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Background
The present invention relates to devices, systems, and methods for
20 measuring analytes from biological samples, such as from a sample of bodily
fluid. More specifically, the present invention relates to biosensors and
methods for testing an analyte using certain electrical response characteristics.
Measuring the concentration of substances, particularly in the presence
of other, confounding substances (“interferents”), is important in many fields,
25 and especially in medical diagnosis and disease management. For example,
the measurement of glucose in bodily fluids, such as blood, is crucial to the
effective treatment of diabetes.
Multiple methods are known for measuring the concentration of
analytes such as glucose in a blood sample. Such methods typically fall into
30 one of two categories: optical methods and electrochemical methods. Optical
methods generally involve absorbance, reflectance or laser spectroscopy to

observe the spectrum shift in the fluid caused by the concentration of the



30 one of two categories: optical nethods and el ectrochem cal nethods.
Optical nethods generally involve absorbance, refl ectance or | aser
spectroscopy to observe the spectrumshift in the fluid caused by the
concentration of the WD 2004/113910 PCT/ US2004/ 019576 2 anal ytes, typically
i n conj unavd aamisdto a reagent that produces a known cRGYUS2HEWPSZONDI ned
with the anal yte. El ectrochem cal nethods generally rely upon the

correl ati on between a charge-transfer or charge-novenent property of the
bl ood sanple (e.g., current, interfacial potential, inpedance, 5

conduct ance, and the like) and the concgftrati on of the analyte, typically
in conjunction with a reagent that produces or nodifies charge-carriers
when conbined with the anal yte. See, for exanple, U S. Patent Nos.
4,919,770 to Prei et al and. 6, Q54, 039 t o Shi eh, ich are

i ncor por ated by ‘?r fymically Wequluﬂcqoﬁ “flﬁ‘eq reagsht ‘?‘P%er’gléces %@“‘N{‘ ‘ioﬁﬁfor t ant

limtation of eyl sonsisdwiel thevidraeSERérdthanidal MBhédgens@lcRRt rati on of a
chemcal in blood is the effect of confounding variables on the inpedance

of a bl ood sanpheon thiysorelasion betweehachasgsniEansier 8% charse-1BPYsEENt RIGPHYe nust
correspond cl osg{t}gc{,}go g’ﬁﬁplé’%&%ﬂe m{cglﬁm gﬁh@p gé&angeoncentratl on
se

mappi ng function Is ba eomet ry the bl bod sanple is typically
control | ed b§ acewnghnse, anddks lykq)gncbﬂw t:¢rx°)nntmt10t1 hétm@sﬂmgtyalpidhﬁlat us. In the

case of bl 0ot oL 4SRRI Seasch b BXAIR S kliicLOO, SRALEplP LypTcally

pl aced onto a diI'sposa sIn neter. The test
strip may have eomskingl witlcthamhaytet Seedﬁfrlensnple ﬁéngtth‘o,s. 491910 tsanpl e,

Alternatively, the effects |imted by assuring
an effectively %ﬁfc}eﬁie[ %%bgiw%esh%g’r‘g@ %/‘Fﬁlnecorp ‘?yg%}(r?'}?aes used for
measuri ng the angkptietherenfdetisfpaced cl osely enough so that a drop of bl ood
on the test strip extends substantl ally beyond the Oectrodes in all

di rections. Regar dI 28 1BPortaRblmitauan of clesteqcherpigal peHheds of @easinge feonet ry,
typically one Ogof¥kifutidRSLa Shénfitdt K160 i€ LR ErfeOdF T oRfotndifEPhrfable@sSUr € 25 t hat

there is a sufficient amount of sanple to assure an accurate test result.
the impedance of a blood sample. For example, the geometry of the blood
sample must correspond closely to that upon which the impedance-to-
concentration mapping function is based.

15 The geometry of the blood sample is typically controlled by a sample-
receiving portion of the testing apparatus. In the case of blood glucose meters,
for example, the blood sample is typically placed onto a disposable test strip
that plugs into the meter. The test strip may have a sample chamber to define
the geometry of the sample. Alternatively, the effects of sample geometry

20 may be limited by assuring an effectively infinite sample size. For example,
the electrodes used for meésuring the analyte may be spaced closely enough so
that a drop of blood on the test strip extends substantially beyond the
electrodes in all directions. Regardless of the strategy used to control sample
geometry, typically one or more dose sufficiency electrodes are used to assure

25  that there is a sufficient amount of sample to assure an accurate test result.

Other examples of limitations to the accuracy of blood glucose
measurements include variations in blood chemistry (other than the analyte of
interest being measured). For example, variations in hematocrit
(concentration of red blood cells) or in the concentration of other chemicals,

30 constituents or formed elements in the blood, may affect the measurement.



O her exanples of |imtations to the accuracy of blood glucose neasurenents
i nclude variations in blood chem stry (other than the anal yte of interest
bei ng nmeasured). For exanple, variations in hematocrit (concentration of
red blood cells) or in the concentration of other chem cals, 30 constituents
or fornmedws) R@iitsaei N the bl ood, nmay affect the neasuPERBRR04/YYS75004/ 113910
PCT/ US2004/ 019576 3 Variation in the tenperature of bl ood sanples is yet
anot her exanple of a confounding variable in nmeasuring blood chem stry.
Thus, a system and net hod are needed that accurately neasure blood gl ucose,
even in the presence of confounding vari,abl es, including variations in 5
tenperature, hematocrit, and the concenfrations of other chemcals in the

bl ood. A systen1and met hod are |ikew se needed that accurately measure an
analyte in a f S, an ob rese i nventi.on.to provide such

|
a system and ngﬂ?élﬂnl ?lﬁ?"ﬁ’ﬁlm #1[?51804‘?&9‘8 %‘fﬁ.')lPeé%?ianﬁothenuate or

mtigate the 10cdntﬁuha§ﬂ$0ﬁuabfe1ﬂﬂ%a§tﬁmgmo@d@ﬁ>éﬂh§ > of interference, or to
ot herwi se conpensate correct a neasured value. Oten nultiple design

sol utions are enpl oylWs, asystemand medry aEarpleddhat acqugtely measienbioed vi t i es
associ ated i t hyhlig: Q0858 e FERAL ATBRbuRL Ak e lci i AgSfan sol uti ons

i nvol ve permsefective and/or size- 15 sel ective menbranes, filters or
coatings. Suth tﬁ@@éﬂgwresmrmtbmyndmhef@ncdntr@mns|0ﬁgﬂlelr@nmalsdo§tes of goods,

addi tive manuTagLyL | 8 R ORRY e RLERE L Rk o SEAGELARL oI 20 U1 1

cost, conplexity, sposable test strips
and instrunent sanammhm)ﬂuntg It ken @bjret df dleksprésehtainvention geprovidé swhpar oach of
overcom ng the robI e HI n the scope of the test 20 strip design.

Anot her gener al éﬁﬁ’ra&g]ﬂ?tqo vol ves the use of sophisticated excitation and

si gnal processing nmavhgdppfoachel Bsvedethefiglopdttb RitciRbtedr effigaddie. Si npl er,
| ess conplex, test strip architectures and manufacturi ng processes

10 influence of one or more sources of interference, or to otherwisé compensate
for or correct a measured value. Often multiple design solutions are employed
to adequately compensate for the sensitivities associated with the chosen
measurement method.

Well known design solutions involve perm-selective and/or size-

15  selective membranes, filters or coatings. Such design solutions suffer from
incremental costs of goods, additive manufacturing process steps further
exacerbating manufacturing cost, complexity, and speed of manufacture.
Systems (disposable test strips and instruments) employing these methods take
the general approach of overcoming the problem within the scope of the test

20  strip design. .

Another general approach involves the use of sophisticated excitation
and signal processing methods coupled with co-optimized algorithms.
Simpler, less complex, test strip architectures and manufacturing processes
may be realized; however, instrumentation costs, memory and processor

25 requirements, associated complex coding, and calibrated manufacturing
techniques are required. Systems employing this technique take the general
approach of overcoming the problem within the scope of the instrumentation.

A more recent approach involves neither the strip nor instrumentation,

per se, but rather exploits the measurement methodology. An example of this



may be realized; however, instrunentation costs, nenory and processor 25
requi renents, associ ated conpl ex codi ng, and cali brated manufacturing

techni ques are required. Systens enploying this technique take the general
approach of overcomng the problemw thin the scope of the instrunentation.
A nore reogdhooapomach i nvol ves neither the strip nor pawUsS200wnesasi on, per
se, but rather exploits the neasurenent nethodol ogy. An exanple of this WD
2004/ 113910 PCT/ US2004/ 019576 4 is the use of a coulometric method to
attenuate the influence of hematocrit and tenperature. It is also well
known to those skilled in the art that a}{)l of the above approaches are
further supported by the initial design of reagent systens. In 5 the
detection of glucose, for exanple, this may involve the use of selective
redox nedi ators, and enzynmes to overcone the detrinental influence of redox-
active species Hﬁhetﬁéoﬁ?@%’é?%%“‘bpewg&at?ﬂ%? the inffuence of hemplogiakangs t he
invention to preyegnde Si mpler, less costly method for attenuating the

i nfluence of interferents, in a manner that does not suffer 10 the denerits
associ ated with the Iyisradsoarelldmowo sethese skilled émtheyrtithat ajl gbthggboveWwD 20041113910
PCT/ 1JS2004/ 01957 T i . er al . aspect, the

pr esent inventi%’rﬁ’(?cl’ar(%}\li-/’edc‘%‘a‘er@ﬁEl réu%ﬁr'é&gt\c;lﬁ)g\}'gh%1%%%%?{“%&%%% Sbﬁl(rfodes, whi ch
al l ow for th® uthe dekctionof ghiasse! forrextnspld, thic may asblvethetuse ofiypdedad e t he anal yte
measur enent for_int erf,erenta'.g | n one enbodi l[;rent for .gﬁanﬁl ef g air of

el ectrodes def i /A% Mediptoryangenzyimes fRpNercogirdhe dgiripgntal influenieof 16d0%- gef i nes a
second measur engifiive §0Rs orlthE pRAdncS ofGtBer'sapgh! y copl anar, and within a pair
of electrodes each has a |length substantially parallel to the |ength of the

other. At |east one s anobicet féhgigyrasion i prauide p FigplPss cothemebed odes 10
conprises at | efbudniBhif ROGRLERe of SErRRAY, B 2 AANEHML XRs ROQUBRL S, Which are

10  the demerits associated with the general approaches currently in wide use.



i nterdi gltated with the conductive elenment(s) of the other electrode in the
pair. Each elenent for an el ectrode is conductively connected to the sane
contact for electrical comrunication with a driver and/or neter. The sanple
est abli shes electrical contact with both pairs after dosing. 15 Several

vari ati onsy@hooliifsefe0r €90i Nng are contenpl ated. For exanph@ysaoddiorsp€ approach
a reagent or a plurality of reagents can be selectively deployed onto at

| east one of the at |least two pairs of electrodes residing in a sanple
chanber. Both pairs are coated with a first reagent. Optionally, one of the
two pairs is coated with a first reagent, and the second pair is coated with
the 20 same reagent but |acking either énzyrre or nediator. Alternatively,
one of the two pairs is coated with a first reagent and the other pair is
coated with a second reagent. In another enbodi ment, one of at |east two
pairs is coated wth a reagent and SShenasdrdyer pair | acks a reagent coating,

with the downstyfeam. ir nreferably having the reagent coating. In a
vari ation of tfi%%%gﬁ%ﬁ%, 25 the other of the pairs is covered with a
coating that is per mh efd ®pédt\s prédentinvétion eivoles thepravidi@r ofitwe pailrd ect s t he
el ectrode response in, the E}besence of one or nore anal ytes and/or

interferents. |9 ekairedserWhichalopstor the uge Rfdive meagemems WF8EeL 8 f i ci ency
el ectrodes are cohxgeﬁgdféﬁﬂe arfafifie BEARIRnt fBr ;n'ferfeeénesl & bhOdRoodade faray be

included that is 30 |ocated further fromthe edge than the first two
el ectrode pai r $xampls, a pair efieleetodes defdws @ fmgtmegsrernat garms while Gsmvdnst r eam of

the entering ﬁg{mﬁflﬁésg sgconﬁ%je bie AR ZAR %‘h%?)m%&gf&ugwi%gpl%ﬂ% eI ect r ode

sufficient sa to con uct an accura
system may conpwitlie a @ais bhejearodésematr e ledgthmarbstantially pptallelab theylength el enent s.

[0, 21091 o el et SHBOLL RN of dE LSBT b fRBH TR, noLion
Al ternati veloy, cotﬂpﬁscdm agtiwb tlohgataly reetaagiladadisyist elemsmy, widctpare se a pair of
Ut 11 chency A TEBRGAENE OF Srbgirs PP Sy ArelarTd Evam: oyed t o
detect when a Each element for an electrode is conductively connected to the same contact
for electrical communication with a driver and/or meter. The sample
establishes electrical contact with both pairs after dosing.
15 Several variations of the foregoing are contemplated. For example, in
one approach a reagent or a plurality of reagents can be selectively deployed
onto at least one of the at least two pairs of electrodes residing in a sample
chamber. Both pairs are coated with a first reagent. Optionally, one of the
two pairs is coated with a first reagent, and the second pair is coated with the
20  same reagent but lacking either enzyme or mediator. Alternatively, one of the
two pairs is coated with a first reagent and the other pair is coated with a
second reagent. In another embodiment, one of at least two pairs is coated
with a reagent and the other pair lacks a reagent coating, with the downstream
pair preferably having the reagent coating. In a variation of this embodiment,
25  the other of the pairs is covered with a coating that is perm-selective, size-
selective, or otherwise affects the electrode response in the presence of one or
more analytes and/or interferents.
In further aspects, dose detection and dose sufficiency electrodes are
included. For example, a third electrode system may be included that is

30 located further from the edge than the first two electrode pairs, i.e. is



sanple fluid has been applied to the biosensor. W 2004/113910

PCTI US2004/ 019576 7 Brief Description of the Drawings FIG 1 is a
perspective view of a testing strip according to one enbodi nent of the
present invention. FIG 2 is an exploded view of selected |ayers of the test
strip of Ry@aodun139 FIG 3 is a cutaway plan view of ther/ebmode9oshe portion
of the strip of FIG 1. FIGS 4-15 are exploded views of alternative test
strips according to the present invention. WO 2004/113910 PCTI US2004/ 019576
8 Description For the purpose of pronoting an understanding of the
principles of the present invention, rgerence wi |l now be nmade to the
enbodi nents illustrated in the drawi ngs and specific |anguage wll be used
to describe the same. It 5 will, neverthel ess, be understood that no
limtation of the scope of the invention is thereby intended; any

al terations anddgvnstrerst ofibeiPrtpEng samRls fhid, apdis opebleite defeq whep thesa r at ed
enbodi ment s, - and o@AkichiahBRI NARRI dohillct BNRcllyd e TR AldRael the
invention as illustrate herein are contenplated as wou normal |y occur
to one skilled systemmaygomprise wkingle efehizodereleameni ore plutatityef elet@nisnir oduct i on

