- 1 - SYSTEM AND METHOD FOR MEASURI NG AN ANALYTE IN A SAMPLE FI ELD
5The present disclosure relates to nethods and systens for
determ ni ng anal yte concentration of a sanple. BACKGROUND Anal yte
detection in physiological fluids, e.g. blood or blood derived
products, is of 10ever increasing inportance to today's society.

Anal yte detection assays find use in a variety of applications,
including clinical |aboratory testing, hone testing, etc., where the
results of such testing play a promnent role in diagnhosis and
managenent of a variety of disease conditijons. Anal ytes of interest

i nclude glucose for diabetes managenent, cholesterol, and the |iKke.
I'n response to KRSTEM ANDIETIROD FUTE MEXSHINY AN ARAEVTEIIN AZSAMPLE
vari ety of analyte 15detection protocols and devices for both
clinical and honme use have been devel oped. One type of nethod
that is enpl oypfdpfor analyte detection is an el ectrochem cal nethod.
I n such nmethods, an aqueous liquid sanple is placed into a
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el ectrode. Tﬁgn%ﬁgﬁinégfgmgl?bmed to react wwth a redox reagent to

20 form an oxi di zabl e (or reduci ble) substance in an anount
correspondin | yte concentration. The quantity of the

oxi di zabl e (3%3¢§§§§¥§ﬂ2) substance present is then estimted
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current and causi an
One type of method that is employed for analyte detection is an electrochemical

method. In such methods, an aqueocus liquid sample is placed into a sample-receiving
chamber in an electrochemical cell that includes at least two electrodes, €.g., a counter
electrode and a working electrode. The analyte is allowed to react with a redox reagent to
20 form an oxidizable (or reducible) substance in an amount corresponding to the analyte
concentration. The quantity of the oxidizable (or reducible) substance present is then
estimated electrochemicatly and related to the amount of analyte present in the initial
sample.
Such systems are susceptible to various modes of inefficiency and/or error. For
25 example, where the physiological sample being assayed is whole blood or a derivative
thereof, the hematocrit of the sample can be a source of analytical error in the ultimate
analyte concentration measurement. Thus, in electrochemical measurement protocols where
the analyte concentration is derived from observed time-current transients, increased
hematocrit levels can increase the sample viscosity, which in turn, can slow the diffusion of
30 enzyme, analyte, and mediator, thereby attenuating the test current and causing analytical

error. Additionally, a partial fill or a double-fill of a sample-receiving chamber, a defective



error. Additionally, a partial fill or a double-fill of a

sanpl e-recei ving chanber, a defective - 2 - test strip, and/or

| eakage of sanple can result in incorrect and/or inefficient testing.
SUMVARY OF THE | NVENTI ON 5Vari ous aspects of a nethod of cal cul ating
a corrected analyte concentration of a sanple are provided. That is,
the methods typically include nmaking an initial analyte

determ nation, determning a correction factor based on vari ous

syst em neasurenents and/or paranmeters, and nodifying the initial

anal yte concentration based on the corree2+on factor thereby

overcom ng some source of error. For exanple, the analyte can be
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measur enent s can ed to e a concentration o e ana 0
i nterest. configured to receive a samp[e {e.g., blood). The electrochemical cell typically mc[udes at

least two electrodes configured so that they are closely spaced and can be wetted by a small

20 volume of liquid. The various methods are capable of determining an accurate analyte
concentration in view of some error source or determining some system error by
determining various current readings during one or many applied voltages, determining a
correction factor from the various readings, and using this correction factor to determine a
corrected analyte concentration. The electrochemical cell is used in conjunction with a

25 meter. An electrical power source, for example a battery, in the meter is used to apply a
voltage or a series of voltages across the electrodes of the electrochemical cell thereby
causing an electrical current to flow. The current flowing is measured by electronic
circuitry in the meter as a function of time and the current measurements can be used to

derive a concentration of the analyte of interest.



- 3 - The net hods provided herein typically involve applying
various test voltages for certain pre-determned tine periods,
measuring test currents present during those tine periods, and
utilizing these neasurenents to determne an initial analyte
concentration, a 5correction factor, an error source, and a corrected
anal yte concentration. For exanple, the nmethod can include providing
a sanple (e.g., blood) with an unknown gl ucose concentration to an

el ectrochem cal cell and applying a first test voltage V1 for a first
time interval T1 between a first el ectroge. and a second el ectrode
sufficient to oxidize a reduced nediator at the second el ectrode.
Additional |y, therihanehsGRdaGIdayARI, HAMeApPorEVidRtaslonaligoe
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det er m ned. exanpl e f the constants formed part of an equation

whi ch esti mafess abp 39 fﬂg{(ﬁéf Fer eyamplgghe first function can be an equation Corr = Ki(Hy -
H) G where Corr is the correction value, Kj is a first constant (e.g., about -0.004), Hy is

the lower predetermined hematocrit level (e.g., about 30%), H is the hematocrit level, and
G is the initial glucose concentration. The various constants in the equations are typically
25 derived empirically, where a set of test results are obtained with the measurement system
using whole blood with different hematocrit and glucose concentrations spanning the range
of interest. Typically, nonlinear least squares fitting procedure is then used, where the
constants that give the smallest overall difference between the value of the parameter of
interest derived from the current data, and the actual value of the parameter are determined.
30 The parameter of interest depends at least in part on the constants being determined. For

example, if the constants formed part of an equation which estimated the hematocrit of the



- 4 - sanple, then the sanple hematocrit would be the paraneter of
interest. In the case of the constants in the equation for Corr given
above, the paraneter of interest is the concentration of glucose in

the bl ood. Those skilled in the art will appreciate that various
ot her statistical 5analysis nmethods can be utilized to provide val ues
for the constants. The correction factor can be determned if

the hematocrit level and the initial glucose concentration fall

wi thin other ranges. For exanple, the step of calculating the second
gl ucose concentration includes cal cul ati ng-a correction val ue Corr
with a second function if the hematocrit His |less than a | ower
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such amoenbodigreedual blreronFoh@dm@RNinans embodiment, the corrected glucose concentration
G; can be substantially equal to the initial glucose concentration Gy (i.e., Corr = 0) if the
hematocrit level H is greater than an upper predetermined hematocrit level Hy (e.g., about
50%) and if the initial glucose concentration G; is less than a lower predetermined glucose
concentration Gy (e.g., about 100 mg/dL) or the hematocrit level H is less than an upper
25 predetermined hematocrit level Hy (e.g., about 50%) and greater than a lower
predetermined hematocrit level Hy, (e.g., about 30%).
In one embodiment, the step of calculating the second glucose concentration G,
includes calculating a correction value Corr with a fourth function if the hematocrit level H
is greater than an upper predetermined hematocrit level Hy (e.g., about 50%) and if the
30 initial glucose concentration G is greater than the lower predetermined glucose

concentration Gy {e.g., about 100 mg/dL). In such an embodiment, the method can also



