter electrode;
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conprises a digital-to-anal og converter converter. 15 15. A nethod for
maki ng a neasurenent of an analyte using a test strip conprising a
measurenent cell, a counter electrode, and a working el ectrode, the nethod
conprising the steps of receiving the test strip into a biosensor device;
applying a stinulus to the counter electrode to produce a potential across
20 the neasurenent cell; neasuring the potential difference devel oped across
t he neasurenent cell by the application of the stinmulus; and adapting the
stinmulus applied to the counter el ectrode based upon the neasured potenti al

difference devel oped across f ffinfefbbr6idiBhtabiGlal is ﬁrﬁ%fﬁdﬁpkﬁ% Fh%gburﬁérr Ip

further conprises: a working electrode; a working sense “contact pad 1Is
operatively coupl ed to tlarodeydodng el ectrode; a working el ectrode contact

pad is operatively coupled to th 30 wor ki l ectrode; a counie _
el ectrode; -21 a counter el %&?’gﬂesegﬁnfoé'&cpgﬁcg’si %PCB%E’FQE ‘r“?}’é’l?egfj %’o’hﬁlcgﬂ‘t?fo
the counter el ectrode; elgétfhde; counter sense contact pad is operatively

coupled to the counter _e|ectrode; 5 the nmethod further conprising:
recei ving f¥ om t he thedngthedfusthercomppsingct pad a wor ki ng sense contact pad

potential from the wor kie@&vﬁg%&rﬁ %e‘g%r%ﬁggsu@e ’lgmfa{t%gamh@?%g@éeﬁ& conitiepad

contact pad a counter sense €ontact otentla count er
el ectrode; to conpaoiengal fonkihagvosdnsédeamdeact pad potential and counter
sense contact pad potenti.al tplgroduce a neasurenent, of the potentija
across the measurenent Treceiving from the counter sense contact pad a counter sense contact pad
potential from the counter electrode;
10 comparing working sense contact pad potential and counter sense contact
pad potential to produce a measurement of the potential across the measurement

cell.

16. A method for measuring a parasitic impedance of at least one trace of a biosensor
15 test strip, the biosensor test strip comprising:
a working electrode;
a working electrode trace operatively coupled to the working electrode;
a working sense trace operatively coupled to the working electrode;
a counter electrode;
20 a counter electrode trace operatively coupled to the counter electrode;
a counter sense trace operatively coupled to the counter electrode;
the method comprising the steps of:
selectively placing a resistor having a known impedance in series with the
working sense trace and working electrode trace to form a series circuit having a
25 series circuit impedance comprising the known impedance of the resistor and a
working sense trace impedance and a working electrode trace impedance;
selectively applying a stimulus to produce a current passing through the
series circuit;
measuring the current flowing through the series circuit;
30 using the current measurement to calculate the parasitic impedance of at

least one trace of a biosensor test strip.
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cell. 16. A nethod for neasuring a parasitic inpedance of at |east one trace
of a biosensor 15 test strip, the biosensor test strip conprising: a
wor ki ng el ectrode; a working el ectrode trace operatively coupled to the
wor ki ng el ectrode; a working sense trace operatively coupled to the working
el ectrode; a counter electrode; 20 a counter electrode trace operatively
coupled to the counter electrode; a counter sense trace operatively coupl ed
to the counter electrode; the nmethod conprising the steps of: selectively
pl acing a resistor having a known inpedance in series with the working
sense trace and working electrode trace to forma series circuit having a

25 series circuit inpedance conprising the known inpedance of the resistor

and a worKi ng7senge inkellir dfrahamarsceharéid tie seiektir@itahpeddned & kisedtedetermine

i npedance; selectively applying a stinulus to produce a current passing

t hrough the seri ewhetheetheblosersasigstistip is Hamagéas ent f1 owi ng t hrough t he
series circuit; 30 using the current neasurenent to calculate the parasitic
i npedance of at |east one trace of a biosensor test strip. -22 17. The

met hod of cfairg. 18 Avnethed rfort neasariig & parasitic ithpedamosed an deast cneuraeel of ® bidsdnsorm ne
whet her the bi osensor t_esL EIH p is damaged., 5 18. A nethod for neasuring a
parasi tic i npedancd®shftrips tng BOSENSeFest SPCAMPRSIAL i osensor test strip, the

bi osensor test StriaRv&FﬂgreieEeri a working el ectrode; a working el ectrode
trace operatively coupled to the working electrode; a working sense trace
operatively coupl ea waskingslepisedei trage epezativelychoupled tathe working cledtrodey ode; a