General ly, the test strips.of.th resent. invention provide.for testing of
an analyte in a™ %fﬂ%?eg qn(ljl{oﬁgpenﬁ, &558 eH?PYhtj nehpps }npclogﬁ)érraég{: vathém%r rays that
per f orm di f f &r estmdre b the @tRer electhaléctodest fo2 katiple sefipiense Alwagdtivelys Wi th the
sanple. One par%cul ar _enbodi ment, i nvol ves the, conbj n?H on of macro 15

el ectrodes and W @pts-sefficiany gleetrads systes Ry camprise ARaB O £legieedsai rs, but

contribute infgem@it @8t dodperateWithdine SRR S HAlnLOs@ipld NEfiGBR)yY e
concentration, such as by having the information obtained from one

el ectrode pair eRERD¥pbIEsARFtEOge system may similarly be employed to detect when a
sample fluid has been applied to the biosensor.




conpensate or correct the results obtained fromthe other electrode pair, or
by conbining the responses of the electrode pairs in a predeterm ned

fashi on. 20 These el ectrode arrays may al so be conbined in a wi de variety of
other ways to acconplish nmultiple related functions, including anal yte
concent r atwonoosdeioect i on of hematocrit, determ nati on BET/GS004439576Nn f act or s,
as well as sanple sufficiency and dose detection, all on a single strip and
in an extrenely small space. Alternatively, by using nmultiple arrays with
different 25 sensitivities to interferents, one may exploit the two
measurenents to provide a nore accurate result, as would normally occur to
one skilled in the art. In various embodi ments, different el ectrochem cal
excitation techniques (for exanple, DC, AC phase, AC anplitude, or conbined
DC/AC) are applied to these different electrode arrays to achieve the
desired goals. 30 Exanpl es ofBr¢fdieserdptinn of theDEAYENER| | known in the art, and
are further WO 2004/gi&39 10, fsPeliR2Q4 et Sgip%mh'%ftg% in the AC
Excitation application, which was incorporat gd above y reference. Another
exenpl ary t echnémbadimenipéie arasentfigjentien:i ati on of diffusion coefficients of
the electrochem cal | ycaghd ¥ex3RACH Sy RELASSHIRr dRAERLRIForRIGUL T et T

sol ubl e reagents at ‘an el ectrode SUryace occurs due 16 the physi cal

di ffusion of 5these sKiécB éssa amavaytpdanvdéw ef the eletreoddipbftioniof thestuif dfi ci ent

i nfluences theF{Hﬁgsur ed response. Comercial systens are often calibrated
and built such t the nom nal sensor response (faradaic current) to a

gi ven anount of gl UEIGSE411S afeaxpRidadliews bf diBMathve kit Sirps aéedifig ©i ents renai n
fixed. Unfortunately 10 both the tenperature and hematocrit (HCT) of each

i ndi vi dual sanpihé PESEEiNVER&PD- of f ecti ve diffusion coefficient of the

el ectroactive species being neasured. If these factors are not considered,
the gl ucose neasurenent can be in error for any tenperature or hematocrit
value differing fromthose used in the calibration of the system 15 In this
exenpl ary techni que, the system determ nes the faradaic



response of an el ectrochem cal sensor due to an analyte of interest, and
provides an estinmate of the actual, effective diffusion coefficient of the
speci es undergoing the redox reaction at the el ectrode surface. In
particular, the system conpensates for diffusion coefficient variation by
usi ng two vebemanoe®m 20 systens (preferably of differemCwyespisiposed to
the sane reagent-sanple m xture. Soluble, electroactive species, such as
the redox nediators commonly enployed in glucose biosensors, diffuse to a
pl anar, macro- electrode yielding a current response to a potential step
according to the Cottrell equation (1)., rtD 25 ip = nFApC so that (la) I|im
I =0 (Ib) where nis the nunber of electrons involved in the electron
transfer, Fis the Faraday constant (96,485.3 C/equivalent), Ap is the area
of the nmacro WD 2004/ 113910 PCT/ US20Q4/ 019576 10 el ectrodes in contact with
the solution, Cis the concentrati onP8¥rPH@Ranalyte in the sanple, Dis the

effective diffusion rpeipuflosbt ;%m&ttl‘% ARAASAndiAESE the prindplbd & the Ur r ent
response at the macro-el éctrode.” It will simlarly be understood by those of

skill in the arpresenbinventien.geferappwdknoyf bea mededo gherpmbodiseantssilipgiratede sane
potential step at 91@% = ] . ' r esponse
characterized b@ t}équa ﬁgﬁaﬁzs?g&ﬁ%gﬁ%&g@%lg %%%S%E?DS%S,[ §ttﬁ?§a§§°' ﬁ?, =ra kml,
= nFA CD (2bj Wwill, bevertheless(be undenstood\thaf o lithiatenef thefscofgeeftiecr o- el ectrode, v
Is an el ectrode. shape- ndent . 10 accessibility fact nd i..,, i's the
current respons@vgﬁg?H%E%EQ%%E@F%%??%é%? ng 4 f "?SFQ%%@ﬁPE&Qﬂw|n equat i ons
(I'b) and (2b), tdsexihed vEANStraAcd dotidbdindnkts, Gideanlyl fiirther applications of the

principles of the invention as illustrated therein are contemplated as would

normally occur to one skilled in the art to which the invention relates.

10  Introduction
Generally, the test strips of the present invention provide for testing of
an analyte in a bodily or other fluid using multiple electrode arrays that
perform different functions or have different response functions with the
sample. One particular embodiment involves the combination of macro-

15  electrodes and micro-electrodes that operate in respective pairs, but contribute
information for a final determination of the analyte concentration, such as by
having the information obtained from one electrode pair being used to
compensate or correct the results obtained from the other electrode pair, or by
combining the responses of the electrode pairs in a predetermined fashion.

20 These electrode arrays may also be combined in a wide variety of other
ways to accomplish multiple related functions, including analyte
concentration, detection of hematocrit, determination of correction factors, as
well as sample sufficiency and dose detection, all on a single strip and in an
extremely small space. Alternatively, by using multiple arrays with different

25  sensitivities to interferents, one may exploit the two measurements to provide
a more accurate result, as would normally occur to one skilled in the art.

In various embodiments, different electrochemical excitation
techniques (for example, DC, AC phase, AC amplitude, or combined DC/AC)
are applied to these different electrode arrays to achieve the desired goals.

30  Examples of such techniques are well known in the art, and are further



l ong that the condition of "sem-infinite" or "steady-state" diffusion,
respectively, can be established at the el ectrodes in question. One

enbodi ment woul d apply the sane potential between (a) the 15 planar, nacro
el ectrode and a counter/reference el ectrode, and between (b) the mcro

el ect rode(wp Bogisaunt er/ ref erence el ectrode. The tinepdpaRASiMos7eCUr I ent
response woul d then be measured at several time-points follow ng potential
application at both macro and m croel ectrodes. An analysis of ip =1f (i)
woul d produce slope,,, as in equation (3), while the sane analysis 20 of i,
=f IJ wuld yield an |ntercept,, as shomn in equation (4). slope,, =

nFA, ,C ,1= (3) intercept, = nFA CD (4) ro Gven that in this invention
both ip and i, are derived fromthe sane reaction and sanple, it is

possi ble to cal cul ate an apparent diffusion coefficient WD 2004/ 113910

PCT/ US2004/ 0195#emplifiedfin thet Afe Extitation eprihicatiopawhigh masincprpgratgsieaboess i n t he

devi ce, indepewﬁggkrn the concentration of the species according to
equation (5), & THe areas of the two el ectrode types, A and Ap, as
wel | as the radius o%otH&eamilany mbBGQHemdﬁﬁ)SI)sates f@ vaaateonkofdiffusioror exanpl e, a

spherical m croel trod tercep AV (5 ope, r. A, Once D
i s estimated, i‘foc Lifnse Q%ﬁchgac}ie Hﬁ%@ﬁp%fesalﬂfl\gg‘?ﬁ%ﬁqt T“J\?o?i'g%‘cto provide a
correction for éda@nma@umedeagamm%eﬁbﬂr&fe,su&ce@tcdrhaueeﬂom pr?@llaam' cal
species. Sone enbodi nents sinp use the estimted value of D in equation

(3) to cal cul afiffuston ofifhsse spegiss é?‘lﬁhﬁ ¥elpeyof the diffupign peefticigpfipiliencesg
unconpensat ed l@eﬁﬁsgu?éd'reéﬁohéa @oﬁﬁnerém%gmpme eﬂa{m'bpﬁ@aarn%uﬁ@nsors whose

current response is largely described equation (1). is al so
not ewort hy t hat swlhélat:tbc nersinalongngos respm&eﬁfenad@mumt)tthe &\@uwoumt ofariation in

Er (()SI 4oy L;”Pﬁ;@g&bfsf @et% ?lg?}f(;t%lé diffu 15{? Qi RN xR DnkorhdiGiefyOr €CLION 1S

10  both the temperature and hcmatocnt (HCT) of each individual sample alter the
effective diffusion coefficient of the electroactive species being measured. If
these factors are not considered, the glucose measurement can be in error for
any temperature or hematocrit value differing from those used in the
calibration of the system.

15 In this exemplary technique, the system determines the faradaic
response of an electrochemical sensor due to an analyte of interest, and
provides an estimate of the actual, effective diffusion coefficient of the species
undergoing the redox reaction at the electrode surface. In particular, the
system compensates for diffusion coefficient variation by using two electrode

20  systems (preferably of different types) exposed to the same reagent-sample
mixture. Soluble, electroactive species, such as the redox mediators
commonly employed in glucose biosensors, diffuse to a planar, macro-
electrode yielding a current response to a potential step according to the

Cottrell equation (1).

25 i, =nFA,C -l—)? 50 that (1a)
\’ 7

lim i, =0 (1b)

1-34(e0)

where »n is the number of electrons involved in the electron transfer, F is the

Faraday constant (96,485.3 C/equivalent), A, is the area of the macro-



dependence of the two electrode pairs on the chem cal properties of the 15
sanple. In each of the strips illustrated herein, an electrode array is used
to neasure an anal yte, such as glucose, in a sanple. Wen the sanple
reaches the array, it conbines with reagent that is placed adjacent to the
array to woesudsefertain properties of electrical i npaciunaeosotostdle presence
of a certain 20 electrical signal, as is understood in the art, which

i npedance is used as a first datum Another array, either upstream or
downstream fromthe first array, but preferably not covered by a reagent,
is used to provide another electrical stimulus to the sanple, and the

el ectrical response at the array is use as a second datum affected in a
known way by an interferent, such as hematocrit 25 tenperature, or the liKke.
This two data are conbined to yield a corrected analyte concentration

val ue. The two elacirages irceomtagewiils thd selttioh € is thesondentration of dheadnglyte in si ngl e
sanple in a co n.vol f || digensi . / 10

PCT] US2004/ 01 08aresampls, DK e efivi affiiio ic8%1%§1>@/§tt°g%§e s?%é%%%g@é#l{é?nvent i on

rel ates to a syairentrédpariseiasthegatioleldcabdassessi ng an analyte in a sanple
fluid. The systemipcl.udes. deyice nd, met hods f.or. eval uating the sanple
fluid for the targe?t‘ﬁlﬂéfwagly\{’?ﬁggeésg?mé‘fﬁ?iﬁ@ﬂﬂ%ﬁ’@é‘nﬁﬂlgﬁ detecting the
presence of 5t heespbade)f ehebsafRispecidsid the sihiep@emesty &tamidrodlectiode anal yte.
The analyte and the sanple fluid may be any for which the test systemis
appropri ate. Fd’YO%WE]G%HS‘T“"esR%‘Psﬁﬁg%I?‘E‘?P %PW‘I‘&“B‘? &erred enbodiment is
described in which the analyte i | uc nd the sanple fluid 10 is bl ood
or interstitial fluid. Hawewsa,C +&£‘§a§§sd thwent i on cl eged)y i s not so
limted in scope. Sensor One coppbnentr,of the systemis an el ectrochemni cal
sensor including a sanple-receiyvi rbq chanmber for the sanple fluid, and a
reagent for producing an iy, ; _IFACD (2b)

o) T,

where A, is the area of the micro-electrode, v is an electrode shape-dependent
10  accessibility factor and i; is the current response at the micro-electrode at the
micro-¢lectrode. In equations (1b) and (2b), t(eo) means a time sufficiently
long that the condition of "semi-infinite” or “steady-state” diffusion,
respectively, can be established at the electrodes in question.
One embodiment would apply the same potential between (a) the
15  planar, macro electrode and a counter/reference electrode, and between (b) the
micro electrode(s) and counter/reference electrode. The time-dependent
current response would then be measured at several time-points following

potential application at both macro and microelectrodes. An analysis of

i,=f [—}j would produce slope,, as in equation (3), while the same analysis
t

20 ofi=f (—%) would yield an intercept, as shown in equation (4).
t

slope,, = nFAPC\/% 3)

nFA,CD
¥t

o

)

intercept, =

Given that in this invention both i, and i are derived from the same

reaction and sample, it is possible to calculate an apparent diffusion coefficient



15 el ectrochem cal signal in the presence of the test analyte. The sensor
preferably conprises a disposable test strip, particularly one having a

| am nar construction providing an edge opening to a sanpl e-receiving
chanber. The reagent is disposed within the sanple-receiving chanber in
posi tion tywops@Yized the electrochem cal signal to a warhusag4mhesed r ode al so
positioned within the 20 chanber. In appropriate circunstances, such as for
gl ucose detection, the reagent may contain an enzyne and optionally a

medi ator. Meter The sensor is used in conbination with a neter for

determ nation of the presence and/or cgncentration of the analyte in the
sanple fluid. The 25 neter conventionalﬂ& i ncl udes a connection with the

el ectrodes of the sensor and circuitry to evaluate the el ectrochem cal
signal corresponding to the concentration of the analyte. The neter nmay

al so i ncl ude nefantheflsetrocheminally rraetingspesiestin theglgmisp.andependgnttddhebeen recei ved

by the sensor, I G d i cd.ent for
testing. The m‘?g?eﬁwég’ir’“c%ﬁ?sﬂw%@%&%?@?“@%gB‘Elﬁiggéf‘%m%%%%@ztgg4/ 019576 13
and di spl ay t hetwoedastrdde typest Agandidg) ysswell asahe raelips af the mmerbiclestrgde@®)ovi de t he
data to a separate, device. Analyze - Characteristic.,The system can provide
ei ther a quali t@yvES™ éﬁ’éﬁ’faﬁpﬁiiaﬁghqnﬁcai"@ﬁ'foleﬁﬁmc% *%a;'t he anal yte. In one
embodi ment, the systemingjcates gi y the presence of the analyte in the
sanple fluid The systenﬁqe gﬁsn—fggiide a reading of th@ quantity or
concentration of the anal yF&®%n thedsanple fluid. In a preferred

enbodi nent, it AS feature of the present inventi t hat ighly accurate
and precise reg e%lso ‘E‘E“F.‘Sd’éin%ﬁ“yb él&)clgﬁ(l:neﬁf"}l&é??r% d&sgregg’fvysnce’gfogﬁ Anal yte -
Type The syst em ¢@reuti@f for themieabuied chatentmaiingd, ofithe keleatrovhel@iculospeaésy Of

anal ytes. The tgst strip, for. exanple, s readil dapted for use with any
sui t abl e chem s§9‘9e FrpoRcinagys ﬂﬁlpﬁs"éngﬂ‘f’ﬁs"é{g%tﬁcg‘éﬁ‘f%élg}"eeglﬂmoé‘ (g)ftot he anal yte.