- 5 - include calculating a corrected glucose concentration & based

on the initial glucose concentration G, the hematocrit |evel H and

the correction value Corr. Additionally, the fourth function can be

an equation such as Corr = IC4(H - Hu) (@ - GO where Corr equal s

sthe correction value, !cis a fourth constant (e.g., 0.011), His the

hematocrit level, Hu is the upper predeterm ned hematocrit | evel

(e.g., about 509 . G is the initial glucose concentration, and G,

is the | ower predeterm ned glucose concentration (e.g., about 100

ng/ dL). Various correction equations can.be utilized to find a val ue

for the corrected glucose 10concentration &2. For exanple, in sone
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this correctitntr)gz quationis G2 =GII Corr) 100 . As will be
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second test voltage V2 has a sécond polarity wherein first

polarity is Gﬁaﬁlﬁﬁﬁﬁ@dlcﬁn iralyde thegep of calquipting ﬁle@hﬁe%ﬂd@msmgﬁﬂm@n Ghs

i ndi cated, t

oount. capani g b eetesBRt SR wiSelaskteRrife AR BR.RL MickitRbh 6, 1k
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As will be apparent to those skilled in the art, any number and magnitude of test

voltages can be supplied to the sample at any number or pattern of time intervais. For

20 example, in one embodiment, the second test voltage V, can be applied immediately after
the first test voltage V,. Also, the first test voltage V, can have a first polarity and the
second test voltage V, has a second polarity wherein the first polarity is opposite in
magnitude or sign to the second polarity. As indicated, the first and second test voltage can
be of virtually any amount capable of providing the desired effect. For example, in one

25 embodiment, the first test voltage V| can range from about —100 mV to about —600 mV with
respect to the second electrode, and the second test voltage V; can range from about +100
mV to about +600 mV with respect to the second electrode. Additionally, the method can
further include applying a third test voltage V3 for a third time interval T3 between the first
electrode and the second electrode where the absolute magnitude of the resulting test current

30 is substantially less than the absolute magnitude of the resulting test current for the second



30is substantially less than the absol ute magnitude of the resulting
test current for the second - 6 - test voltage V2. The third test
vol tage can be applied before the first test voltage VI or at any
other tinme interval (e.g., after the second test voltage) as desired.
Addi tional ly, various arrangenent and/or configurations of electrodes
are included herein. For example, in an 5exenplary enbodi nent, the
first electrode and the second el ectrode can have an opposing face
arrangenment. Additionally, a reagent |ayer can be disposed on the
first el ectrode. The nethod al so previ des vari ous nmanners of
measuring a patient's hematocrit |evel. For exanple, the hematocrit
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applyi ng a f quethdd fluee iichided @lculating a hematocrit level H, and applying a first function to

calculate the corrected glucose concentration if the initial glucose concentration Gy is less

than an upper predetermined glucose concentration Gy and the hematocrit level is less than
23 a lower predetermined hemnatocrit level Hy. The method also includes applying a second

function to calculate the corrected glucose concentration if the initial glucose concentration

G, is greater than an upper predetermined glucose concentration Gy and the hematocrit

level is less than a lower predetermined hematocrit ievel Hy, applying a third function to

calculate the corrected glucose concentration if the initial glucose concentration Gy is less
30 than a lower predetermined glucose concentration Gy, and the hematocrit level is greater

than an upper predetermined hematocrit level Hy, and applying a fourth function to



- 7 - calculate the corrected glucose concentration if the initial

gl ucose concentration G is greater than a | ower predeterm ned

gl ucose concentration GL and the hematocrit |level is greater than an
upper predeterm ned hematocrit |evel Hu. 5The various functions can

i nclude various equations. For exanple, the first function can

i nclude an equation such as Corr =KAHL- H) Gl where Corr is the
correction value, KL is a first constant (e.g., -0.004), HL is the

| ower predeterm ned hematocrit |evel (e.g., about 30%, His the
hematocrit level, and 61 is the initial gfucose concentration. The
second function can include an equation such as Corr =KAHL - H) (Gmax

- @) wh t
(e 0. 0 coRgeuipt oAt LB e BRI GT
about 30%, Igrdater thaea meapmdctﬁmmh@gﬂcos@smwntrstum G edaheemiatsdt 1evel is
maxi mum gl ucq Pedtef fhal ) {lppe{ ?r%detegn?:hr%d{hﬁmgtg&%t le@%?l—lng/ dL), and Gl is the

initial glucgse concen unction can includes an
equat i on such as T varisuOfundtiehecdadnidludesvatitie cqmitioas t oo exanglid) éhe fastdurtchen

fourth function can include a e ati s Corrp, -.

Lo ar o C81 pEREe s RuR Bt Ry s g - S G ieihe prrep i VehE
(e.g., 0.011K, ith fist édﬂ@ta:h’tQé’th Q‘QUM} H,aY gk Jovidd pteSetEl’fftﬁndﬂﬂﬁﬁfatocnt level {e.g.
predetermned ut 509 is the initial

hemat o
gl ucose conc @b 407 ﬁLS@Pheya@ﬁ@t lpwdﬁféﬁa? it ﬁ'éepsspwerg@tm The

concent r at i OR¢@nd@funcAQdh intRide Hyécﬁt'aasan Nehd cHPalYH, LIE(CLE] | @HSwhere Corr
correction values can be utilized wth various e od| nments 200f a

correct'?on edfithe FurecieniauguKeld asesopd exns@at (8.48- 4943 tHbdis Hisdpyereredgieriained
For exanpl e, hErnﬁoémtlé@gld(e%agbéu@gbdgg%I fs%ﬁe @h@ﬁcﬁf eﬁe?‘l(?mlﬁllgtagwel%%ned

corrected gl ucose concentrati on a correction equation If the
initial gl ucowsinpongueense senceniradn {esg.|abgy 606 ag/dd) glhmébmth@ nitiad Blotage

wherein the %@Jc%ﬁgag bRNTRANA R l‘u%@u driahclid an Jt{onwc% AR LD 0 GRe o5

i nclude the s e COrrec ucose concentration
62 wth a c ortrree:otréaninn eaﬂuatand)rhelféunhrfenqtmn t;arahclﬂdiagianummn swhee Corret KeH -

d t I th h
RN PR R o S SR R R
applying a t ierdmb@sii el t}ﬁg‘letﬁé&pﬁarpreﬁieﬁehmhdj ehfioctitlead] Vag., abdut 0% &n

the first el ec hrode nd the secondﬁ trode ere, tegle absol ute
nmagni t ude of '}t "emfté% HE9sh Goneatratipn, G he faweg piedetermined glicofe s s t han

t he absol ut e gREREMbAESE aBut | BEmEABYI t | ng test current for the second
test voltage V2. In _such an
Additionally, the various correction values can be utilized with various embodiments
20 of a correction equation configured to provide an adjusted analyte value. For example, the
method can include the step of calculating the corrected glucose concentration G; with a
correction equation if the initial glucose concentration G, is less than a glucose threshold
wherein the correction equation is G, = Gy + Corr. The method can also include the step of
calculating the corrected glucose concentration Gz with a correction equation if the initial

25 glucose concentration Gy is greater than a glucose threshold, the correction equation being

G, =G,(l + C"”J.
100

In one embodiment, the method can also include applying a third test voltage V3 for

a third time interval T3 between the first elecirode and the second electrode where the
absolute magnitude of the resulting test current is substantially less than the absolute

30 magnitude of the resulting test current for the second test voltage V2. In such an