counter electrode trace. oper ar"i (\:/eel GO 9Ice.l(l:l t oéheewcr unt &f eleect _rode; a
counter sense tracé %%g%tsf% 9 c%?é[)q e!fli 8 ‘}leﬁ][e)l l?)un?gf‘"geel &If’? ode;
10 a counter electrode;
a counter electrode trace operatively coupled to the counter electrode;
a counter sense trace operatively coupled to the counter electrode;
the method comprising the steps of’
selectively placing a resistor having a known impedance in series with the
15 counter sense trace and counter electrode trace to form a series circuit having a
series circuit impedance comprising the known impedance of the resistor and a
counter sense trace impedance and a counter electrode trace impedance;
selectively applying a stimulus to produce a current passing through the
series circuit;
20 measuring the current flowing through the series circuit;
using the current measurement to calculate the parasitic impedance of at

least one trace of a biosensor test strip.

19. The method of claim 18 wherein at least one of the calculated indications of

25 impedance is used to determine whether the biosensor test strip is damaged.

20. A method for using a biosensor meter 1o measure a parasitic impedance of at least
one trace of a biosensor test strip, the biosensor test strip comprising:
a working electrode;
30 a working cléctrode trace operatively coupled to the working electrode;

a working sense trace operatively coupled to the working electrode;
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t he met hod conprising the steps of: selectively placing a resistor having a

known i npedance in series wwth the 1s counter sense t
el ectrode trace to forma series circuit having a ser
conprising the known i npedance of the resistor and a

i npedance and a counter el ectrode trace inpedance; sel
stinulus to produce a current passing through the ser

race and counter

ies circuit inpedance
counter sense trace
ectively applying a
ies circuit; 20

nmeasuring the current flowi ng through the series. circuit; using the current

measurenent to cal cul ate the parasitic inpedance of at

| east one trace of a

bi osensor test strpeunt&-elekit@ddiet hod of claim 18 wherein at |east one of the

cal cul ated indications of 25 inpedance is used to det

er mi ne whet her the

bi osensor test st ragownserdiertrgdeitraczmperativaly pavitletde thesionnterelpttiodensor neter to
measure a parasitig cbtﬁﬂ?&ds%}?{%‘?ra% 0 athl%@l.sctoupl%‘ﬁ) the E&lﬁ)té}feﬂe%tr?éeogr?dqsor test
rip conprising: Ing electrode;

strip, the biosensor test s a wor
wor ki ng el ectrode thecicsensoe ntdreomprisingipl ed to the wor

30 a
king el ectrode; a

wor ki ng sense trace operatively coupled to the working el ectrode; 23 a
counter el ettrode; a codRiasgnsel BElCF GetstrinBteHagsROMPISiNgl y coupl ed to the

counter electrode; a countef 3005 elbGRAE caRt E.‘;dsvel y

el ectrode; and the biosensor neter conprising: a bi

coupled to the counter
osensor neter test

strip interface conprising: aaovdnksense @ntactpadde contact pad, a working
sense contact pad, a counter electrpde cf?ontact Bad, and a counter sense

contact pad; 10 the nethod cBAPHIECHGIreqfsonaghpa

A9 eceiving the test strip

into the. biosensor neter; OR@HgHidréeisy coMaRbadlg the test strip to the

bi osensor neter test strié) interface
10 the method comprising the steps of:

receiving the test strip into the biosensor meter;

operatively coupling the test strip to the biosensor meter test strip interface

20

25

30

21.

22.

such that the working electrode trace is operatively coupled to the working
electrode contact pad, the working sense trace is operatively coupled to the working
sense contact pad, the counter electrode trace is operatively coupled to the counter
electrode contact pad, and the counter sense trace is operatively coupled to the
counter sense trace;

selectively switching a resistor having a known impedance into series with
the working sense trace and working electrode trace to form a series circuit having
a series circuit impedance comprising the known impedance of the resistor and a
working sense trace impedance and a working electrode trace impedance;

providing a stimulus to produce a current passing through the series circuit;

measuring the current flowing through the series circuit;

using the current measurement to calculate the working electrode trace

impedance and of the working sense trace impedance.

The method of claim 20 further comprising the step of:

using at the series circuit impedence to determine whether the test strip is damaged.