Most calculate C. Such a determination of C is less subject to uncompensated

10 variation in D as is common in amperometric sensors whose current response
is largely described by equation (1). It is also noteworthy that the correction is
independent of the cause of variation in D (e.g., temperature, hematocrit,
viscosity change, etc.)—the correction is provided by the different functional
dependence of the two electrode pairs on the chemical properties of the

15  sample.

In each of the strips illustrated herein, an electrode array is used to
measure an analyte, such as glucose, in a sample. When the sample reaches
the array, it combines with reagent that is placed adjacent to the array to
provide certain properties of electrical impedance in the presence of a certain

20  electrical signal, as is understood in the art, which impedance is used as a first
datum. Another array, either upstream or downstream from the first array, but
preferably not covered by a reagent, is used to provide another electrical
stimulus to the sample, and the electrical response at the array is used as a
second datum affected in a known way by an interferent, such as hematocrit

25  temperature, or the like. This two data are combined to yield a corrected
analyte concentration value. The two arrays can be used at the same time to

analyze a single sample in a common volume of very small dimensions.



preferably, the systemis configured and used for the testing of an anal yte
in a 15 biological fluid. Such analytes may include, for exanple, glucose,

| actate, wurate, ketones, etc. Conmensurate nodifications to the systemw ||
be apparent to those skilled in the art. For purposes of explanation, and
in a partwewdoaiizyiopr ef erred enbodi ment, the system i PCTASEIUIIEFT6OM t h
respect to the detection of glucose in a biological fluid. 20 Interferents
Test met hodol ogi es nay be variously affected by the presence of

interferents in the sanple fluid. For exanple, the testing for glucose in a
bl ood sanple may be inpacted by such f ors as bilirubin, hematocrit, uric

aci d, ascorbate, acetam nophen, gal actost, naltose, and |lipids. The present
25 systemis adaptable to mnimze or elimnate the adverse effects of
interferents that al so be present in the sanple fluid, These effects
may be addressé@ﬂﬁﬁgﬁé§§58%¥iate sel ection of test materials and paraneters,
such as by the sg{ggtion of chem stries that are known to be inpacted |ess,
or not at all, by possible interferents. They nay al so be addressed by

sel ection of two or TkePeesgn inveadenrelates g systgetheiig pesfud florjagessing@l ti vities to

the interfer entma%ti?agggﬁg%%%l%#Sy%%&gg{dg%ggc?s %&ﬁg&%{ 019576 14 the

sane sensitivity re s known 1 n the art, other
steps nmay al%so dyelubtaigethe samplefhidiortthe frgstanalyte. | Theavhleatemtmayfheget s, such as
the wuse of coatings aor filns that. prevent the interferent fromentering the
test zone. Ina%%lgftfcgw,gt AR A en@a'][eyge ?ﬁgtegngw}%ed%)nﬁ%’ﬁ?{“ﬂh?fgti ons or

i nterrogation Shemdahael STieomalye: dnd etk sapRifidinggbd hiey fof whieh tieftestnt er f erent s.
Fluid Tvoe The systemi s useftg with a wide varie of sanple fluids, and is

preferably usedYFEP 1§ fRPIoRMal. tiop Rurgeses Ataxplagationpnly, BipmfEidcal fluid. In this

context, the teqmmBodihék RGleS@ibed inibidch the Gh4IFE & AHsORNE sahple filidwhi ch the 10
anal yte can be neasured, for exarrﬁl , interstitial fluid, dermal fluid,
|

sweat, teall, igblopd or infasstisiel fuid) Pg?"%ﬂhﬂrwsem igyention gleatlh Aot sthe t er m
"blood” in the jmited in scope.
Sensor
One component of the system is an electrochemical sensor including a
sample-receiving chamber for the sample fluid, and a reagent for producing an
15  electrochemical signal in the presence of the test analyte. The sensor
preferably comprises a disposable test strip, particularly one having a laminar
construction providing an edge opening to a sample-receiving chamber. The
reagent is disposed within the sample-receiving chamber in position to provide
the electrochemical signal to a working electrode also positioned within the
20  chamber. In appropriate circumstances, such as for glucose detection, the
reagent may contain an enzyme and optionally a mediator.
Meter
The sensor is used in combination with a meter for determination of
the presence and/or concentration of the analyte in the sample fluid. The
25 meter conventionally includes a connection with the electrodes of the sensor
and circuitry to evaluate the electrochemical signal corresponding to the
concentration of the analyte. The meter may also include means for
determining that the sample fluid has been received by the sensor, and that the

amount of sample fluid is sufficient for testing. The meter typically will store



context of the invention includes whole blood and its cell-free conponents,
nanely plasma and serum |In addition, the systemis useful in connection
with reference fluids that are used in conventional fashion to verify the
integrity of 15 the systemfor testing. In a preferred enbodi nent, the
system i s wopbaMedid or the testing of glucose. The sargieszbéanigs7én this

i nstance may specifically include, for exanple, fresh capillary blood
obtained fromthe finger tip or approved alternate sites (e.g., forearm
pal m upper arm calf and thigh), fresh venous 20 bl ood, and control
solutions supplied with or for the system The fluid may be acquired and
delivered to the test strip in any fashfdn.  For exanpl e, a bl ood sanple may
be obtained in conventional fashion by incising the skin, such as with a

| ancet, and then contacting the test strip with fluid that appears at the
skin surface. |andidisphy thesieandts obthetandyss, esmay altematively provide thedata tthe t est
strip is useful_w y.small fluid sanples. It is therefore a desirable
feature of the ?%%&%F¥§%¥%hat only a slight incising of the skinis

necessary to prodédaaytheChapdatpristiof fluid required for the test, and the pain
and other concerns w th such nethod .can be. mnimze r_elimnated. WO
5004/ 113910 PCTI US2008 FEHgR 5 Pr%‘ge Ef*&&?ﬂ%"g‘é‘”’?vﬁl"%%‘fa?'g@ verpdications i vent i on
relates to an "R tehhdeBeld orlentbdntent, thewpsten indicakesdinple ¢he peesdhidegur ed to

detect the presence apd/or, neasure the concentration qQf an 5 analyte by way
of el ectrocheni ¥dhe F ithssamp ﬁ‘@é‘u@ﬂqsdﬁte@éﬁ%'t WHRIOViAE hfed 58? sensor,

and/ or devel opn@gfutity?\eRRRkratth o Hiéfaﬂ@l?te'iﬁlﬁférs&n etfiid) ThRAQrefeddit i on. These
reactions are transduced to an electrical signal that can be correlated to

an anount or cofERadirpentiibiy adgatymp ef the Rrejens inveptionithalta highly grcurateeandf or e

includes an el e%ﬁ%q%§%$5ﬁm W&@Cé}ﬁmﬂ&n ;s688ineg Working el ectrode 10 and

a counter elect n the sanple receiving chanber. The sanple

recei vi ng cHanber Anglytonfyngur ed such that sanple fluid entering the chanber

s The system is useful for the determination of a wide variety of
analytes. The test strip, for example, is readily adapted for use with any
suitable chemistry that can be used to assess the presence of the analyte. Most
preferably, the system is configured and used for the testing of an analyte in a

15  biological fluid. Such analytes may include, for example, glucose, lactate,
urate, ketones, etc. Commensurate modifications to the system will be
apparent to those skilled in the art. For purposes of explanation, and in a
particularly preferred embodiment, the system is described with respect to the
detection of glucose in a biological fluid.

20 Interferents

Test methodologies may be variously affected by the presence of

interferents in the sample fluid. For example, the testing for glucose in a
blood sample may be impacted by such factors as bilirubin, hematocrit, uric
acid, ascorbate, acetaminophen, galactose, maltose, and lipids. The present

25  system is adaptable to minimize or eliminate the adverse effects of interferents
that may also be present in the sample fluid. These effects may be addressed
by appropriate selection of test materials and parameters, such as by the
selection of chemistries that are known to be impacted less, or not at all, by
possible interferents. They may also be addressed by selection of two or more

30 reagents that have differential sensitivities to the interferent, but substantially



pl aced in electrolytic contact wwth both the working el ectrode and the
counter electrode. This allows electrical current to fl ow between the

el ectrodes to effect the el ectrooxidation or electroreduction of the
analyte or its products. 15 In the context of the present invention, a
"wor ki ng elweebeQi®io i s an el ectrode at which anal yte per/ps2eumds7s s

el ectrooxi di zed or electroreduced with or w thout the agency of a redox
medi ator. The term "counter electrode"” refers herein to an el ectrode that
is paired with the working el ectrode and through which passes an

el ectrochem cal current equal in magnitude and 20 opp05|te in sign to the
current passed through the working el ecttode. The term "counter el ectrode"
is neant to |ncI ude counter electrodes that also function as reference

el ectrodes (i.e., a counter/reference or auxiliary electrode). Electrode
Mat eri al The \Aothksa’q;p sndtivbita theranalytecaf inserest; Agngiknoma mdmtnbthgr portions of
the 25 electro t e, f ials, as
known in the as?{p. %ﬁi/ea?s g}be%%n B)e%eafs)ﬁ %Fs{?ge\r/%ég&?{elﬁa%%ée{uc otg/avéel ectrical
resi stance and ussbﬁcﬂaﬂngssoréilmethat)phm&mliﬂltyrférmarftonomﬂmnghbempieuoadz| ng range
of the test str Sui t .CO ct he wor k| el ectrode include
gol d, pall adiu dﬂ’lug?ll?l cagg?thB:I:n e?‘?cfrﬁ m#lgwap?{grﬁr TMea4He, iri di um
and i ndi um t3 n QRXHEE can Be 8%d W ininidSreAhd Bt ofShteHeramst he conductors di scl osed
in the Anal yte Sensors WD 2004/ 113910 PCT/ US2004/ 019576 16 application,

whi ch was i ncor poE&i$EY2®hove by reference. The counter el ectrode may be
made of the sane or ’ﬂiesg'ﬁélﬁ'fktusgﬁi@Edl%lvﬁde¢£1e@'&rs%ﬁ5mﬁis A&@hodi ment, both of
the el ectrodes are gold el ectrodes. El ectrodeée ITcation b The el ectrode
systenms utilizepfe mecé)f%élmﬂetqcmremanelmmabe ogispl fluidi Intthist he base
substrate in anptas M AbioWka! i ShaLdes APBod AR Fne cONduct i vi Ly
and integrity. enpl ary processes are we In the art, and include,
for exanpl el0 spanatyes ¢andpe mpasuned, fg, exemple, interstitiplfhids demmhl ﬂmkiodvtmant t he

el ectrodes and Ogrgeurnn(éoarﬁgnlilc% Imed splnglo irl"uelcllnl arvd B1054. plch%\{érgne‘%lob ? ?not%y ng a

context of the invention includes whole blood and its cell-free components,

namely plasma and serum. In addition, the system is useful in connection with
reference fluids that are used in conventional fashion to verify the integrity of
15  the system for testing.

In a preferred embodiment, the system is employed for the testing of
glucose. The sample fluid in this instance may specifically include, for
example, fresh capillary blood obtained from the finger tip or approved
alternate sites (e.g., forearm, palm, upper arm, calf and thigh), fresh venous

20  blood, and control solutions supplied with or for the system.

The fluid may be acquired and delivered to the test strip in any fashion.
For example, a blood sample may be obtained in conventional fashion by
incising the skin, such as with a lancet, and then contacting the test strip with
fluid that appears at the skin surface. It is an aspect of the present invention

25  that the test strip is useful with very small fluid samples. It is therefore a
desirable feature of the invention that only a slight incising of the skin is
necessary to produce the volume of fluid required for the test, and the pain and

other concerns with such method can be minimized or eliminated.



10 base substrate and then renoving selected portions of the coating to
yield the conponents. A preferred renoval nethod is | aser ablation, and
nore preferably broad-field |aser ablation, as disclosed in the "Mthod of
Maki ng a Biosensor" application, which was incorporated above by reference,
and furthwo2emehesant di scussion is found in U S. Pat ercT/O$0040ae876 on Nos. 15
09/ 866,030 (entitled Biosensors with Laser Ablation Electrodes with a

Conti nuous Coverlay Channel,"” filed May 25, 2001) and 09/411,940 (entitled
"Laser Defined Features for Patterned Lam nates and El ectrode,” filed

Oct ober 4, 1999). Various other nethods, of fabrication and application are
well known in the art for providing t hel%l ectri cal conponents, and
particularly 20 the el ectrode systens, described herein. Reagent
Conposition The test strip includes a chem cal reagent within the sanple
receiving chafBtrodesr reacting with the test analyte to produce the

el ectrochem cal Ek&ﬂﬁkg%ﬁ@t represents the presence of the analyte in the
sanple fluid. The tes chem stry is selected in respect to the analyte to
be assessed. As is Vklinveitinouelaiento dne‘ekertrochemiakbseasas”, widrioadedéreni stri es

avail abl e for use.w e vari o anal S, | i but not limted
to the preferr (ggg%%ué%%{]tgtd?{%gc}ggs%rre ?egéeda n%?oﬁ nbeaaf%%ﬁ"eézglﬂ)ﬁ%ﬁc%&n% Witled " Reagent
Stripe for BestanSyteihy'wdyadf elottneherdivalkexidation pidbreduotiod 1éabigns withircthe i s bei ng
filed on even date herewith. The selection.30 of .an appropriate chem stry is
therefore wel | SPPRiFAVOREEVE P@Fntioimtoﬁgn%ﬂtf’fc d\}ﬁeﬁdg‘%“i%glo

PCT/ US2004/ 019%éfutiod. /Thest tdaetiontl @@ Grahifuc&itoag eRcRichlsighal thiteghbé €d i n order to
enabl e one to nake and wuse the present invention. For purposes herein,

however, a pref<SFeiateddpamensher Goaceatiation ofdbe amslytsynheriest ffEPanal yte is

gl ucose, al t hoyghefote inSlulidd aRBleHRGHR s$tR CotP@ding NGeBCLRELRg cleetrbie 1 nvention,
and of the clains, is not so limted, unless specifically indicated. In the

case of gl uldosendpiveuniensleptrodeonifimthetsemple rededvingeehambereffhesampplei | | typical ly
include an enzygr;§;0f EOS Softiied sh@R%: TRMeH A entelts tRIG%HBer is

placed in electrolytic contact with both the working electrode and the counter

electrode. This allows electrical current to flow between the electrodes to
effect the electrooxidation or electroreduction of the analyte or its products.