- 8 - enbodinent, the third test voltage V3 can be applied before the
first test voltage VI. In such an enbodinent, the third test voltage
V3 is of a magnitude that results in a test current that is
substantially | ess than the absol ute magni tude of the resulting test
current for the second 5test voltage V2 to minimze interference with
the currents that are neasured during the application of V1 and V2.
The smaller current flow ng during the application of V3 neans a

smal | er amount of redox species is electrochemically reacted at the
el ectrodes so |l ess disruption of the concekntration profiles of the
redox species in the electrochemcal cell wll be caused by the

appl i cation embdmertQWathirdust estiagel Vaeitbs apdliea befotehbelfiaf testdehsgelWii frgsuah
defect (e.g., high.track resistance)_in a test strip are.also
provided. In aBFfBg%dHE?PtéE?)@Hﬁ ,tesaqur@g%?éalsioga BreE oA AR 17 e g tha
applyi ng a figsbsdn@aly M thaO8e hiblut thaghRtdelFSie rbdulthgitest Qurveat fob the waend
a first electrode andy

a second el ectrode sufficient to oxliggtéﬁ. a
r educeds medi #¥bYoliage Yiie miwaddnisererseay thegarenis f1a) pii gneas e thest
vol tage for g, 3R&eRGriesid Vi. Mhelstafércalre AbWRRHuAng dhe abplRbGSH ofad encamtch
a l5second el ectrode sufficient to oxidize a reduced nediator at the
first el ectredaler anpunt phredesnpcicnis elecisochemisellyt reated s theglpstragss B9 B8 f or

a first ti nedisﬂ}g%ﬁ/ & thd &:15%?51? {)f'lf%s Bf RELeliGEsebiEs @Qﬁm&trogﬁbﬁai&%éﬁ%]i

can also inclu nmeasuring a fir test current and a second test
current that bocayesd Iguh¢ applicdtienfof Vst or second test tine interval

wherei n_the secong_test .rent pcc Jer. .t I r

duri ngq? he sane tggrfouts Frrrrllga&l{"ﬁl Iént?\?azf mg&ﬁ%%é&éﬁrﬁ% élééé%eé’%ﬁﬁéh g%{kﬁ%%ame)
test strip hasatheatrpafedto previded. dn cequzb hspacthametiodis prdvadediwhath indwdes

t, dt d test Ly | di t, th
cecond {eot GBITEGE BLTHE APl SER Frleatery TR R SRR e, "
vol t age. secoMBlbadtode QITHEICh N 0Xi8izO4 reduct ntudiat uathe sstond €eqrody,iadéd

herein. For exanple, the equation can incluyde,a ratio between th
(ot test cAPRURES SErod 10 VOLRSSI 3 GEAILEH PBReryt REGHCE? B HEAY Fgetroghand
equati gn can sécdfd slerode LititiontREbNIBRA A tdaBcehinfedtatdr @bthe Gikbt ElRRtodand t he
difference between the first test current and the second test

current. |n éhernaiisbapradinstions valiagaepplied for a frst Bpe intemalde egrirgio Bpeine
a begi nni ng afe ddiodl TS neflod SAEARFintIGS mddsifn gl IS ¥R kurc@R ghd D&cdrahst

test current can be a nmaxi numcurrent value dccurring during the
first or seceweent digtocpinruringtherfigior seaprigest time iRferyalnvherais theseond st werpnt

occur at abOUEdcu?sgaﬂ%Pme Bfst Ee&ecug.iegt%ﬁ;{iggmng(gﬁﬁec@minﬁeq@&rﬁl qr?daa@érﬁ.ﬁng whether

and t he secon st current | m curren al'ué occurri

during2¢ he f ithedest strip bactondefta ssing ameguatiinerasesl| on thefisntestexaens) a4 thetyecond

equation can te%te cufrent. Tn an exemplary embodiment, the second test voltage can be applied
immediately after the first test voltage.

Various embodiments of such an equation are provided herein. For example, the
equation can include a ratio between the first test current and the second test current.

25 Additionally, the equation can include a ratio between the first test current and the
difference between the first test current and the second test current. In one embodiment, the
first test current can occur at about a beginning of the first or second test time interval, and
the first test current can be a maximum current value occurring during the first or second
test time interval, Also, the second test current can occur at about an end of the first or

30 second test time interval, and the second test current is a minimum current value occurring

during the first or second test time interval. In one example, the equation can be a



- 9-1 ratio= where if is the first test current and 12 is the
second test current. In use, the Il nethod can include a step of
providing an error nessage indicating a defective test strip if the
ratio is greater than a first predeterm ned threshold (e.g., about
1.2). 5Simlar to above, various arrangenents and/or configurations
of electrodes are included within the spirit and scope of the present
di scl osure. For exanple, a polarity of the first test voltage is
opposite to a polarity of the second test voltage. Also, the first

el ectrode and second el ectrode have an opposi ng face arrangenent.
Additionally, the first voltage and/or the second voltage can be any
of a wide range of ,voltages. For exanple, the first test to voltage
can range fr omiehett—zehae i;ds tb it testi@Eremindviztihthe esprdiesttcorr¢relnsase oind
el ectrode, and thbdecond test voltage can range fromabout 10 nV to
about 600 mV _wi,th respect to the second electrode.. As i ndi ane
Such derect  Cd oPGRRRHGs b bl RaE Bt R Boiet e e 58P
hi gh track r emirsicingeateHban e Ranjpkdetdrintnelittgbshbkidels., slwat E2pnce can be
bet ween_an 15el ect.r ode cgnnector and the el g}:tro es .n t

el ectrothemi cal caPTar PREOYYAOHBATGRIPIIES 4PigE R 'ig‘é"af‘ﬂ“ﬁ? g’\??‘ﬁ’éle%ﬁﬁe

el ectrical |y ireRiagd/@ithM ehelpirlt altpéc the\ReseAHIREsi@N FRIOIxBBle O pdldRRy of the
met er and thg electrodes in the electrochem cal cell. Wile current

i's flowng déheEhelase s apesitetgAporit i dhessrond st wlpes: etfshyhe e eiftrede
wi i1 be di SSLRPLehoenidige b GbSnRECHHBNGD AMNTisnalihe M fbidde

hi gher the electrical resistance and curren ow down the track the
20gr eat er t hand/es|theasgeondrgpagelcan bhiny of aivadH raesetof velngesrdioh expmpde, Heded test

upon the curpapb. ?Anor\c’!\ﬁ v%lg"roggﬁ%@%r& B&b&ilt S0P S BLspSHR Y the LdcHRPel &ix’k@% .

the application of a tage being larger than the current flow ng

| onger ti mesandthesacond thg voldgeicar daygenfraymeyout thod e pbaut 600 mV withdesped to
medi ator clo ctrode at short times. If the track

resi stance i zn%ts%)%n{%lplgﬁ?dd\%hi le current is flowing the voltage drop

t hat occurs al ongAg indicsted ke sueh ktfelieo be Waitdied bhan edbsiimed ofthe methiog can