The method of claim 21 further comprising the step of:

displaying an indication of the test strip usability.
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such that the working electrode trace is operatively coupled to the working
el ectrode contact pad, the working sense trace is operatively coupled to the
wor ki ng 15 sense contact pad, the counter electrode trace is operatively
coupled to the counter electrode contact pad, and the counter sense trace
is operatively coupled to the counter sense trace; selectively switching a
resi stor having a known inpedance into series with the working sense trace
and working electrode trace to forma series circuit having 20 a series
circuit inpedance conprising the known inpedance of the resistor and a
wor ki ng sense trace i npedance and a working el ectrode trace inpedance;
providing a stimulus to produce a current passing through the series

circuit; nmeaspino hidthodUbr eiig 4 biovdnset thdiérad Ghkabilie aSardsitie impédartd of a19¢430
the current nmeasurenent to cal cul ate the working el ectrode trace 25

i npedance and of t reeeekefiipiasensps tast Wip thekiesgasns éest stiip camprisigd hod of cl ai m
20 further conpri si or?cﬂ?tefetcﬁgdeof: using at the series circuit inpedence to
determ ne whether the' te strip is damaged. 30 22. The nethod of claim 21
further conprising awerkitigefecorbde tetice pparytively conpledith thatwogkingéledtivdet est strip
usability. -24 23. A pethod for using .a bigsensor ter to asure a
parasitic i mpedance® ¥Prkig sensg drace oporati Fléﬁg‘“’g?dtﬁuﬁﬁ pekneslecreds strip, the

bi osensor test strijvoup@PEle&idag; @ working el ectrode; 5 a working el ectrode
trace operatively coupled to the working electrode; a working sense trace
operatively coupl ed qosntehelectndr trags epermtively geupled te therountertlesinodeide; a count er

o oL o L1ace 00 AL Lt RO ) LGy IO BSALARE, nd oL

sense trace operatively coup e ‘cou rode; t he
bi osensor neter conp¢ bidsengor metéricomprising: neter test strip interface
DT Sl ng: & K g e or metey (st siip Inerlace comprisings. —C/oc contact pad,
a working electrode contact pad,
a working sense contact pad,
a counter electrode contact pad, and
15 a counter sense contact pad;
the method comprising the steps of’
receiving the test strip into the biosensor meter;
operatively coupling the test strip to the biosensor meter test strip interface
such that the working electrode trace is operatively coupled to the working
20 electrode contact pad, the working sense trace is operatively coupled to the working
sense contact pad, the counter electrode trace is operatively coupled to the counter
electrode contact pad, and the counter sense trace is operatively coupled to the
counter sense trace;
selectively switching a resistor having a known impedance in series with the
25 counter sense trace and counter electrode trace to form a series circuit having a
series circuit impedance comprising the known impedance of the resistor and a
counter sense trace impedance and counter electrode trace impedance;
selectively applying a stimulus to produce a current passing through the
series circuit;

30 measuring the current flowing through the series circuit;
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a counter electrode contact pad, and 15 a counter sense contact pad; the
nmet hod conprising the steps of. receiving the test strip into the biosensor
nmeter; operatively coupling the test strip to the biosensor nmeter test strip
interface such that the working electrode trace is operatively coupled to
the working 20 electrode contact pad, the working sense trace is
operatively coupled to the working sense contact pad, the counter el ectrode
trace is operatively coupled to the counter electrode contact pad, and the
counter sense trace is operatively coupled to the counter sense trace;

sel ectively swi tching a usingi tht Qurréid in€guRmiOWN calowlad ancindicatiGe bf @i vduntert he
25 counter sense trace and counter electrode trace to forma series circuit
having a series ciSeBifitface ipredanteand 6onntsr slesodeEack ppsdanéenedance of t he
resistor and a counter sense trace inpedance and counter el ectrode trace

i npedance; selectively applying a stimulus to produce a current passing
through the sBti esTlmimﬂhbdofc%mrﬁéafamhdrngnprﬁlsing:merseptoffIovvi ng t hrough the

series circuit; -25, u3| t he cuyrent surenment to. cal cul ate an .
"ndi cation S 1t he i ¥ test S ication of Wheotmpedanc of 1he SRS SIS A0 ASEEMIPE ace

i npedance. 24. The WRiKQhebstGlr ,gmggagwrther conprising the step of. 5
using at | east one indication of the inpedance of the series circuit to
determ ne whether the test stripis damaged 25. The nmethod of claim 24
further conprisdng 4,he e i a ndj cati on of the test strip
usability. - 2%4 i &h&Potdim 2 e b idihg 2 step 3F:

displaying an indication of the test strip usability.
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