15 In the context of the present invention, a “working electrode” is an
electrode at which analyte or product is electrooxidized or electroreduced with
or without the agency of a redox mediator. The term “counter electrode”
refers herein to an electrode that is paired with the working electrode and
through which passes an electrochemical current equal in magnitude and

20  opposite in sign to the current passed through the working electrode. The term
“counter electrode” is meant to include counter electrodes that also function as
reference electrodes (i.e., a counter/reference or auxiliary electrode).

Electrode Material

The working and counter electrodes, and the remaining portidns of the
25  electrode system, may be formed from a variety of materials, as known in the
art. The electrodes should have a relatively low electrical resistance and
should be electrochemically inert over the operating range of the test strip.
Suitable conductors for the working electrode include gold, palladium,
platinum, carbon, titanium, ruthenium dioxide, iridium, and indium tin oxide,

30  as well as others, such as the conductors disclosed in the Analyte Sensors



oxi di zes glucose in the sanple, and the nediator in turn reacts with the
reduced enzyne. The nedi ator thereafter shuttles the redox equival ent of 10
anal yte product to the electrode surface by diffusion. There the nediator is
oxi dized quantitatively at a defined anodic potential and the resulting
current iwoh&l4Aaiwih to the apparent gl ucose concentr atponus2édumesiare a
nunber of reagent systens suitable for the detection of glucose, and
exanpl es of these are contained in the AC Excitation, Analyte Sensors, and
Bi osensor 15 applications, U S. Patent Nos. 5,385,846 and 5,997,817, and

U S. (Reissue) Patent Application No. 10/008, 788 ("El ectrochem cal

Bi osensor Test Strip"), which are hereﬁ)?/ i ncor porated by reference. The

gl ucose chemstry utilizes the redox nediator to nediate a current between
t he working el ectrode and the glucose analyte, which otherwise is not 20
wel | suited forappicasion, higk Wesmpernprater abavg byirefarcare. atheapuwer ode. The

medi at or functi & ﬁénﬁgbgk’ﬁ %Ed'n%rlﬁf ordd erfaﬁatln§§if'érfénl s el ectrons
bet ween t he ana e an rode. grea nunber redox species are
known and can émbammehtamth hﬁhc eimdeajé paldelectrodegeneral , the preferred

redox nedi ators ar@ ;gAdI { ﬁeduci bl e and oxidi zabl e mol ecul es. Exanpl es

i nclude ferricyan aniline and derivatives thereof , and

ferrocene angl its derhe\/e@éctrwesystehmﬁmeewmep‘isdaﬁmmVéﬂﬁo@ﬂey@samiedof t he
present invention, a first pair of electrodes rovides a first neasurenent

that i s conbi ne@thﬁ?‘i‘?eé“@%tﬁﬁﬂa%%%‘tﬂnéh%ﬂ%ddsc‘?ﬂﬁc pirs QP! afedHts second pair of
el ectrodes. As gdr@udtRMSland HRSEiEy. tmemperﬁ&oé‘éawé%fswanelov&nqﬁkhéﬂl p enploys at

| east two pairs of el eCtrodes (‘each, e.q., WO 2004/ 113910

PCTI US2004/ 019578l inalgdssénriexaigple) seemma@r@ﬁag a@t%dnﬁtpefrfcmdemhoéu@nht 0
determne the angleibfoads BFERE/RhARAVE SO BRRiABG baReQl (he anal yte
with a reagent [ocat e on or jacent 0 e of th ect ode Eal rs. A basic

measur enent 10f bztsesmuhtytaedﬂ@mmngatwndp@tlbmfewoebmaﬂom@dthelomever it
s of ten desi rapl g o, €OkT EGknOromofiR HRBIAN ek Wbl AREEHEN o1 Ot her

factors, such as
preferably broad-ﬁcld laser ablation, as disclosed in the “Method of Making a

Biosensor” application, which was incorporated above by reference, and
further relevant discussion is found in U.S. Patent Application Nos.

15 09/866,030 (entitled “Biosensors with Laser Ablation Electrodes with a
Continuous Coverlay Channel,” filed May 25, 2001) and 09/411,940 (entitled
“Laser Defined Features for Patterned Laminates and Electrode,” filed
October 4, 1999). Various other methods of fabrication and application are
well known in the art for providing the electrical components, and particularly

20  the electrode systems, described herein.

Reagent Composition

The test strip includes a chemical reagent within the sample receiving
chamber for reacting with the test analyte to produce the electrochemical
signal that represents the presence of the analyte in the sample fluid. The test

25  chemistry is selected in respect to the analyte to be assessed. As is well
known in the art, there are numerous chemistries available for use with each of
various analytes, including but not limited to the preferred chemistry described
in patent application titled “Reagent Stripe for Test Strip” (attorney docket
number 7404-566), which is being filed on even date herewith. The selection

30  of an appropriate chemistry is therefore well within the skill in the art, and



tenperature, the presence of other species in the sanple fluid, and the
like. In one enbodi nent of the present invention, there is provided a

bi osensor and nethod which enploys two pairs of el ectrodes, one to nmake the
basic neasurenent of the analyte and the other to provide such correction
or 10 conpgpsalhwef or the basic nmeasurenment, in sone pastsa0@@sste® yield a
final neasurenent figure. The use of two pairs of el ectrodes nay involve
the use of disparate electrode sets, in which one pair conprises

macr o- el ectrodes and the other pair conprises mcro-electrodes. As used
herein, the term macro-el ectrode refers 15 to an el ectrode whose primary
effective diffusion characteristic is Herpendi cular to the surface of the
el ectrode. Macro-el ectrodes are dinensioned and arranged so that the
primary diffusion characteristics are |linear diffusion characteristics. The
t erm m cr o- el eclurthetelescaiptionsherein ¢ not tequigkssin ordehtosingbla gne trmakegedt |
steady-state, 0 asi - st -state diffusion on the 20 characteristic tinme
scal e of the rredélsgg’lréé)?réesﬁ ."%%gér{r?r(?fro-el ectrode is an electrode to which radi al
di ffusion provi des &osp@podes hatin, dvieserah pferfed etmbedimeasisdessdbédinct i on.

M cr o-el ectrodes,. for exanpl can, pe di.nensi oned an sitioned such that
their primry i%%&ﬁé@ggg?égﬁoé?’iaﬁ?“@g 143 @Sbfﬁléfﬁ%fﬁtf’gﬁ@&?’ﬁ SCoRP OEdge-to- edge
kinetics, e.y.,thORNVYRRA, indef BRVILHE, SIS liftited, Ralekd PaafisallyVhdieardh of this
functionality will be discussed with respect to the exanple enbodi nents

shown in the driaiergse olghost igrretrecommonatsRf theestiehemisg Mt r odes is that
these devices tqg@galgﬁna@&fdn%&ﬁﬂe%?gme&%raﬂ& §|§Ed¥)9nié@fa}6r.r @hé ymkeach a

quasi -steady state current” flux~at the electrodes, for exanple in as
little as 0.50 exidizgsziicosednthbssamply, and the/mediatar indum reastiwign@ehal f second.

Thi s rapi d acausichon ol HHe Nl alHO S04 B AKE FCTLSR004 019576 19

state all ows for nore accurate determnatron of anal yte
concentrati th. anhlys predwcbtotthadt@mdesirfacpby diffusion. Tpgre dmahliatortis ch have, for

exanpl e, estimafed, o quRlithifiely’s a'ddBnddR ol pAERET aM it E2hiNGRuten before a
is related to the apparent glucose concentration. There are a number of
reagent systems suitable for the detection of glucose, and examples of these
are contained in the AC Excitation, Analyte Sensors, and Biosensor

15  applications, U.S. Patent Nos. 5,385,846 and 5,997,817, and U.S. (Reissue)
Patent Application No. 10/008,788 (“Electrochemical Biosensor Test Strip™),
which are hereby incorporated by reference.

The glucose chemistry utilizes the redox mediator to mediate a current
between the working electrode and the glucose analyte, which otherwise is not

20  well suited for direct electrochemical reaction on an electrode. The mediator
functions as an electron transfer agent that shuttles electrons between the
analyte and the electrode. A great number of redox species are known and can
be used as the redox mediator. In general, the preferred redox mediators are
rapidly reducible and oxidizable molecules. Examples include ferricyanide,

25 nitrosoaniline and derivatives thereof , and ferrocene and its derivatives.

Measurement Scheme
In one aspect of the present invention, a first pair of electrodes
provides a first measurement that is combined with a second measurement
obtained with a second pair of electrodes. As previously described, a

30 conventional test strip employs at least two pairs of electrodes (each, e.g., a



guasi -steady state is reached. 5 A further advantage seen in sone

enbodi nents of the invention is that the quasi-steady state response to
application of a DC signal is at a higher nagnitude than the quasi-steady
state in many prior art systenms. This inproves the signal-to-noise ratio of
t he si gnal wot2zomzi®a@bl i ng the systemto provide a norecausmwoaiiesrsesul t. 10
A still further advantage seen with the interdigitated arrays of el ectrode
fingers used in sonme forms of the present invention is the dramatically

i ncreased el ectrode edge | ength that can be achieved within a given space.
Dependi ng on the design, results can be gerived in those systens with
smal | er sanples, yet achieving the same quality of results as systens
requiring larger 15 sanples. It is noted that equations can be derived and
used for the various _mcro-electrode configurati, as woul d occur to those

: on
of ordinary ski Wprking glggirodegnd agoppipr ‘il?ﬁt@d@itgé?té‘%‘m’ee&’ﬁﬁﬁlaliﬂﬁe AC Excitation

appl i cat i on, whiGeififion bAESGRANR! RecBALY oy BWAENSrent locksa 8 SO possi bl e

to use enpirical 20 neasurenments to directly détermne tThe response function
of the el ectr octrsijcertione of the elaeteasle peiss ehbasiqmeaspiemsaiaddhe analyitgn. 1t is

noted that  nei Lfer, ARoANNGelSRa! TR0, Bls I dEGRBRNS Eoduligs | ONS, nOT
attai nment of a  steady-state’current are nécessary for inproved system
performance.5 Cesmpeabatdédhstomeastremant-foSitherdaaiors, sBéh sthemptoesgnt | nventi on

provi des el ectrode structures an stens that are.useful in a_w de variety
b °bi osensor - deiprEERIrIEITERE o Hepe i 5% e SPYR and e e
configurations bidmbbaiimemsbf tht prebdb@invention] therefis prbeided £6:@8dnsor andent i on. |t

wi |l be appreciated, hoq\ﬁever, t hat .t he IDri nci pl es of tg{g fresent i nvention
are equal |y appMethaMoIchFmplays BV PHSIE plepesies 0ap o ake tBmBAsICThe WO

2004/ 113910 Pdwﬁ%péﬁﬁgﬁlalﬂé)amnéBﬁbﬂt@br&%ﬁﬂ&ié&n@&%n&i zes and ot her
characteristics of the basic bi'osensor conponents are not critical and are
t heref ore nd® | remmpenpasion for the basic measurement, in some instances to yield a final

measurement figure.

The use of two pairs of electrodes may involve the use of disparate
electrode sets, in which one pair comprises macro-electrodes and the other pair
comprises micro-electrodes. As used herein, the term macro-electrode refers

15  to an electrode whose primary effective diffusion characteristic is
perpendicular to the surface of the electrode. Macro-electrodes are
dimensioned and arranged so that the primary diffusion characteristics are
linear diffusion characteristics. The term micro-electrode refers to electrodes
exhibiting convergent, steady-state, or quasi-steady-state diffusion on the

20  characteristic time scale of the measurement. A micro-electrode is an
electrode to which radial diffusion provides a significant alteration in the
response function. Micro-electrodes, for example, can be dimensioned and
positioned such that their primary impedance characteristics are characteristic
of edge-to-edge kinetics, e.g., between the nearest edges of the fingers. More

25  of this functionality will be discussed with respect to the example
embodiments shown in the drawings.

One advantage of using the micro-electrodes is that these devices can
be configured and operated to very rapidly reach a quasi-steady state of
current flux at the electrodes, for example in as little as 0.50 to 3.25 seconds,

30 oreveninless than one-half second. This rapid acquisition of quasi-steady



VVth reference to FIG 1, generally, strip 210 has a first end 211 for
communi cation with drrvrng circuitry and netering circuitry (not shown), 5
while end 218 is adapted to receive the bodily fluid in contact with

el ectrodes as will be discussed herein. The driving circuitry provides a
known cur \6(?5004/"1‘&?(0” potential through contacts 216 anek/vR0i4e@ds3s t he
current and/or voltage response over a period of tine. The respective
signals travel between contacts 216 and the el ectrodes (shown in FIGS.
2-14) via conductors 270, 272, 274, 10 and 276. These conductors are nmade of
any, or a conbination, of a varrety of conductive materials, including for
exanpl e gold or carbon, as would be un#®rstood by those skrlled inthe art.
At end 218, notched f1uid gui de 214 is generally rectangular, with
rectangul ar notch 148 cut therefrom as can be seen in FIG 2. Fluid guide
214 15 lies onstnthellmstfstafnsterarmlyewreadcﬁra(ceadqmmjriaﬁbniefmralm her material, as
di sclosed in the "

i ncorporated atB&@ : glgeﬁ‘g%igﬁg%{]ag%ﬁwﬂ‘r?&?{/]@s’g@?ﬁ 3 Ctﬁ&li fﬁ)aé’bﬁhl cha\r/]vgs

provi des an opegiafile, etilnaled e pfoietedZhe fesult Haked dnl rdadingsqaied bdforewn f rom edge
224 toward vent 262 by capillary action. Cover layer 250 lies on top of

gui de | ayer 236‘1‘5’%‘?#1&5\?‘?@(%%‘32@3 n upper containnment for the fluid path
defined in part by &rﬁ&e?fd%ana%%%& m%Bﬁxl:’EﬁlH&ﬁﬁxeﬂ‘t‘s bf tlBgnWhishisape i n more
detail below Turning nowto continuing reference to certain
structures shothaghasi-Feg@y StLater@ipﬂnﬁﬁtgﬁpphmmwe@%mﬂrlmt@hl@l}ﬁer 212, reagent

stripe 264, flyi r e enbl ed,
passageway 248 ﬁsgﬁgﬁéﬁr neé sg?trg% s;{aefﬁ ?W‘ﬁ%g‘r %.c'@ﬁsrfaces 249, above
by bottom surfamq»ré?\'&sthecsignabmermsleagmrofme&;gmhdmlsehahh'mgyhersgagmnb stripe 264
(which lies over_ el.ectrode ‘érpfai r 284, but not over electrode pair 280) and
el ectrode regi off° %%afﬂ?r%fﬁ CTEMistrate surface 232. During a testing

operation, tthe fl ui dalbell figihtesyadagentarwith Hastadipvaled 2ddystdierugddeend 240 of
fluid gui de 214 ig,é)aSt gd ges 254 and 224 30 of .cover |ayer 218 and substrate

212, respecti velijEersise msarnaf?rglsmf&mreymmemwmmwwuszomu019576

21 increased electrode edge length that can be achieved within a given space.