25l arger initial. current.s are.attenpting.to flow  This |arger than
oo vo 1t B Ehigh HpRyRaEerfhexFPte gt el Fbisifk i 8 ey oh
appl i eds bet welegirddl eorfe @61t dnd diRSeldchroddien fik etirceahinidaleall. T functdhiotihei n

turn will cause a lower current to flow th woul d be the case if
there was acl %Par%vrdaéne@&tgpaﬂyefﬁe@mw %t%ﬁnﬁfef PRPSUHRRIS ARIE,

the [ower thaReexRiasd 8ekuodéd i Me ddcR¥inRBicat cel N WHilelchiBS id ovisd RFinaResBY
comparing It tr?c s tsohn$e &%ﬁeheo?tzged;p%ﬁédogyetﬂe %Et(&)ay\;evilh% c}isggaated along the tracks according
to Ohm’s Law, with the higher the electrical resistance and current flow down the track the
20 greater the voltage drop. [n this embodiment, the method is based upon the current flowing
between the electrodes at short times after the application of a voltage being larger than the
current flowing at longer times, due to the initially higher concentration of reduced mediator
close to the electrode at short times. [f the track resistance is too high, while current is
flowing the voltage drop that occurs along the tracks will be greater than desired when the
25 larger initial currents are attempting to flow. This larger than desired voltage drop will
resuit in insufficient voltage being applied between the electrodes in the electrochemical
cell, which in turn will cause a lower current to flow than would be the case if there was
acceptable track resistance. According to this embodiment, the [ower than expected current

flowing at short times is detected by comparing it by the methods disclosed above to the

30 current flowing at longer times, which naturally being lower is not so affected by the high



30current flowi ng at |onger tinmes, which naturally being |ower is not
so affected by the high - 10 - track resistance. I n anot her
aspect, a nethod of identifying a defect (e.g., |eakage) in a test
strip is provided. Such nmethods can include applying a first test
voltage for a first test tinme interval 5between a first electrode and
a second el ectrode sufficient to oxidize a reduced nediator at the
second el ectrode, and applying a second test voltage for a second
test tinme interval between a first electrode and a second el ectrode
sufficient to oxidize a reduced nedi ator.|@t- the first el ectrode. The
met hod al so includes neasuring a first test current, a second test
current, a thi;pdetiggtcecurrent, and a fourth test current that occur
during the second test tinme 10interval, calculating a first logarjthm

of a first ratio Hesetheraspedbet methagoftidestifyingrardefrct reg leakaged Moot stiads
current, cal ?%Uv?&eh NGudh m&fRR dar gl%é %ﬁﬂﬂ?h&{a ﬁsﬁ@ﬁgaﬁag{%%r'a@ra%ﬁ?gmé’ Mhterval

the third te current and the ourt current, "and determ ni ng
whet her 5t he thetsteerst firspelhetiwde anfd m@ndwéﬂmgdeemffmﬂuatol axifizseasrediicohmediator at
first logarithm ec rlth X nt,
the def oct 1 SR elebor ERopty A3l tes! Ryl BFERRL iRl

el ectrode. | rlneﬂz&smrﬁrseﬂmmdmmassecmdreeaagedetsuffa:yam tocuxltlim rddllspd)med:latomt

the first elect 0 I on t he rea can

bet ween t he §lﬂ)6a‘rgét e?ezi e E@’ef‘?‘?@g k W%Sﬁ’@easg'i'?ﬁ ?grrst tﬁf rlS?N’éﬂ Se‘ffgﬁwgbs
such equat i ORErréit& tﬁﬁd)télstd.ﬁﬂ'ent! znldalrfo@me@ lcﬁ&eyn gabedindiing tﬂehecoam wattingn
Is athird ratio represente .1 s the fI%St t est %HL
14 currlént, iinteival, g3l aé@&aﬁﬁsté%g'ﬂthmfﬁé”ﬁ%t ratipaged anifle king§ (g Ct”é%‘f and the

current, and sdéhnd festt e tO8HIdullatih 88 kecond logarithm of a second ratio based on the third test
current and the fourth test current, and determining whether the test strip has a defect using
an equation based on the first logarithm and the second logarithm. In an exemplary
embodiment, the defect is a leakage of fluid between a spacer and the first electrode. In
15 some embodiments, a reagent layer can be disposed on the first electrode so that a portion of
the reagent layer can be between the spacer and the first electrode.
Similar to above, various such equations are provided. In an exemplary

()

=L | where i is the first test
1

Iog(—,lJ
Ly

current, iy is the second test current, i3 is the third test current, and iy is the fourth test

embodiment, the equation is a third ratio represented by

20 current. [n use, the method can further include a step of providing an error message
indicating a defective test strip if the third ratio is less than a predetermined threshold (e.g.,
about 1, about 0.95, etc.).

In one embodiment, the first test current and the second test current can be the two
largest current values during the second time interval. In one embodiment, the fourth test

25 current can be a smallest current value occurring during the second time interval. Also, in
one embodiment, a difference between a fourth test current time and a third test current time
is greater than a difference between a second test current time and a first test current time.

In this embodiment, the method includes comparing the shape of the current versus time



20current. In use, the nethod can further include a step of providing
an error message indicating a defective test strip if the third ratio
is less than a predeterm ned threshold (e.g., about I, about O0.95,
etc.). I n one enbodi nent, the first test current and the second
test current can be the two | argest current values during the second
time interval. In one enbodi nent, the fourth test 25current can be a
smal | est current value occurring during the second tine interval.

Al so, in one enbodinent, a difference between a fourth test current
time and a third test current tine is gregter than a difference

bet ween a second test current tinme and a first test current tine. In

this embodi meptse a@%mﬂ@&é’&)@ th&f! H%‘?%n&ﬁ’%?@k/é&%uh%f %@ﬁﬂ%p@é‘te&iﬂ@pe as

current versus time pro e, as enbodi ed
nmeasur ed cur regrbpdied bbﬂﬁmr@ﬁﬁng@bﬁh@ﬁm in erderdpringle 2 indment I@edetermmatwn as

pr edet er m nedo WAGRSIAL thapd B AL Hfteot GBS @obyurent. or det erri nati on

as to whether the sh rren ransient is acceptable.

5Addi ti énal ly, vaﬂddl!l@ndbfpwtoss wheas ofetriritbdaff lded&fyingfa;aierrgr iarpedormairg 4 tast
performng a t. i tr| in. lLn one,such
bepect ¢ e nerbs et B s AR iene Bl WS m s ineh fegmpfiges s
i nterval betwatmpedofd trasttmehmmucbewand fiast slecteaiid and eeécbmﬂﬂectxﬂ&@wasiuﬁgg

consecutively a fir st current econd test, curre

T et et S Chomrtnely el PRl h e RS ERam gt Bt aghrd S8 hefiapfted by
using an equafete@hinbRsadtiePar dor HAS Pirbrih@Bby Lﬂsir?g@weqmbneﬁs%anmumhd 1233}
of the absolute value of the first test current and the absol ute

val ue of the UAPHA" 8tmmganofthe absalyigyauagfihe fisktes purrabanddhe sheelyte value

measur enent s {ap tm?d t%'&t ichir&Rdvakiifs tl%%mr&cesab&»b&ﬁ n@a&fr&ﬁé?l'&cc‘in Beteen
t he neasurenents of the first test current and the second test

current can riangenloatialdiferone briapagbeoesureoeal olithe figgtest current and the
m | 1iseconds.q. /g Qs &mfeht{;%n ! n%% ﬁBn‘ﬁ%&t%ﬁé ms&clﬂb% TEsr YO ln§e§on9E A{QS’,

first test current and t test current can range rom a
one nanoseconrdinnadiftreonte bﬁﬁ'@ew’tﬂelm@mmml@ of the first 1Git parteat ardaheath od test current

variou enbodlne equatlon her,ei n. For exanpl e,
in an exerrpl ézran ran%‘%frc()jm aBotﬁo %angseﬁ% bo% ?(w mﬁ@;pc%nd (0)
abs(i(t-x))- abs( S(ntniax)@abovheamus(:m))odmertthef theecplatioﬁa&spromded Banéin. For

i(t-x) is the first test current .i(t+Xx) th t hi, S

is atime, andRPIFdn AheXeR %ddgf’é l'ﬁ‘é’q" \efs R\ r}r Fé@ r‘i’IbE(Ltéﬁ)

absol ut e 20f wleii+an, whete qnes wobedhdRitlcurréMg(1ag isthe ORt fe& cdrrent, i(t+x) is the
i ere i(t) is the se ond test curr ent

abs(i (t+x)) -

i (t+x) is théh‘fcﬁtieélﬁs?%é'étt *me X{s gndncgerpentaf t"aﬁanial?ssrepa?ﬁevtﬁe? ehselte
of tinmgy and ahksiok.CRIGRS @ﬁB&d:ﬁ&xt&h@é&dﬂﬁ& ik EMéHsﬁmnghﬁ%ﬁ(tﬁqwﬁéré Qﬂ% th@n
be useful to detect unexpected fast increases of decreases in

current whi clew@atifegt GUiERte i) iskkerthisthtetopigentsfiis Htimpand xdg arha@ement of time,

occurred. and abs represents an absolute function. These equations can be useful to detect unexpected

fast increases or decreases in the current which could indicate that an error with the test has
occurred.

25 Various aspects of a system for determining an analyte concentration or for
determining a processing or system error are also provided herein. For example, in one
embodiment the system includes an electrochemical cell having at least two electrodes with
the cell being sized and configured to receive a sample (e.g., blood). The electrochemical
cell can be further configured to determine an initial analyte concentration (e.g., glucose)

30 and also configured to generate a pre-determined voltage between the first and second

electrodes for a pre-determined amount of time, and further configured to measure at least



25Vari ous aspects of a systemfor determ ning an anal yte
concentration or for determ ning a processing or systemerror are

al so provided herein. For exanple, in one enbodi nent the system

i ncl udes an el ectrochem cal cell having at |least two electrodes with
the cell being sized and configured to receive a sanple (e.g.,

bl ood). The el ectrochem cal cell can be further configured to
determne an initial analyte concentration (e.g., glucose) 30and al so
configured to generate a pre-deternm ned voltage between the first and
second el ectrodes for a pre-determ ned at@unt of time, and further
configured to nmeasure at least - 12 - one resulting current of the
sanpl e duri ngné ReulfgedehesMhewhple diFing the @resdesdrmined simealTROsyisteal dad @lsa

processor for receiving a.set of data_fromth | ect rochem cal cel
Wher i n the cHAUS@RFPCETeT foR Eopiiiae pastof 8t T ihs destgriedries s [ ppreis the data
magni t ude of caf inki@@Sthe Alifal 6ALlytBBENEntABR, l286haR@lelcAEEISast GYophary§ 8Slied
one resulting current. The processor can further be configured to

utilize3this Vakaess ebd Ydeast oedesuiing Syireatt Bef mipRerspr eanciyribes BE Fenfisnisd &
for determ niyfg,Ang ¥isk SSHEEHHe d RrBied dHaBhk dohBklrati hidr S8 Bmint BRKIHEN
etc.). In one enbodinent, the processor can be utilized to provide a
corrected gl guese gobibdrick rsisgnces lsakagewicok laanesmbodireenhdlivaresepsor can be

| evel . In perf i (91 i t i) 0 heibloci level
et one Do Bk LS AES Mot ARl SSRTR b Lo
hemat ocrit | dwpdrfoamihgtthie fiinaiidr, e pglcassoswilicercenefreqtiations toklerpineaessor
can be confiqured in variouys manners fo.uyse, other. tions or .

par amotlr s oSbireh RS ReeRihy SRR BabebPi PG RiglFE iRl RU AR Sy Eyaron
obt ai ned fr ofmht p@cekachin bebfigaall incetkibus manners td/asgel cDies eap@Gtes parhmeters

al S0 pr ovi dedoRBRBEAN CeqeDia BARaspiar e ARa oHaet Bominy diemyeLpe!

strip having a sawplids adfect; @88 Hévaq feasbedet@MinlER@cle® ana@BEtonCendration
sanpl e such that the sanple is in conunicatigon with at |east first

and second ePREAIORIRVEIedHERIn ) BRsugh apertnar derdes iaclpdes gdsst stripawing a sample

di sposed on adacliGBhbm8AoffifEEd BHRNBESRhPle SRR thae ARSRhpIL AYIR LohMunication
formed of at | east one conponent (e.g., a nediator nzyme, etc.
u

e
configured t avithahleastirst and seeonsalrsirades Ebe dayice alse inclues a feagﬁnwwai)gségsed
applied to t : j I Rl j "
correspondi nrgaﬁéﬁlr@%h%saév&tlt@%? Jﬁﬁgéb rtﬁaeviga W%F%e\t\/ﬁi ch arozatirlﬁﬁlngg? io@go:g]p t (g ’
initial anal ptreedpgmcwaymateicorronighred to oraclevitietic aameply sush dmnhatderst hoivoltages

BRI EF DESCR ga_ﬂlgc}ltcgﬁe I%I%We%@w time intervals results in corresponding currents within

20 the sample which are indicative of an initial analyte concentration and a corrected analyte

concentration.

BRIEF DESCRIPTION OF THE DRAWINGS
The present disclosure will be more fully understood from the following detailed

25 description taken in conjunction with the accompanying drawings, in which:
F1G. 1A is a perspective view of a test strip;
FIG. 1B is an exploded perspective view of the test strip of FIG. 1A;

30
FIG. 1C is a perspective view of a distal portion of the test strip of FIG. 1A;



The present disclosure will be nore fully understood fromthe

foll ow ng detail ed 25description taken in conjunction with the
acconpanyi ng drawi ngs, in which: FIG [Ais a perspective view of a
test strip; FIG 1B is an expl oded perspective view of the test strip
of FIG IA 30 FIG I1Cis a perspective view of a distal portion of
the test strip of FIG IA;, - 13 - FIG 2 is a bottom plan view of
the test strip of FIG 1A, FIG 3 is a side plan view of the test
strip of FIG IA, FIG 4Ais a top plan view of the test strip of
Figure I A FIG 4B is a partial sijge view of the distal
portion of the test strip consistent with arrows 4B-4B of FIG A4A