Depending on the design, results can be derived in those systems with smaller
samples, yet achieving the same quality of results as systems requiring larger
15  samples.

It is noted that equations can be derived and used for the various
micro-electrode configurations as would occur to those of ordinary skill in the
art given this disclosure and the AC Excitation application, which was
incorporated above by reference. It is also possible to use empirical

20  measurements to directly determine the response function of the
electrochemical structures present in each sensor design. It is noted that
neither an analytic description of the response functions, nor attainment of a
steady-state current are necessary for improved system performance.
General Description — Structure

25 The present invention provides electrode structures and systems that
are useful in a wide variety of biosensor devices. Described herein are
exemplary test strip configurations that demonstrate the utility of the present
invention. It will be appreciated, however, that the principles of the present

invention are equally applicable in various other biosensor designs. The



capillary action into passageway 248, followi ng a path extending away from
edges 224 and 254, and toward vent 262 (see FIG 1). The capillary
passageway provi des a sanple receiving chanber in which the nmeasuring

el ectrodes and associ ated reagent are contained, and the 5 fluid sanple
cont ai ni ngwoheosanshyt e contacts these conponents of thecbusmens®ss It is a
feature of the present invention that the dinensions of the capillary
passageway nmay vary substantially. In one enbodi nent, the passageway is a
volume that is 1000 pan wi de, 100 pm hi gh, and 2000 pm |ong. O her

enbodi nents, and neasurenent of channelg generally, are 10 di scussed in the
Anal yte Sensors application, referenced Qbove. As the fluid travels al ong
this path, it comes into contact with reagent and el ectrodes, as wll be
described in further detail below On substrate 212, contacts 278 are
connect ed vi a tpaadadarzpmpesitions| sizes prshiesherzBgactaistiseofdhelasicdiessn®go ext end

per pendi cul ar | ycotnﬂ)o?laﬁs Lx%%{%}%u% anégreeﬁ%gel fé%”iﬂetﬁwzn’ parallel to edge 224

and to each other.” 'n one preferre ment | €ctrodes 280 are
rectangul ar, with a Wihgefbreseeftb FiG.dngeremlly sstmh2] Hos aisstehd 21l @t h of not ch

248, a width of at least 50.Ki.n, and.a separation reater than about 50 m
bet ween near estcom?ﬂl%a%toﬂévl’g’o@w inlgﬁlrglﬂgi' ﬁlé‘fm‘f)tre%?%(:rl?cggrye(g%éaﬁ’:)Ent, el ectrodes
280 are abow I1WRilesdndR1des adaped toredddie thé Bodilgfiuid in c3ftagivwitt eletdodés preferred

enbodi ments, el ectrodes 280 are apout 250 pmw de, with a 250 pm gap. O her
confi gurations 2rilldedisqussgthierip) Thedains siecuitryprevidesa yngyn cpifeithe art, and

may be used in {{aforPbRABAhAIHEIHOR 286 afBHbHifoRAhO burtka® hldpst vollhgeen the
design considerations for a particular strip and system Contacts 282 are

connect ed vi a tfespange OVEY aperied efdimen ddie prspectizgsignalpBave] batveandestagl84 each

comri.se Ml 1 b3 b loae AN 08 1A Shador 075 e, 2!

ext endi ng appr oxi mat e edge 2 perpendi cul'ar’ to the
center |inellbf awi2d6. Ihese cosdiwhirnage saddofi dany cordsoimbinatioh, e vaviedy of of not ch

B T et UGS S g5 0 Dl G Mo 274, O 270 1
which wi Il be dusletsssoddyithosk wkitlékin tikedriai | bel ow. I n vari ous enbodi nent s,
each At end 218, notched fluid guide 214 is generally rectangular, with
rectangular notch 148 cut therefrom, as can be seen in FIG. 2. Fluid guide 214
15 lies on the substrate layer 212 (a polyimide or other material, as disclosed in
the “Method of Making a Biosensor” application, which was incorporated
above by reference, or otherwise known in the art), and provides an opening
251 (see FIG. 2) for the fluid to be drawn from edge 224 toward vent 262 by
capillary action. Cover layer 250 lies on top of guide layer 236 and provides
20  an upper containment for the fluid path defined in part by notch 248. These
structures will be discussed in more detail below.
Turning now to FIG. 2, with continuing reference to certain structures
shown in FIG. 1, strip 210 includes substrate layer 212, reagent stripe 264,
fluid guide 214, and cover layer 218. When assembled, passageway 248 is
25  defined horizontally by inner notch surfaces 249, above by bottom surface 258
of cover layer 218, and below by reagent stripe 264 (which lies over electrode
pair 284, but not over electrode pair 280) and electrode reg}on 266 on upper
substrate surface 232. During a testing operation, the fluid being tested enters
passageway 248 through end 240 of fluid guide 214, past edges 254 and 224
30 of cover layer 218 and substrate 212, respectively. The fluid is drawn by



WO 2004/ 113910 PCT/ US2004/ 019576 22 rectangular finger in mcro-electrode
pair 284 is between about 5 and about 75 min width, with a gap of about 5
to about 75 pm between adjacent fingers. The finger w dths and the gaps

bet ween adj acent fingers are each preferably consistent across the w dth of
not ch 248 w®20b4ineing now to FIG 3, with continuing r fEVEnes/01B7¢-l G 2, a
nore nmagnified view of the electrode portion of strip 210 in FIG 2 is
shown. As discussed above, el ectrodes 280 run parallel to edge 224 of strip
210, and connect to their conductive traces 270 and 272 at opposite ends,
formng electrode pair 266. Their neargst edges 281 are separated by a

di stance 10 ("gap") indicated by ref ereflce number 286 that is substanti ally
constant throughout their length. Simlarly, interdigitated fingers 284
forman electrode  pair 268, wth alternating fingers connecting to

conduct i ve t r aceBillaryacioninoressageyay 34§, oowinga path extending 3vay §9Bws substrat e
| ayer 212, rea I fAdlif~ogw de 214, and cover |ayer
218. In this e%gégi%ﬁ??gﬂ'ﬁﬁﬁmw%?%ﬁtﬁﬁekﬁ(hégl}ggbﬂ'I ary notch 348 defined by
fluid guide 214 fir She capildarnpeassageway poviales s samplercai8ing chabayiel ect r odes 280

are connected vj.a_.conduct or 379, to contacts 378 af end 368 strip 310.

El ectrodes 280 %}F@ ‘2‘88}1?3‘?‘&% ele Sf%dr?f) F%(fasg%bagﬁdsrﬁ%ﬁgtp%g F?qu%r%ff ﬁr,‘(f)téﬁd the gap
bet ween t hers i Sluid senpideositai@ibg thepnalytSlcoghdts thedelwotdperents afithest ri p end 366 is

el ectrode pair 284, which |s two 20 el ectrodes of five fjnge each, each
finger on a si d?éosﬁ’é‘ioﬁghéso%#?é@fee%f pgesgnt 188"1?88’&9’8?“‘37“7]“‘?"61089%%&? act 382 at
strip end 368. o%ﬁiﬂﬁry?aé@@éwdyﬂn@%ﬂ&@t@ntmw In @f¥%nibodndn€Gheangl € about 20 m
in width, and each adjacent finger is separated fromthe next by a gap of
about 20 m Redijessgevsayris paoluge thabisch080 gmowide.d@8 niphigh, and 00K not el ect r ode
pair 284. 25 ' . o] o pair 280, an AC
signal 1is apg;.i Hla%q? o?ltegl%poglr%?’]8#4}??%9%.%8&82%%@%? lss%%gmyg?%l larly, for an
over | appi ngl0 pediscosbedin the Mmalytet Sensarhappbieatioh erefemnecdateivec s tedluphi r 284, a DC
stgnal 15 appligd LRSHR! Bt ARs iR o RPwih SRk cosoRRSE betveen the

will be described in further detail below.
On substrate 212, contacts 278 are connected via traces 279 to
electrodes 280. These electrodes 280 extend perpendicularly to the length of

15  the substrate 212, parallel to edge 224 and to each other. In one preferred
embodiment, electrodes 280 are rectangular, with a length sufficient to reach
across the width of notch 248, a width of at least 50 pm, and a separation
greater than about 50 um between nearest points thereof. In another preferred
embodiment, electrodes 280 are about 100 pm wide, with a 100 pm gap. In

20  still other preferred embodiments, electrodes 280 are about 250 um wide, with
a 250 pm gap. Other configurations and dimensions will occur to those skilled
in the art, and may be used in the present invention as required or desired
given the design considerations for a particular strip and system.

Contacts 282 are connected via traces 277 to electrode pair 284.

25  Electrodes 284 each comprise multiple, parallel, elongated rectangles
(“fingers™), each extending approximately parallel to edge 224 and
perpendicular to the center line of notch 248, reaching at both ends beyond the
width of notch 248. The rectangles connect at one end or the other to trace
274 or 276 in an alternating pattern to form an interdigitated series of fingers,

30  which will be discussed in further detail below. In various embodiments, each



pair 284 is used to estimate the glucose concentration in the sanple. The 30
response of the sanple between the fingers of electrode pair 280 is
sensitive to WD 2004/ 113910 PCT/ US2004/ 019576 23 the hematocrit of the
sanple, which along with a tenperature value provided by a therm stor-based
circuit prwoizdesidicorrection factor for the estimte pobusionedsmwt h

el ectrodes 284. Note that this "correction factor"” is not necessarily a

mul tiplicative or additive factor, but may instead be used in a 5 formul a,
in a |ookup table, and/or in other ways to correct the estimate based on
the tenperature and the presence or absgnce of other materials in, or
properties of, the sanple as will be undérstood by those skilled in the art.
See, for exanple, the AC Excitation application, which was incorporated
above by reference. In this enbodi nent, the. volune of bl oqQd within
capillary not chre%‘ﬁltg“f@%%ﬁrf“? W%ﬂf&%oﬁmgggﬁé’emgﬁg?ﬁg a@&é‘&?“}tgges i s about
130 nL. An alt egRat wideh, ¢ QdapBNibouss f POt 15N ul bdowedn aFaceht fifged10. Substrate
| ayer 212 is traced with two contacts 478, and is partially covered with

reagent stri pelhedingeiovidhs and the 2aprehetwiesn adjapeat Bpgsas ae Gach pyefersdly214, and
cover layer 218, 443utRbEn J:l-?fzfe” cally connected via conductive
traces 477 to b‘i)otnﬁggﬂtlagl%%sigtpsﬁpg?r cgf el ectrodes 466 and a second pair of
el ectrodes 468, one Toming novdte FIG: dnwigtncdntipaing refeserng te FHnek aobron each si de

to one of contacts.478. that . in_ thi j I ,the driyger and neter
circuitry (not g Me)d%ﬁes%'\ghgeglf‘?lt@ngporﬁlét’ﬁp?%tﬁggﬁjtnﬁpézi%%ovg' r%i ve and
measur e r esponsdisdussedatintelgradodes 280 ruepeallel aokelge 2Mpodfstdipi2i(haiid t hat t he
rel ative placenents of mcrq-el ectrog)ﬁg\?ﬁf????zo and. macro- el ectrodes 480 are

reversed rel at i $PEN§H 1 HRIr eapducH virdrages at ppRESity enappforming, o_o| ect r odes

480 are again, dedtro@Xpdirias. ThBI Wbarese @ddei D8 Nare Wepdtdled byt Hididtagiap Of about 250 m
bet ween them each electrode in mcro-electrode pair 466 i s made of

Al so
five finger t hagapa) Bdicaedpyiredsrenae symper 236thas is spbsigntially copstae ot her

el ectrode of thg.dy 'Jutth'e::ﬁ@éhgfﬂ. NGRSy iﬁ&ﬁigﬂa@@ﬁHﬁer@QSﬁohﬂ ageledrglch With a
gap of about 20 m between nei ghboring fingers. In this enbodi nent, reagent

stripe 464 covepar 28evith Jipnabiag fingggconyegting to conductive traces 274 and 276.
Turning to FIG. 4, strip 310 shows substrate layer 212, reagent stripe

364, notched fluid guide 214, and cover layer 218. In this embodiment, fluid

15  entering capillary notch 348 defined By fluid guide 214 first encounters
macro-electrodes 280. Macro-electrodes 280 are connected via conductors
379 to contacts 378 at end 368 of strip 310. Electrodes 280 are each, for
example, about 250 pm in width, and the gap between them is also about 250
um. Slightly further from strip end 366 is electrode pair 284, which is two

20 electrodes of five fingers each, each finger on a side being connected via a
conductor 377 to a contact 382 at strip end 368. Each finger in electrode pair
284 is a rectangle about 20 pm in width, and each adjacent finger is separated
from the next by a gap of about 20 um. Reagent stripe 364 covers electrode
pair 280, but not electrode pair 284.

25 During a test, when the sample covers electrode pair 280, an AC signal
is applied for a period of time to contacts 378. Similarly, for an overlapping
period of time after the sample covers electrode pair 284, a DC signal is
applied to contacts 382, and the electrical response between the electrodes in
pair 284 is used to estimate the glucose concentration in the sample. The

30 response of the sample between the fingers of electrode pair 280 is sensitive to



not electrode pair 466. \When the sanple covers el ectrode pair 466, the
system uses an AC signal through that pair to determ ne correction factors
for the analyte neasurenent. \Wen the sanple has covered el ectrode pair
468, an 30 estimate of the analyte concentration is obtained using DC

excit at i oRy@%fop@@s:0V\0 2004/ 113910 PCT/ US20041019576 Z1vusavea/oiss7é he art,
such as U S. Patent Applications Nunber 09/530,171 and 10/264,891, PCT
Application Nunmber (WO US98/27203, U.S. Patent No. 5,997,817, and the

El ectrochem cal Bi osensor Test Strip (reissue) application. Wth the

exenpl ary di nensi ons descri bed above, the volunme of the capillary 5 cavity
is about 130 nL. Turning nowto FIG 6,23it can be seen that strip 510 again
conprises substrate |ayer 212, reagent stripe 564, notched fluid guide 214,
and cover layer 218. In this enbodiment, working electrode 581 |ies between
two counter elthchenetterif bfithesatnpde Whichialonlg vithea tempmmfeed.llh)pr@ﬁ&ed)f t he
conductors 10 t he sa contact. These, el ctrg)rﬁ1 580 and 581 form a

first electrod Yaﬁ%?r{m&%d’as FCULRRVIGRS & FRETECQIACtARIOr heesURR ode fi ngers in

this el ectrode gpgiided wiBQldchoddaQud. R&Q tihk Widt@orrdbtion fatdtams @ about 250 pm on
either side of working electrode 581. Second el ectrode pair 284 conprises

two el ect r odes ngfessarity amyliiplcasive onzlditivedastey, @amym%@ﬂévémﬂeny the fingers
being intergi 9'fh1%ﬁé’ ir Qlogﬁuégdaﬁ@raggfo} me‘}%g n@&%éspﬂﬂférbahe% agai n_about

20 pmwi de, wt etme Jacent Ingers. In this
enbodi nent , themrtwtgmperaduaqmdtl&ﬁptescmrabsebmdsfoeheematewbimauirrs 480 and 284.

The mcr 0l oot R 3y R B BB L SRR gt oot ron
the m cro- el ectfongample] the AR tationckpplication, emtlclt Way incorpordied el@dvle)byp roportional
e e o 5 Pl i U AP STAR s g Ry o0 o™
sanpl e requior eduffRientRaTdVéreRENéasirng dMéctro@eEIO o0 IS about 200 nL.
An alternative embodiment is shown in FIG. 5 as strip 410. Substrate
layer 212 is traced with two contacts 478, and is partially covered with reagent
stripe 464 (over electrodes 480), notched fluid guide 214, and cover layer 218.
Contacts 478 are electrically connected via conductive traces 477 to both a
15  first pair of electrodes 466 and a second pair of electrodes 468, one electrode
from each pair being connected on each side to one of contacts 478. Note that
in this embodiment the driver and meter circuitry (not shown) uses a single
pair of contacts 478 to drive and measure response from both pairs of
electrodes. Note further that the relative placements of micro-electrodes 484
20  and macro-electrodes 480 are reversed relative to the embodiment shown in
FIG. 4. The macro-electrodes 480 are again, for example, about 250 pm in
width with a gap of about 250 um between them. Also, each electrode in
micro-electrode pair 466 is made of five fingers that are interdigitated with the
fingers in the other electrode of the pair. Each finger is again about 20 pum in
25  width with a gap of about 20 pm between neighboring fingers.
In this embodiment, reagent stripe 464 covers electrode pair 468, but
not electrode pair 466. When the sample covers electrode pair 466, the system
uses an AC signal through that pair to determine correction factors for the
analyte measurement. When the sample has covered electrode pair 468, an

30  estimate of the analyte concentration is obtained using DC excitation methods



25 Another alternative enbodinent is shown in FIG 7. Strip 610 conprises
substrate layer 212, reagent stripe 664, notched fluid guide 214, and cover
| ayer 218. As in FIG 6, the first electrode pair 572 conprises counter and
wor ki ng macro-el ectrodes 580 and 581, respectively, each about 250 pm w de
W th a gagy@®ioostbdsp 250 m between them |In this enbodipeants2003018wrever ,

el ectrode pair 661 conprises two el ectrodes of three fingers each. WO

2004/ 113910 PCT/ US2004/ 019576 25 Each finger is about 50 pmin width, with
a gap of about 50 pm between adjacent fingers. The first electrode pair
that the sanple reaches (the macro-electrode pair 572) is used to obtain a
hemat ocrit - based nmeasurenent using AC P4excitation techni ques. The second

el ectrode pair (the mcro-electrodes 661) is wused to obtain a measurenent

t hat depends on the glucose in and hematocrit of the sanple using DC

exci tation. Thé&npengetht astsutlpss B.64Patent Applicatibys Mirebdr08/630,1pband 661, and a

sanpl e vol une af nb.is r ir | illary volunme in
t he rel evant r38{2%235#?}%0&@%@{5?%@%%?&0@gjrﬁ??)ﬁéaéggj%gﬁgﬁt %rs 10 to a
;or mul a based ?559%@&7,&&6%6&1&&0?5@&&?:Bi@bﬁsﬁﬂ'l‘estS&Qﬁ@i‘éisczﬁy)gip@limtiargd ot her
actors as woul d. occur to onge of . ski ain e art. FI rovi des yet

anot her enbodi niitk thsexemplay,dimensions deserbedarove, devolme t%‘r%ﬁ&iag'es substrate

| ayer 212, reaggity ishbsue®3®@4, notched fluid guide 214, and cover |ayer
218. In this enbodinent, first electrode pair 366 15 conprises two
macr o- el ect rodes, ed@mitgnawg FGso.niyian be seen dlag siriprS 10 jagaje comprges | e second

el ectrode pal 1 LRRARRE SPF Sed M) stHoE'581 AL AR GBI b Eia: , ©f oot T ode

having five fingers i m an I'nt attern. ingers in this
enbodi nent ar e lajeoR18. 30 tiirembatimeny wirkmgghptrade 5B diss b&Begnivivet ween t hem

20t e of oct r odelTF et BREraRD BBl Moo Becienly Sup P PERBERR T about 170
nL.  Turni N@ n@W6t@thelslme Eontdet. I THesSdlEetHAEITB02AE 58 LTvsinraXiret dlediede 212,
Lengent Stripe Biso/ind ach of the hice Shacro-eléctrode fingers fn this clectfode pair 0+ ° 9" ©
480 is about 250 pm wide, with a gap of about 250 pum on either side of
working electrode 581.
Second electrode pair 284 comprises two electrodes of six and seven
15  fingers each, respectively, the fingers being interdigitated in an alternating
pattern. Each finger is again about 20 um wide, with a gap of about 20 pm
between adjacent fingers. In this embodiment, the reagent layer 564 covers
both electrode pairs 480 and 284. The macro-electrode pair 480 provides
Cottrell-like response, where current is proportional to the square root of the
20  diffusion coefficient, while the micro-electrode pair 284 provides current that
is directly proportional to the diffusion coefficient. The two responses, taken
together, correct for environmental factors to yield an improved response. The
volume of sample required for measurement in this embodiment is about 200
nL.
25 Another alternative embodiment is shown in FIG. 7. Strip 610
comprises substrate layer 212, reagent stripe 664, notched fluid guide 214, and
cover layer 218. As in FIG. 6, the first electrode pair 572 comprises counter
and working macro-electrodes 580 and 581, respectively, each about 250 pm
wide with a gap of about 250 pm between them. In this embodiment,

30  however, electrode pair 661 comprises two electrodes of three fingers each.



of contacts 878 is connected via conductors 877 to both first el ectrode pair
866 and second el ectrode pair 868. First electrode pair 866 conprises two
single 25 finger macro-el ectrodes 884, while second el ectrode pair 868
conprises two mcro-electrodes 880, each mcro-el ectrode having five
fingers i wamosimderdi gitated pattern. Each el ectrode HOT/US260440198T6ect r ode
pair 866 is again about 250 pmw de, with a gap of about 250 gm between
them First electrode pair 866 is used to obtain a first measurenent based
on the hematocrit of the 30 sanple. Each finger of the second pair 868 is
about 50 pun wide with a gap of WD 2004/113910 PCT/ US2004/ 019576 26 about
30 m between adj acent fingers. Wen t he?> sanpl e covers second el ectrode pair
868, a DC signal is applied to contacts 878. The resulting inpedance

bet ween el ectrodes 868 is used to obtain a second neasurenent based on the
concentration d&hclhyfingeoisebpyt SQmen imevidthowith g gap of abeuis¥hisn betweemt 5 neasur enent
is conbined in @gé {;Hélé a;With the measurenment obtained through first

el ectrode pair a tenperature signal froma therm stor (not shown)
to obtain a correct &be fisucletmde paicthat thasangpie reathes (thRemgerdectbdd pe 364

covers second el e ode ir, 868, and t requi red vol unme f sanple is again
about 170 nL. P8¢ {7 ls?ﬁf ¢, 3R¢n 3#8?1%9?“&1 %frﬂ%s\”i?@ RS strip 1010,

which conpssi sescitatbs tetdigues AYRE seddndl eld: dttebyxﬁfcrolaé&mdmmb\ﬁd fluid
gui de 214, and cover |ayer 218. In this e odlnent the first el ectrode

pair 1081 enc 36 18 ohginAmeasuremispithat deprads erethe glicRsep 26 hemateié ol 071, a
single-finger gl s%ﬁltheQQﬁngf(':Eﬁtaﬁéne@[th'é%’a%erﬁéh{pe%@ﬁ@o@'rs%hlj{ fediydes counter

el ectrode pair 1072, 15 a two-finger el ecCtrode one Tinger on either

si de of worki ng)aéléébtan@aémmmlumza&abomH&brrlaismewrp@to fél@é@&mﬂgypal r 1081 is
about 250 pm w a ggnﬁ unt er
el ect rode fi ngé@ﬁ?neg%q}tehglggvﬂg e% 9 %Fgggr&gegmﬁggéﬁlﬁédcﬁq) %e el ectrodes
(i.e., workiong teh&rm:ubdlase:tl(bmlhaddctrodowﬁ“gnraabeaea@ntesyﬁerma)ndlqthet| rst

el ectrode pai r 1081 |s0 Iecctur cal 15% kxﬁ ﬁCt d 20 via a conductive trace 216
to a contact 187N FHEOUIFY Fnod?rie PUEShN&EEs to

FIG. 8 prowdes yet another embodiment of the present invention.

Strip 710 comprises substrate layer 212, reagent stripe 364, notched fluid
guide 214, and cover layer 218. In this embodiment, first electrode pair 366

15 comprises two macro-electrodes, each having a single rectangular finger,
while second electrode pair 770 comprises two micro-electrodes, each micro-
electrode having five fingers in an interdigitated pattern. The fingers in this
embodiment are about 50 pm wide, with a gap of about 30 um between them,
and reagent stripe 364 covers second pair 770. The volume necessary to cover

20  the electrodes in the relevant portion of the capillary path is about 170 nL.

Turning now to FIG. 9, strip 810 comprises substrate layer 212,

reagent stripe 364, notched fluid guide 214, and cover layer 218. A single pair
of contacts 878 is connected via conductors 877 to both first electrode pair 866
and second electrode pair 8§68. First electrode pair 866 comprises two single-

25  finger macro-electrodes 884, while second electrode pair 868 comprises two
micro-electrodes 880, each micro-electrode having five fingers in an
interdigitated pattern. Each electrode in first electrode pair 866 is again about
250 pm wide, with a gap of about 250 um between them. First electrode pair
866 is used to obtain a first measurement based on the hematocrit of the

30  sample. Each finger of the second pair 868 is about 50 um wide with a gap of



contacts 1067 to use the first electrode pair to obtain an estimted
concentration of analyte in the sanple. The second el ectrode pair 1082
conprises two el ectrodes of five fingers each. These fingers are each about
50 pmwide with a separation of 25 about 30 pm between them Each el ectrode
in the segmimghofissioconnects to a conductive trace 216 Rag/useomdloesta i cal |y
connected to a contact 1068, which contacts are used to drive and neasure
for correction factors such as henmatocrit based on the analyte interaction
with the second pair of electrodes. The third electrode pair 1083 is also a
m cro-el ectrode configuration, 30 with each of the two electrodes in the
third pair 1083 having five fingers WD2$004/ 113910 PCT/ 1352004/ 019576 27
interdigitated with the five in the other electrode. Each finger is again
about 50 p.mw de, with a gap of about 30 pm between them Each el ectrode
in the third pbéut3Q08detvween edjaeant fingers. Vbenctbe shmenle caverssgeand216 to a cont act

1069, and is drive j ont.act icliency of the sanple
vol une, based §[68tﬁ°‘{éﬁ\éﬁgpge&q$¢gl fg]rl Se%pﬁg?étg) ngt%g\tgg%éﬁ%srgéu&%e%t rodes when the
sanpl e has reamnpaldne tetvdeh electiddes 8688 iseidto obigin 4 seeomslangrseremanti t y 1048. Not e

that reagent Il ayer 1064 covers ypstream el ectrod, ir 1081 _jn this

enbodi nent . Th(?agé 8 eé’OB%R?F??P“i#gf‘}?P%“% ]Eﬁ’?Pé?FP?Pgéﬁis .e'aE t 220 nL of
sanpl e flui g tgneagiftfidnt &l domblie@en £iRmlh QS theinksurch@ntobtlthed now to FIG 11,
strip 1110 conprises_substrate |ayer 212, reagent stripe 1164, notched

fluid guide | aykpughfirat sigoiradeipnine0 and g tempstaters Signal fTogy e themmiser (mphe £ r st
ol ect rodes of FIYETf REEh e B iUt Contakapnh vl Reagit e B ¥ de. "and
a gap of about ceGErmesapzletredepahdtddimdheteqiiredgtumerdf ssmpls iehgadt r ode pair is
used for deter rg’bni %Bﬂe concentration of interferents such as hematocrit
by using AC excCi P8t oRand | npedance neasurenent techniques. For an exanple
of these tadhni quesFIGdO shdves #OtHex alteraitive embgaiihemtpdtiip 8010Mvhizch  was
I ncor por at ed al?:gr\ﬁgﬂs% s&bes'Irang ar)lzgre 212, reagent layer 1064, notched fluid guide 214,
. and cover layer 218. In this embodiment, the first electrode pair 1081
encountered by the sample includes working electrode 1071, a single-finger
electrode. First electrode pair 1081 also includes counter electrode pair 1072,
15  atwo-finger electrode, with one finger on either side of working electrode
1071. Each finger in first electrode pair 1081 is about 250 um wide, and a gap
of about 250 pm separates each counter electrode finger from the working
electrode finger. Each of the electrodes (i.e., working electrode 1071 and
counter electrode 1072) in first electrode pair 1081 is electrically connected
20  via aconductive trace 216 to a contact 1067. The system driver connects to
contacts 1067 to use the first electrode pair to obtain an estimated
concentration of analyte in the sample.
The second electrode pair 1082 comprises two electrodes of five
fingers each. These fingers are each about 50 pm wide with a separation of
25  about 30 pm between them. Each electrode in the second pair connects to a
conductive trace 216 to be electrically connected to a contact 1068, which
contacts are used to drive and measure for correction factors such as
hematocrit based on the analyte interaction with the second pair of electrodes.
The third electrode pair 1083 is also a micro-electrode configuration,

30  with each of the two electrodes in the third pair 1083 having five fingers



The second el ectrode pair 1171 from sanple end 1166 of strip 1110 20
conprises two el ectrodes of three fingers each. Each finger is about 20 4m
wi de, and a gap of about 20 pm separating adjacent fingers. This system
derives a tenperature-conpensated estinmate of glucose concentration by

appl yi ng Awoxoodagsayci tati on techniques to this secondretrmstoooaiespai r 1171.
The sanple volune required to fill the capillary channel and cover the 25
el ectrodes in this enbodi nent is about 69 nL. Turning nowto FIG 12, strip
1210 conprises substrate 212, reagent stripe 1264, notched fluid guide
1114, and cover layer 1118. The first electrode pair 1266 fromthe sanple
end 1260 of strip 1210 includes two el €ttrodes of five fingers each. This
systemuses the first pair of electrodes 30 1266 in strip 1210 to obtain one
measur enent based in substantial part on WO 2004/113910 PCT/ U520041019576
28 det ecti on ofinterdigitatasveitht the fivg ingherotheri elngtrode. fEack fingandy agaimeabavtenent , whi ch

is obtained usj l . e ectrode pair
from the sanpléedq'%ﬂé&% a'gtfi(r‘%l%‘;gjp %Jﬁ%éh{%g%%%%égrgapy}ﬁ%gr%%tg i ncl udes
two el ect r odesthiré paih 1083\s cannediedvia hicogiaciive teane21 6o apantactllPD6B, and cover ed by
reagent 5 layer. 1264. The finggrs an second el§§%rode pair 1ﬁ68dare al so
about 20 m wi d'& ‘BN YP BOsPRRaE &Yy %?f’téucfﬁgﬁncdfo caPPEoImerfisgd second

el ectrode pa§r onliB68lettsicdl 3@Pod¥ bethRers ihdieiRctBdASHHei BiesatnpR Ha9ncent rat i on of
the analyte in the sa&gle Wiile the first electrode pair 1266 inplenents

AC techni ques, Headied 3sufpigntexicat eugh Hisisampleavitysl0dBi Nets thaj repgeiC or DC
signal . Further . t second
1l 1@@{@&&{8@5& QTRiB8e 88@3%%@%&% T

el ectrode pair 1268) 1 | el ectrode 127 I's a single electrode
finger about 20sampld @ity ingbis embodithent raquitsmahaut 220 ml2oisamplediwid toct 1272, The

AC signal respo i.s. third el ectrode 1270 and either the first
el ectrode pair %%&dg@%ﬁg&%%g%ﬁ% el ectrode pair 1168 provides a sanple

suf fici encyl®si gnal fhumnihgeowt o Eigs 1 grstrip 1116 comprises substraté ldyed 22enbodi ment ,
; Ihle::? P gljgc :) ;io ? erf%é‘é?stggere @%gqsqtvg%{i ?lglrﬁi g%l%d%%yreg ?FMI vsrf}thano(%clzhr ﬁw&t an cE)\bers econd

layer 1118. The first electrode pair 1170 from the sample end 1166 of strip
1110 comprises two electrodes of five fingers each, where each finger is about
20 pum wide, and a gap of about 20 pm separate each adjacent finger. This

15  electrode pair is used for determining the concentration of interferents such as
hematocrit by using AC excitation and impedance measurement techniques.
For an example of these techniques, see the AC Excitation application, which
was incorporated above by reference.