FG S s 2 sl bid of sEemplbevslBhORsAhesiFIaeifr el ectrical |y

interfacing with the test strip contac FIG 6
shows a test voltage waveformin which the test neter applies a

plurality of 15t elsltc.g%;ggee amé‘g‘éérﬁl?l?%%&fﬁgd?#ﬁmm ervals; FIG 7

shows a test current "transient the test voltage
waveforfgn of FIG 6; 20FIG 8 is a flow diagram depicting an exenpl ary

enbodi nrent of a nﬁtgzgg.oftca Cl{zl‘eatitﬂﬁ ta%} ‘a}paolfﬁ 8. icentration for
sanpl es havi ng an ekt e REME6Er P &y &l'P ot e ‘G 9 is a chart
showi ng a correl ation between measured hematocrit |levels using a
reference method apd, BRas el i VRS heldistl horcion 678 st i EonSibtert Witk

arrows 4B-4B of FIG. 44A;

FIG. 5 is a simplified schematic showing a test meter electrically interfacing with

the test strip contact pads;

FIG. 6 shows a test voltage waveform in which the test meter applies a plurality of

15 test voltages for prescribed time intervals;

FIG. 7 shows a test current transient generated with the test voltage waveform of
FIG. 6;

20 FIG. 8 is a flow diagram depicting an exemplary embodiment of a method of
calculating an analyte concentration for samples having an extreme hematocrit level;
FIG, 9 is a chart showing a correlation between measured hematocrit levels using a

reference method and measured hematocrit levels using the test strip of FIG. I;

25 FIG. 10 is a bias plot showing a plurality of test strips that were tested with blood

samples having a wide range of hematocrit levels;

FIG. 11 is a flow diagram depicting an embodiment of a method of identifying

system errors;



25FIG 10 is a bias plot showing a plurality of test strips that were
tested wth bl ood sanples having a wi de range of hematocrit |evels;
FIG 1l is a flow diagram depicting an enbodi nent of a nethod of
identifying systemerrors; - 14 - FIG 12 shows a test current
transient of the second test tinme interval when a user perforns a
doubl e dose (solid line) and does not perform a double dose (dotted
line); 5FIG 13 shows a test current transient of the second test
time interval when a late start error occurs (solid |ine) and does
not occur (dotted line) with the test nstlgr; FIG 14 shows a
test current transient of the third test tine interval for a test

strip having a hi gm rl@%hcﬁﬁsadlﬁﬁcﬁri‘é:h@{?alfs{%ﬂt@tlﬁhss)ec@ﬂdes@tdne\iﬁtéreﬁIu&kﬁﬂﬁﬁzr

track (triangles); is a chart showi ng.a plural,i y of
rati o val ues Pprrﬁw@atdphlgle E’?P&t(s‘%t'd rlﬁn@)wn# dagsdpbprEiony égfm@% fgsp (qoged U

di stinguished froma | ow resistance test strip |ot; FI G 16
shows a plurality of test current transients for a test strip |ot

havi ng eakage 15b¥i-dehoves adpyicerenhtiansieneofithe S@POT@It@Séilméél‘éer(’@d@&P adafe
and for test st el‘rBr +c%:)§ (me{ le% afid ﬁbl%f é\%c%ﬁ}l(hé’ttédqw P\UHP{B& tég{ mét@r‘ff‘kage

(circles and trian oW ng a
plurality of ratio val ues for identifying | eakage of liquid for test

strip lots prepar %\1"}"4 sﬁ'o\&' {o&?%t é%‘}?pﬁ%ﬁg thih tgﬂﬂﬁ‘é ;t’n'ce%%?ﬁr%%st strip.

DETAI LED DESCRI PT

descri bed tohprioya thm|stmeaftadck (sanstes) ahduam thivngsistindeaclpfttiangiep); es  of
the structure, function, manufacture, and use of the devices,
systemi? and net hods di scl osed herein. One or nore exanples of these

FIG. 15 is a chart showing a plurality of ratio values indicating that a high resistance

test strip lot can be distinguished from a low resistance test strip lot;

FIG. 16 shows a plurality of test current transients for a test strip lot having leakage
15 between a spacer and the first electrode (squares) and for test strip lots having a sufficiently

low amount of leakage (circles and triangles); and

FIG. 17 is a chart showing a plurality of ratio values for identifying leakage of liquid
for test strip lots prepared with different manufacturing conditions.
20
DETAILED DESCRIPTION
Certain exemplary embodiments will now be described to provide an overall
understanding of the principles of the structure, function, manufacture, and use of the
devices, systems, and methods disclosed herein. One or more examples of these
25 embodiments are illustrated in the accompanying drawings. Those skilled in the art will
understand that the devices and methods specifically described herein and illustrated in the
accompanying drawings are non-limiting exemplary embodiments and that the scope of the
present disclosure is defined solely by the claims. The features illustrated or described in
connection with one exemplary embodiment may be combined with the features of other
30 embodiments. Such modifications and variations are intended to be included within the

scope of the present disclosure,



25enbodi nents are illustrated in the acconpanyi ng drawi ngs. Those
skilled in the art will understand that the devices and nethods
specifically described herein and illustrated in the acconpanyi ng
drawi ngs are non-limting exenplary enbodi nrents and that the scope of
the present disclosure is defined solely by the clains. The features
illustrated or described in connection wth one exenplary enbodi nent
may be conbined with the features of other 30enbodi nents. Such

nodi fications and variations are intended to be included within the
scope of the present disclosure. Ttxe presently discl osed
systens and nethods are suitable for use in the determ nation of a

wi de variety of angl *fﬂeﬁ'&uy alséloyadfi?sté@srdnatn%tﬂaﬁs %@Rla@ﬁ: foraurs@ ifthe
particularly suited use in determnation of anal ytes in whol e
bl ood, pl asneetcspingtian of ﬁt"éﬁi%‘tﬁnﬁ)’aﬂf sl yted id a vade \deety\wasammes, @ﬂﬁeﬂf@m’l’f!quﬂﬁr'y
an_exenpl ary abagi (&4 . 3 ReHEARE of Gty SUELARL bRaR IACh R kbl
based on a th|n | ayer Yool eredtrodes and

pul se ebect r dbik i dmlvatd\@s é’@teloﬁnlrlMWRttmmar@vmﬂahmemraagiudnsateaﬂ systers 1st i me
(e.g., about 5 s uir

o) ana. pr o BRSNS bireeh F iy Py Brel e Rl Torb e B St gl bl
measur enent s elelcmodhblaicamwctlanwbleh bl;ovgllaucﬂp‘ﬂ ahﬂystlsmms 6] abowtsetrdids),
oxidized tQ o gluconolactone usin | ucose, dehydr.ogena

o ect rocher Gai SaTaCEmaRF e st 14 150 ShABTVS STRER tol P Ly fgarecy
fromthe enzyiBlobd gmc@ahrleaammmnkmageaeh&pderl OflecosdinIR QRipleQsh 8¢ oxidibed

be utilized to agﬁééﬁa triple pulse otenti al maveforn1to t he wor ki ng
and coufter &pgl lgne P%’gﬁﬂt"ioﬁﬁ ffhﬁ ogsnets 49d Ap elgelrachepiss! brﬁcgvm%ﬂt?ro

cal cul ate t heagbdiaes® HeMeenRtiakindmh thEtiAne o a ﬁsnilda ;hinqzvb%kmg Ble@FdRt jon
gained fromthe three current transients may be used

di scri mi nat e PRERURSER, cadhepitibizedee apRina traqlmptéﬁﬁrm&eetlalwefvan FOaIbp wptkynaand
bl ood sanpl eg,dig c‘c@trmteé?ﬂmg in tlﬁ%ﬁ@rﬁﬁr‘dﬁ%ﬂﬁfsb@fo‘c‘gﬁrlag C}I s cose

el ectrochenically active co nent s e presently osed
met hods can Isenagrteationi Rurpher,red dfpbrei,l rnﬁmnmttwrneyﬁ@mheéir@wwuh@mimmay

cel | haying_3036ad: BRANLinL bal AN SRS ELAELLA0SS: A0ty FROSH!

| ayer ectroc can
test strip. Ismpieaadlmsqnbmatodrin,eenﬁﬁnrasﬂe vsfaa"tlop, arelectrovhbragel ]t a/unvoqmqsnmgs.