The second electrode pair 1171 from sample end 1166 of strip 1110

20  comprises two electrodes of three fingers each. Each finger is about 20 um
wide, and a gap of about 20 um separating adjacent fingers. This system
derives a temperature-compensated estimate of glucose concentration by
applying AC or DC excitation techniques to this second electrode pair 1171.
The sample volume required to fill the capillary channel and cover the

25  electrodes in this embodiment is about 69 nL.

Turning now to FIG. 12, strip 1210 comprises substrate 212, reagent

stripe 1264, notched fluid guide 1114, and cover layer 1118. The first
electrode pair 1266 from the sample end 1260 of strip 1210 includes two
electrodes of five fingers each. This system uses the first pair of electrodes

30 1266 in strip 1210 to obtain one measurement based in substantial part on



various detection and neasurenent techni ques known in the art. FIG 13 shows
strip 1410, which conprises substrate 212, reagent stripe 1464, fluid guide
1414 with notch 1448, and cover |ayer 1418. The first 20 set of el ectrodes
1170 fromthe sanple end 1166 of strip 1410 includes two el ectrodes, each

havi ng fi veofdéagsisse The fingers in electrodes 1170 ar ece@sivoyebegt 20 m
wide, with a gap of about 10 pm separating adjacent interdigitated fingers.

Second set of electrodes 1171 conprises two el ectrodes having three 25
fingers each. The fingers of electrodes 1171 are each about 20 mw de, wth
a gap of about 10 m between adjacent, interdigitated fingers. Wile the
first electrode pair 1170 is used by tHe systemto determne the hematocrit
of the sanple and calculate a correction factor, an estimte of the glucose
concentration is derived fromthe response of the second set of el ectrodes
1171 30 i n t helepctereofaetedtrents dorsampingngawith, asethermicasuferaerttiwhich sai r  of

el ectrodes 1471.is 2004/ 11391 [ US /819576 9.t el ectrodes
having two fi ngoepFaéne acie ]i]%sef(?‘ﬂ se?egﬁﬁ ecﬁaﬁé%g,g' g%epsgf%rﬁltel %:Fo%i\é;pm%l%%rpi ed across
the third pair théddampléiénd ofistip 12201 efectrodeChiis] 26B ewliieh inclutidsiwo changi ng the

i npedance pr eseqt ed bet wegn the el ectrodes. The]rzzgst em cgg t hen concl ude
that the sanpl 16650, $4oh bpng fpee fimgers d ithiapas 120p 1sovered Yyreagehts  he second

set 1171 of sl egydrqdes TifindBrsae Sodbif deciidaé yii B268Ard2Aso@bae: 20/um sanpl e vol une
of about 63 nL is required to cover the three sets of electrodes in this

exenpl ary embodVide grd arEseparated byhaogep of ehaup2Q ume Thisse¢ong elegiederdgire | ayer 212,
. ) daida .  and
reagent stripe 12%§gs l#s.e&' B% %l%gst&h g éiugaée%?elio‘é%éhéx%ﬁﬁ] éfstﬂgér&fhén%ﬁé and cover

| ayer 1418. The Irst electrode palr ITst sensing zone
1476, and conprsaspie. tWhilethe fitst eldetede paif i 24 ifniplegeents Adatebhniqies, the ngers ar e

aboul 2010 201 ogoin ol s 0y B e PRSI R, L1 o191t e
hematocrit 1 tdwvrsaeap fomahd savipitG:nd (o the 8¢vohd elecrdde phir 1P68) &St | mat ed
concentration of 9l HCOSE 1970, WiserS e N Bl Sle 2 ctrode finger about 20 ym wide,
connected via conductor 1274 to contact 1272. The AC signal response
between this third electrode 1270 and either the first electrode pair 1166 or the
second electrode pair 1168 provides a sample sufficiency signal for the
15 system. In a variation of this embodiment, third electrode 1270 operates as an
electrode in a circuit with second electrode pair 1168,.for application of
various detection and measurement techniques known in the art.
FIG. 13 shows strip 1410, which comprises substrate 212, reagent
stripe 1464, fluid guide 1414 with notch 1448, and cover layer 1418. The first
20  set of electrodes 1170 from the sample end 1166 of strip 1410 includes two
electrodes, each having five fingers. The fingers in electrodes 1170 are each
about 20 pm wide, with a gap of about 10 um separating adjacent
interdigitated fingers.
Second set of electrodes 1171 comprises two electrodes having three
25  fingers each. The fingers of electrodes 1171 are each about 20 pm wide, with
a gap of about 10 um between adjacent, interdigitated fingers. While the first
electrode pair 1170 is used by the system to determine the hematocrit of the
sample and calculate a correction factor, an estimate of the glucose

concentration is derived from the response of the second set of electrodes 1171

30 in the presence of the sample and reagent. The third pair of electrodes 1471 is



15 determ ned by using the second pair of electrodes 1468. The second pair
of electrodes 1468 defines second sensing zone 1478, and i ncludes two

el ectrodes having three fingers each. The finger sizes and gaps for second
el ectrode pair 1468 are the same as those for first electrode pair 1466.
Second elwobsmdeopri r 1468 is used to obtain correctiportisobdauisssé or the
concentration 20 estimate obtained by the first electrode pair 1166, and
uses AC/ i npedance neasurenent techniques. Fig. 15 shows strip 1510, a
variation of the strip in Fig. 11, where electrode pairs 1570 and 1571 and
the | ayers covering themwould be slightly nodified. In particular,

el ectrode pair 1570 conprises a worki ng%el ectrode 25 having four fingers,
each 50 mwide with a gap width of 20 m The correspondi ng counter

el ectrode in electrode pair 1570 has three fingers, also 50 pmw de. The
second el ect r oteo gedtroddsSalingawp finges caxhwbr thisregnbelimmsnt, agetenhiavis ng t wo

fingers, each 100. pm w and a unt.er. el ectrod ving,a single finger
that is also 16’5918 a\z/ﬂloffce{,gé erﬁalél ﬁ‘p“‘\t}éfﬁ‘FﬁaJBf‘eéﬁCE‘?%%‘i%m’?mué 30 enbodi nent,
reagent 1564 wolhinging@ecinpeddnye plesititad ®dveprithe eldbifddesWiThé sysiéf 2004/ 113910

PCT/ US2004/ 019576 30 coating 1565 wouyld cover el ectrode . r 1570. Coating
1565 is a per nmiie8gpnelyde,fpat ”9326‘1’?2‘?% ‘W@tlinBﬁqrg‘iﬁ’Q{{r?t\?%t,lplg? her coati ng

that |imtsstheeREEdnHGES1170bf AEHRALSDE M REurkBAna§dPlobelhate. af fect the
neasur enent at el ectrode F51)a| r 1570, as are well "known in the art. In

variations on s#nmEe gm0 t 63 pl isaeqiired tapever the e stbeof gleciredesoul d be
present, and eﬂ?ﬂis%&aﬁ@%@ﬂ&mﬁ%%hﬁen‘wu' d be covered with a different reagent

or other coating, or ¢ ination of coatings to provide a corresponding
nunber of neasur eneRlG ldishdwsktfip &410nkavingesnbsttatedayar @32, redgenttstnipeasur enent s

woul d be conbi to termn fi.nal urenent ,out . ~hn ot her
oapocts, oo et Bt FideNEe 115 e Roe, TG TS St Bl TP, et 1y
and the sellect fiesd eleétrmieghir19466.8dmesafirst @aganiont3876, andeanplisesed occurs as

gﬁ;gg: lrjneagt !s n c ;Eiegttéédgg ﬂ{)ﬁgg&ggggsle%éh. Vﬁlrelfi%légrs grsepa%glgtSZOOJm gcr}ce)ss?a%sdc i bed

include a gap of about 20 um between interdigitated fingers. This pair 1466 is
used to provide a response that reflects the hematocrit of the sample, allowing
the system to correct the estimated concentration of glucose in the sample as

15 determined by using the second pair of electrodes 1468. The second pair of
electrodes 1468 defines second sensing zone 1478, and includes two
electrodes having three fingers each. The finger sizes and gaps for second
electrode pair 1468 are the same as those for first electrode pair 1466. Second
electrode pair 1468 is used to obtain correction factors for the concentration

20  estimate obtained by the first electrode pair 1166, and uses AC/impedance
measurement techniques.

Fig. 15 shows strip 1510, a variation of the strip in Fig. 11, where
electrode pairs 1570 and 1571 and the layers covering them would be slightly
modified. In particular, electrode pair 1570 comprises a working electrode

25  having four fingers, each 50 pm wide with a gap width of 20 pm. The
corresponding counter electrode in electrode pair 1570 has three fingers, also
50 pm wide. The second electrode pair 1571 comprises a working electrode
having two fingers, each 100 pm wide, and a counter electrode having a single
finger that is also 100 um wide, with a gap width of 20 pm. In this

30 embodiment, reagent 1564 would cover only electrode pair 1571, while



desired or necessary, according to the design paraneters and preferences for
a given system For exanple, there may be a one-to-one correspondence 15
bet ween el ectrodes and contacts on a strip, as shown, for exanple, in FIG
4. Aternatively, all electrodes whose fingers are conbined on the sane

side of awghdsR1dRy be electrically connected to the mamBs20museé, as shown
for exanple, in FIG 5, providing a many-to-one relationship. Furthernore,

any design di scussed herein can acconmpdate one or 20 nore "dose
sufficiency"” el ectrodes downstream fromthose used to analyze the sanple,
as shown in FIGS. 11 and 14. Such dose sufficiency el ectrodes m ght
conprise two or nore electrodes, and tI® associated circuitry coul d

determ ne whether the sanple has reached those el ectrodes based on the

i npedance presented between them Alternative enbodi nents include a single
dose 25 suffi cieainyg 166Fwboulddever alectrddeairdh ). Coatngli565ds apemwui try use the

i npedance between. it and a,nmeasurjng el ectrode, rking or .
count er - el ect r\é\%%","Ve’éézlel‘sﬁ]ﬁf?‘F‘Fgloafseffffﬂ'tee?ftqﬂ??@ C%né\)%)aﬁ Embtgf}@élon{%é presence of

the sanpl e fl uiflcdniponbifs ofsthasenfe invedTect the aRaRitedient 2Rk trod¥Spdd evi ously
descri bed, the biosensor may siml arlg1 i nclude a dose 30 detection

el ectrode syst dATG Badrevelldappnintbe artt & Yanations 98 s embedimertythegedtt r ode VO
2004/ 113910 5PCH54004/0 ?n%ﬁ?@oulc’lgﬂye gl‘l)%&tgf Th&fR Blect iR ipalriwduftl Beocat ed closer to

the edge of the test strip, upstre the nmeasuring el ectrodes as the
sanpl e enters theeredekith g diffepent Sagdnt or et coatihgt ercoinbinatidreeficoadiegssy st em nmay

i nclude a single r 0 j aggi. ] with the
measur enent ork%?rﬁgﬁgéfglgfspé@sg %‘gn%%?éﬁg‘?&f&grngw é@%ﬂgeq%ftternati vely, the
dose det ect i on saisiivitiesdehiely sieasureneyitsiwonldistecombjrrt to ddtermdhecthe finaales whi ch

cooperate with one another tq indicate when a s l e fluid as bridged the
gappbet vween t h&CaYEEngL RS gﬂ og\efe’i‘?fl?ﬁgﬂe"g‘.cepfﬁ%“s%ngénﬁé'f'@ff?‘i‘s mv‘éqbect ?odes

are therefaoe $RaNthE eelPgeonRaly AB@HE stibction ®f Eksifg 3565 dndirepent 186gCt rodes in
terms of operation, but differ as to the |ocation of the electrodes in their

10 upstream podneesusement pequrs/as desrribpdintelaten todimitllel ect r odes.