Sl e e I w1150 B RS e 45 B Eio e yith anvetyve of
p](c)si tioned. Qtetrc&khTicgleell Iha*}%nh@spaééd aphrk Firs@rarseg@natRetidias %Mﬂeiigeﬁbd@ﬁﬁ.
(0] test strips I NCl udil or exa 1 StI‘IpS Wlt copl anar
el ectrodes a% Omafnp!fsmba?ﬂiﬁogfaﬁnaw aﬁgcawbﬁ i ‘f’rBFOémtOﬁéFPSl $HaP- elngne ppadthe
may al sp be w@esinwnta?.ﬂcnﬁem&%ﬁn@las&rdd&%@pmé@wa th&rPdplaées, fonleféﬁhﬁm%B

show various views of an exenplary test strip 62 suitable for
sample-receiving chamber or zone in which a reagent layer is pos:t:oned One skllled in the

art will appreciate that other types of test strips, including, for example, test strips with co-
planar electrodes as well as configurations with more than two electrodes may also be used
with the methods described herein.

25 FIGS. 1A to 4B show various views of an exemplary test strip 62 suitable for use
with the methods and systems described herein. In an exemplary embodiment, a test strip
62 is provided which includes an elongate body extending from a distal end 80 to a
proximal end 82, and having lateral edges 56, 58, as illustrated in FIG. 1A, As shown in
FIG. 1B, the test strip 62 also includes a first electrode layer 66, a second electrode layer 64,

30 and a spacer 60 sandwiched in between the two electrode layers 64, 66. The first electrode

layer 66 can include a first electrode 66, a first connection track 76, and a first contact pad



wi th the nethods and systens described herein. In an exenpl ary

enbodi ment, a test strip 62 is provided which includes an el ongate
body extending froma distal end 80 to a proxinmal end 82, and having
| ateral edges 56, 58, as illustrated in FIG 1A As shown in FIG IB,
the test strip 62 also includes a first electrode | ayer 66, a second
el ectrode | ayer 64, 30and a spacer 60 sandw ched in between the two
el ectrode | ayers 64, 66. The first electrode |layer 66 can include a
first electrode 66, a first connection track 76, and a first contact
pad - 16 - 67, where the first connectigg.track 76 electrically
connects the first electrode 66 to the first contact pad 67, as shown

in FIGS. 1B gpdy g mbete c&rﬁh@éﬁo‘h%c}f 148 Ectx‘?éaﬁ? E&B@@is 86 ficst eﬁctp&fe% theFirst
the first electrode | ayer 6 is 1mediately underneath

reagent | ayercomact Peftﬁlilﬁﬁdiﬂ@’at'@ﬁl%%/ 1Bja@h4B 1 Notgrilept 48, ﬁfSlel?Plf‘aqelﬁgﬁ s # pation
second el ectrp %f#%%ﬁgﬁgélﬁépaiﬂ |Hﬂﬁnéi§8g9@ﬂg§%ﬁmhgge ﬁéwx%zggcond

connection trac a “second cont act e” second
connect fon t riabdatedSydl@stia zmdl4[B,f Scmtiznlycths stdoad sle@mddlaefhlei,‘ltqaodwll@ia
with the second gonta

sho j Fl . 1B, 2 n B., Not. e

that the sccorand PRt 8 ¥ssSity el ek Js. TR seelit ocfrasl B O tiindiO e
IAfgyer 64 tggtsedﬁﬁd amwi:ohhﬁtl:l{ '@@]eﬂmﬁca!lﬁy@fnc&s?thca&giimdbcﬂ?ti];edtl bfgthgi%b(hﬁnd
snown Sa e-r n 1.S erin t he
(Drst ol ecty sannngn 8 a8 TRusitParL b8 ast Bl Risarmy 12 sesont BCpt ks

the distal endrd odfhekdtond 818&trodt ldybr ddhat 3SabSRONB rdafent l4ver Bagingichitd Sy

4B. The first_electrode 66 and the second el ectrode 64 can define the
bot t om!&nd tﬁ%Gtﬂb of the sanpl e-receiving chanber 61, respectively,

as illustrated i “AEEI%wn@éa%plére%HWngchﬁﬁlﬁﬁs5@ d@ﬁnédhﬁ tﬁ@@@@&ecﬁ@d&@é‘the
define the sidewal | s of the sanpl e-receiving chanbef 61

i || ustrated iseeopd eiectepde 611 i His spasgesd near the d@@h@desﬂroée@.t’w ﬁtgpéﬁaa&ﬁhﬂwn in
61 can inclu (gﬁfcp@&ﬁ p@ Adabh iy venééﬁ»o@e o%aamkr%sb&h%ne@we% ch x&mﬂheag

shown in Fl 1A-1C. For exanp one of the ports can allow a ui
sanpl e to i ngrkws arhte tape! dtersemplpamewmhamberéé, raspeetively, 20illpsteared in FIG.

exenpl acy. emtgdi gy ouhgs SAHPLSLSRELY ke SHAUBELIST AANBAEcSine

smal | vol une. "For “exanpl e ave ‘a vo
range of frorhabeutl Qs dlusiraediniAErdss.tia oabmpbct,'&hmanfpdﬂ-retevmg cladncbet 6 Ocar

mcroliters to,about crol.iters er abl about

Morolfters oBaggs 20 FrGras SRRt BRaE ER shi DS Ia1C. For
vol une, the euimplE oR8ol@B pbtaan alloval faidrsangle Aginffessand ieUithdd pOod cavdl: 45
about 0.2 cn®, about 0.02 cnt o about 250.15 cn®, or, preferably,

about 0.03 cr¥®?o about 0.08 cn2. In addition, the first electrode
20 In an exemplary embodiment, the sample-receiving chamber 61 can have a smail

volume. For example, the chamber 61 can have a volume in the range of from about §.1
microliters to about 5 microliters, about 0.2 microliters to about 3 microliters, or, preferably,
about 0.3 microliters to about | microliter. To provide the small sample volume, the cutout
68 can have an area ranging from about 0.01 cm® to about 0.2 cm?, about 0.02 cm? to about
25 0.15 em?, or, preferably, about 0.03 cm’to about 0.08 cm>. In addition, the first electrode
66 and the second electrode 64 can be spaced apart in the range of about 1 micron to about
500 microns, preferably between about [0 microns and about 400 microns, and more
preferably between about 40 microns and about 200 microns. The relatively close spacing
of the electrodes can also allow redox cycling to occur, where oxidized mediator generated
30 at the first electrode 66, can diffuse to the second electrode 64 to become reduced, and

subsequently diffuse back to the first electrode 66 to become oxidized again. Those skilled