Various aspects of the described embodiments can be combined as
desired or necessary, according to the design parameters and preferences for a
given system. For example, there may be a one-to-one correspondence
15  Dbetween electrodes and contacts on a strip, as shown, for example, in FIG. 4.
Alternatively, all electrodes whose fingers are combined on the same side of a
strip may be electrically connected to the same contact, as shown for exarople,
in FIG. 5, providing a many-to-one relationship.
Furthermore, any design discussed herein can accommodate one or
20  more “dose sufficiency” electrodes downstream from those used to analyze the
sample, as shown in FIGS. 11 and 14. Such dose sufficiency electrodes might
comprise two or more electrodes, and the associated circuitry could determine
whether the sample has reached those electrodes based on the impedance
presented between them. Alternative embodiments include a single dose
25 sufficiency electrode, and the meter and driver circuitry use the impedance
between it and a measuring electrode (working or counter-electrode,
estimating or cotrecting pair) to detect the presence of the sample fluid in the
space between those electrodes.
As previously described, the biosensor may similarly include a dose

30  detection electrode system that is comparable to the dose sufficiency electrode



In other variations, a thermstor in the systemis used to determ ne the
tenperature, which is used along with the hematocrit reading to correct the
gl ucose estinmate. In others, the second pair of electrodes provides a

t enper at ur e- conpensat ed gl ucose estimate using techni ques known to those 15

skilled i ch# 5])%4/?15310 In still other variations, the paidcrais2@s@dsteodes t hat
the sanple Ti1rs encounters is a pair of macro-el ectrodes, while in others,

it is amcro- electrode pair. In either case, each el ectrode conprises 1,
2, 3, 4, 5, or nore fingers of appropriate dinmension, all electrically
connected both to each other 20 and to a contact for conmunication with the
meter/driver electronics. Yet further 3ari ati ons use ot her conbinations of
measurenents to achieve desired results. Generally, these variations apply
electrical signals to two or nore electrodes to obtain a correspondi ng

nurber of respgfikn stc@pha it is RRaRE sRsétlto tHaedgH dffths @aGRip, GpsBemet gnal (AC
versus DC, spectrum anplitude, 25 and the I1ke), electrode shape or

di mensi ons, r e fSRISYUHIE Slectrodes as the samplsicaterhe teplER YUrh@Klesq ack of reagent

at one or nor e gelffdnlcRLRSde syREY fky ALINE! a sifikiE BREGIIC Rt opdifted @SPONSE Signals
are sensitive to different conbindtions of ~analyte concentration and

i nterferents. Icombineticnith g aepsusement bi other elestypdasseparately ponvidedat ed with the
hematocrit Qf t L . S€e r N 0 |lated with a
% TR e AL S SO S50ANAR 0 RS

conbi nat i on~of concen ucose | 2004/ 113910
PCT/ US2004/ 019 8kGtrodsR whivh ceapgpdte with pnaamaithee to mdichte evhanmpkanplaflhidr st response

is correlated with, t erature, econd r.esponse is.carrelated with a
conbinat i on of 1at Wiged M gab defigem B dptsaliectionglertiades, Thg dpiecsfiction | o

correl ated w t Rledtroded BRithértfof kebit tol RIS 1@ the MBS dnty eRBgbdgt UCOSe. The
result function(s) 5 are Likelg_to varghf or each design, %ut,they can be
det er mi ned enpil? fe&as phopgtation.hykdifier s tp ghe lpsation of the elegiradssintheihdue

exper i ment api ORysykaRSRsitibh ket hRadfrikmit blecdRigg €Ci at e that, while the
enbodi ments herein have been described in ternms of conbining measurenents,
or taking a In other variations, a thermistor in the system is used to determine the

temperature, which is used along with the hematocrit reading to correct the

glucose estimate. In others, the second pair of electrodes provides a

temperature-compensated glucose estimate using techniques known to those
15  skilled in the art.

In still other variations, the pair of electrodes that the sample first
encounters is a pair of macro-electrodes, while in others, it is a micro-
electrode pair. In either case, each electrode comprises 1, 2, 3, 4, 5, or more
fingers of appropriate dimension, all electrically connected both to each other

20  andto a contact for communication with the meter/driver electronics.

Yet further variations use other cormbinations of measurements to
achieve desired results. Generally, these variations apply electrical signals to
two or more electrodes to obtain a corresponding number of response signals.
Because of the difference in the signal (AC versus DC, spectrum, amplitude,

25  and the like), electrode shape or dimensions, reagent applied to the sample (or
possibly the lack of reagent at one or more electrodes), and/or other
differences, the response signals are sensitive to different combinations of
analyte concentration and interferents. In one such example, a first response is
correlated with the hematocrit of the sample, while a second response is

30  correlated with a combination of hematocrit and concentration of glucose in



measur enent and determ ning a correction factor, systens according to the 10
present invention can use any suitable geonetry and any appropriate
technique to obtain and conmbine the plurality of neasurenents to achieve
the final detection or neasurenent result. That is, those practicing this

i nventi on weoosus®idore or fewer el ectrodes, and any fpetwkaod/@ogenbi ne
readings that is suitable in |ight of the geonetries, reagents, and other

syst em desi gn choices 15 nade in connection with that design. As discussed
in the Anal yte Sensors application, which was incorporated above by
reference, accurate detection of analytes can be achieved in a

smal | er-vol une strip-based system accor# ng to the present invention,

wi t hout detrinental inpact to the connector, than in prior art 20 systens.
This allows a snmaller sanple to suffice for neasurenent, saving tinme and
hassl e for usertse sinpdidn syshersuchAxamplebi fichtespmsg isppirdatedmyithi cat i ons, and

ot her docunents cited herein, are hereby inc orated.b eference in-their
entirety as if t%’BBeﬁgtH?da %6881}9refpr‘i’a?evlf8%‘1}1?"?/([]1”%8?88&&?%%%’ y reference and
fully set forthemgéati¥eiane héhfodrilyaidta thind Regonbeis Roirtlhted Withtaed and descri bed

in detail in the draw ngs and forego(iégi? description, the sane is to be
consi dered as i9ombiaton oflempespprenprmaterait,and glugese; The resplt fyngon(sy  pei ng

under st ood tshat, Oy {loh@Iﬂnga%ﬁ 4] Egﬁ(}géy Rl %etgﬁfﬁﬁecp&ﬁﬂﬁgic}w and

descri bed and that a?{ changes and” 'nodifications that woul d occur to one
skill ed in the theseskilled inghe arhwisheié yndueexpesimedtation. prot ected. 33 Wat is

claimed is: 1 10 &6l bhbfint BRLiHEIRASS. Buf ARk RnpaRRgRevay, the

passageway bei ng di'nensione € novenent a sanple of bodily
fluid by capil |lerein baveibeen debaribgd in tepneafebmbininpadegsaeinentsy aywaking hie

it LA T A N W
measur ement 10C orprédedd iR vbntibi Santud@ arosnitatile pedmedy a0l aRappiepristededhniquae sanpl e;
and a second set of electrodes in electrical comunication with the
passageway f or tg Bpta}nrﬁnﬁ gombme the plurality o} measurements to achieve the final

detection or measurement result. That is, those practicing this invention may

use more or fewer electrodes, and any formula to combine readings that is

suitable in light of the geometries, reagents, and other system design choices

15 made in connection with that design.

As discussed in the Analyte Sensors application, which was
incorporated above by reference, accurate detection of analytes can be
achieved in a smaller-volume strip-based system according to the present
invention, without detrimental impact to the connector, than in prior art

20 systems. This allows a smaller sample to suffice for measurement, saving
time and hassle for users of the system.

All publications, prior applications, and other documents cited herein
are hereby incorporated by reference in their entirety as if each had been
individually incorporated by reference and fully set forth.

25 While the invention has been illustrated and described in detail in the
drawings and foregoing description, the same is to be considered as illustrative
and not restrictive in character, it being understood that only the preferred
embodiments have been shown and described and that all changes and
modifications that would occur to one skilled in the relevant art are desired to

30  be protected.



a second neasurenent correlated with a property of the sanple which affects
the first neasurenent; one of the set of electrodes conprising a pair of

el ectrodes with substantiall y parallel, interdigitated fingers, each

el ectrode having at |east two fingersgzand each of the fingers being a
first distance |l ess than about 50 mfromthe nearest other finger in the one
set of el e%%laag ?j rﬁld the other set of electrodes conprising a pair of
macro el ectr %’W d ‘one finger each spaced apart a second di stance at

| east 50 m 2. The test strip of claiml1l in which the first set of

el ectrodes chnpri bestestrsaripthiat defofes elcapitlarygassagew by, shpdsaagewaly lbgingar al | el |

interdigitated fingers., 3. The test_ stri m ich the second set
of ol echmsasEned ARG BduEhmOvBmeRt Qe Bl oauT bk sty rsh Yo% al | of
i nterdige V\)ﬁl1 alggndd Et?rou%h thyibﬁssta aysh{e'lt g?éveﬁ{é‘dt%}ﬁ pi@ding:ne preceding

cl ai s, ereln e I nt rdlglta d fingers 1s at nost about 50 m
wi de. 5. Thfirstesttof stectlrcpxlesﬁn a}wytmabcouhnmmeatmn@u&dthng)as.dagew fonkobtagiing 2ach of

the fingers of thenaro el rodes |s.at | east, abo wi de. 6. The
oo SRR Per et r g R e GO eRE S iie 6 ADHES B the FHEPEI A6, o1 st ance i s

a dist anCz?séEBn@Eet P sfec@bl lin 3R ciBcal combhil fdh wikH iHe éﬁgsagé\yayoﬁ? oBfaidifie

preceding clains, wherein the second distance is a stance of at |east 100
m cronsa se&ond’ hmasma&nemtcorrplatﬂ’d waitly a propensy of the spmpleedhialy affeets the, firsind f ur t her
conprisin third el ectrode set in electrical comunication with the path
for det'®F “Fﬁ“i‘fﬁ‘t’vmen a sanple has entered a predeternined distance in the

passage. 3he ot -the § of B8dtrctes Bm Esﬁ*g @ gﬂir%f el%‘ﬁ 6 &ds it bEtQhﬁ&il ﬁé’ﬁé] ode set

i ncl udes at | east one dose-detect e trode is c oser to the entrance
of the ipm@ggmmgérs,reabbbhcﬂrtbm Kavirgg at $esst twfo ﬁregem;tmdndaﬂl ofitlee fihgersboogd set
of el ect tr| of .claim?9 \A%ereln he thlr el ectrode

odes, et
set corfpﬁfsgﬁlétaacq leﬁ%f?maa methe aegreti othen ingerin ¢ ﬂnf‘di‘}%@ det ect

el ect r ofgorrdaet n@f Which are cI oser to the entrance of the passage than
both the f| rst set of electrodes and the second set of el ectrodes.
the other set of electrodes comprising a pair of macro electrodes having one finger each

spaced apart a second distance at least 50 pm.

2. The test strip of claim 1 in which the first set of electrodes comprises the pair
of electrodes with substantially parallel, interdigitated fingers.

3. The test strip of claim 1 in which the second set of electrodes comprises the

pair of electrodes with substantially parallel, interdigitated fingers.

4. The test strip of any one of the preceding claims, wherein each of the

interdigitated fingers is at most about 50 um wide.

5. The test strip of any one of the preceding claims, wherein each of the fingers

of the macro electrodes is at least about 50 um wide.

6. The test strip of any one of the preceding claims, wherein the first distance is a
distance of at most about 30 um.
7. The test strip of any one of the preceding claims, wherein the second distance

is a distance of at least 100 microns.

8. The test strip of any one of the preceding claims, and further comprising a
third electrode set in electrical communication with the path for determining when a sample

has entered a predetermined distance in the passage.



11. The test strip of claim8, wherein the third el ectrode set conprises a
pair of sanple sufficiency electrodes, both of which are farther fromthe
entrance of the passage than both the first set of el ectrodes and the
second set of electrodes. 12. The tes¢4 strip of claim1l, and further
conprising a fourth electrode set including at |east one electrode that is

closer to the entTidned stp éthaipns SagesiByhd third eletrbdé e indludestat Reast onk
el ectrodes and the secon(f set of electrodes. 13. The test strip of any one

of t he desedeigrtriectiode Ht isgleses fmthe gatrance of thepasspgeway thanhoie hedphset ees a
first eél@c%oﬁ?ﬁﬁldgﬂgis&oﬁggﬁ%q6%838& S'ode, and the second set of el ectrodes
Ird electro a

conpri ses a e an ourth electrode, the first el ectrode and

the third el ectrode being electrically connected to each other, and the
second el ect¥bde Ehedestistin ofiglaim | vekerein the thisdielrgtree ssteomprises a BisHIAsAT cat i on

with ea her .. 14. The test stri f Wi . ' LJrs, and
Fur t herSetesbiFkods s o EBEorkdCdine Sele Pt A1 Bhich i PloS S ikflal ™™ | A0
t he reagRRé pasBigRthal boiR ik MEBsetbf Eletthries RdliHeseédnd sdt bDelpdtisdidse a redox

reaction. 1%. e test strip of any one of the preceding clains, and further

conpri sing eagept terial ,over the .second .set of electrodes, where the
Feagent mat el al THSHETAEL B SR BRUEUE TG B GreuDge BY GOUPESE HRDY

react i QamplPsuffitiBndyasiéctides, Boff oBNicRBR fREthdr ok HRCGMaAE: &f tBb P’Esshgb_ thi ch the
passageway has a volunme of at nost about 240 nL. 17. The test strip of any
one of hatletherfustedt oieledtendes andithatseesmdispieoffelectiodesad second sets of

el ectrodes are positioned within the passageway such that fluid noving by

capi llary . apti onal @AGier AREHS 1A Yuid: boRBAGHPLIbpElcbhidtlseand second

sets in a serial fashion. met hod of neasuring the concentration of an

anal yt enclndmgsalepitenefeldstrdde ihat fslcloser todherpmtiaice gf therpmssagewgy thahdsth therip in
accordapnce w any, one,  of the preceding.clains; 35 obtaining a first
r esponsi&st ¥t atgﬁﬁ[f{dieﬁélﬂgﬁ sggond SFT?&S“@I'C‘,’QESCH cal signal to the first set of
el ectrodes; obtaining a second response to an application of a second
el ectrical slygnal Theotestseris ef anydonesfthexfrecddergd ¢laitiess whareih the first set of
electrodes comprises a first electrode and a second electrode, and the second set of electrodes
comprises a third electrode and a fourth electrode, the first electrode and the third electrode
being electrically connected to each other, and the second electrode and the fourth electrode

being in electrical communication with each other.

14.  The test strip of any one of the preceding claims, and further comprising
reagent material over the first set of electrodes, where the reagent material combines with the

bodily fluid to produce a redox reaction.

15.  The test strip of any one of the preceding claims, and further comprising
reagent material over the second set of electrodes, where the reagent material combines with
the bodily fluid to produce a redox reaction.

16.  The test strip of any one of the preceding claims in which the passageway has
a volume of at most about 240 nL.

17.  The test strip of any one of the preceding claims in which the first and second
sets of electrodes are positioned within the passageway such that fluid moving by capillary
action along the passageway will encounter the first and second sets in a serial fashion.

18. A method of measuring the concentration of an analyte in a sample of bodily
fluid, comprising;:

providing a test strip in accordance with any one of the preceding claims;



using the first response and the second response to derive a neasurenent of
the concentration of the analyte in the sanple. 19. The nethod of claim 18,
and further conprising, before the obtaining steps, detecting the
application of the sanmple to the test 3strip. 20. The nethod of either of
clainms 18 or 19, and further conprising, before the obtaining steps,
detecting the sufficiency of the volunme of the sanple.
obtaining a first response to an application of a first electrical signal to the first set of
electrodes;
obtaining a second response to an application of a second electrical signal to the second
set of electrodes; and
using the first response and the second response to derive a measurement of the
concentration of the analyte in the sample.
19.  The method of claim 18, and further comprising, before the obtaining steps,
detecting the application of the sample to the test strip.
20.  The method of either of claims 18 or 19, and further comprising, before the

obtaining steps, detecting the sufficiency of the volume of the sample.