66 and the second el ectrode 64 can be spaced apart in the range of
about I mcron to about 500 m crons, preferably between about 10

m crons and about 400 m crons, and nore preferably between about 40
m crons and about 200 microns. The relatively close spacing of the

el ectrodes can also all ow redox cycling to occur, where oxidized
medi at or generated 30at the first electrode 66, can diffuse to the
second el ectrode 64 to becone reduced, and subsequently diffuse back
to the first electrode 66 to becone oxidized again. Those skilled -
17 - in the art will appreciate that varLﬁy§ such vol unes, areas,
and/ or spacing of electrodes are wwthin the spirit and scope of the
present di scl . I first el ect e |laye

and the secon@stg{&Yi‘%&ggﬁgﬁﬁggél%glg%m‘gé’gﬁ’éng%&ﬁeg ’ia\r/le/g?é?% 8ei"r1$ 3?%{%%8(?%\:@&
from mat eri al witsindie sasit god dopgpaetlthagtesem dichistoon, sil ver, platinum tin

oxide, iridium indiu or..combj nat ] ons er eqf ., I ndi um dppe
oo ey I bSO o 86 b ol ivent Hr e R 84 can
conduct ive na?ﬁo'halﬁtmﬂ fn@tef:lﬁls formed abinmgatahBach R@blds paadiimbyarbon, silver,
sputtering, electroless plating, or a screen-prjinting prqcess. |n one
exenpl ary enbdlgiHEh{n ok PG it O e rtfi%@fémftn Grcestin ov1de).
Joel ectrode | py:@aitibf, (hddledRBdd¥RAR bE foRHEARIdiiREIRE 2 BéHduatle Wiaté@Rfonto an
sputtered gold, respectively. Suitable materials that can be enpl oyed

as a spacer 6USYigERsRSt Eoyeiona] hy dIPUReréE eleqtinieshpletns el sscrastohintg
for exanpl e, &B@e§§.'lﬁ%né Excth iarfg;ll-bo lr!':rf-:rn%th@ syéléptlgge lagéri:ggggé RR&bRd

pol ystyrene), silicon, ceram®Ts, glass, adhesives, i nat1 ons
t her eof 10 | n otlectiodblepérrédsan be hadesiar sputt@@d paliadiye dnd spuigred@old, eebpegtively.

doubl e si ded i i } . A

sheet where tﬁggg%ﬁég?%gqﬁggmg%eﬁ#§?§§$§§§g%%??ﬂ@éwg%v%gg?kég |§%Fed.
Those ski | | edmatpridlheudiras, for ¢édamafgpplegicatess. tAAL PEEG| mlsmatehpolyaretoexie.al s
for the first_ el ectrode. | ayer 66, .the ,second el ect.rode | aver ,64

ot o the. o iR STisb e RS, sl MR RO Sn G SRS NS 1P e,

di scl osure. \embodinsenmelodspades 66 mandé orthpfoan 8 s esubtesasided @dlutsive kel dno

di spose,a reagent. |layer .72 20within the sanpl e-receiving chanber 61.
For " exaliol e i ipediSiar & pojener bl uhers s At e Y B Piepind HANINE or he
sanpl e-r ecei Vicilgat€d) ATHaSY skl led WS ihd drt i D G HERTe GRCRArias cthed nateialsiferdhe first

di spensing froamthe end of a tube, ink jettinﬁ and screen prijinting,.
I'n one enbodi Hestede lanes 65 the ssspnd elorsioderlayer A, anior theapaser ¢lage ithin the spirit

nedi ator and fQ sefpeuiedndediiseigpRsi ted onto the first el ectrode 66.
Exanpl es of suitable nediators include ferricyanide, ferrocene,
ferrocene Various mechanisms and/or processes can be utilized to dispose a reagent layer 72
20 within the sample-receiving chamber 61. For example, the reagent layer 72 can be disposed
within the sample-receiving chamber 61 using processes such as slot coating, dispensing
from the end of a tube, ink jetting, and screen printing. In one embodiment, the reagent
layer 72 can include at least a mediator and an enzyme and is deposited onto the first
electrode 66. Examples of suitable mediators include ferricyanide, ferrocene, ferrocene
25 derivatives, osmium bipyridyl complexes, and quinone derivatives. Examples of suitable
enzymes include glucose oxidase, glucose dehydrogenase (GDH}) using a pyrroloquinoline
quinone {PQQ) co-factor, GDH using a nicotinamide adenine dinucleotide (NAD) co-factor,
and GDH using a flavin adenine dinucleotide (FAD) co-factor [E.C.1.1.99.10]. The reagent
tayer 72 can be prepared from a formulation that contains 33 mM potassium citraconate, pH
30 6.8, 0.033% Pluronic P103, 0.017% Pluronic F87, 0.85 mM CaCl,, 30 mM sucrose, 286 uM

PQQ, 15 mg/mL GDH, and 0.6 M ferricyanide. Pluronics are block copolymers based on



25deri vatives, osm um bi pyridyl conpl exes, and qui none derivati ves.
Exanpl es of suitable enzynes include glucose oxi dase, glucose

dehydr ogenase (CGDH) using a pyrroloquinoline quinone (PQQ co-factor,
GDH usi ng a ni coti nam de adeni ne di nucl eoti de (NAD) co-factor, and
GDH using a flavin adeni ne di nucl eotide (FAD) co-factor
[E.C.1.1.99.101. The reagent |ayer 72 can be prepared froma

formul ati on that contains 33 I nM potassiumcitraconate, pH 6.8,

0. 033% Pl uroni c P103, 0.017% Pluronic F87, 0.85 nM CaC 2, 30 nmM
sucrose, 286 uM PQQ 15 ng/nL GDH, and O; 8 M ferricyanide. Pluronics
are bl ock copol yners based on ethyl ene oxide and propyl ene oxi de,
whi ch can f ungliyl@R oakle ald propaeieGiRYSNICS caATMion Wedntifdaghiggarns andifie
formul ati on can be applied at sone desired rate (e.g., about 570
pL/ min) usi ngwﬁt"%@eéguge needl e poi sed about 150 pm above a
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spacer 60 may rl.ap a touch the reagent |ayer . ~J:he . spacer 6
oy be Bont | gRbEmv TP, e T e S et S4E laf e SR FeGEmeR
el ectrode 66 RERNENcHaRBUGEaBoUPBS5tMR Ton@f thii\BvihiSa e bioluR¥er ablodit 0.8 pl..

bet ween the spacer 60 and the first el ectrode 66. The spacer 60 may
intermngle or part® Prf qpbodinacah thegeagepidpyer damay havsenagadunsr thag g argaof the

to forma |i ogtkhidR&S ﬁ%*&i&?@ﬂhé Sabd?®0 Hal Slerfh 8 (RSLHE Ceagent layer 72.
sufficient to define the electrode area for at | east the totgl t ést

time. Under cHretspacar ¢ maxbsseoafieersd Wewea inud frepptyasnble saglde thipdirstglegiaade 66
sufficigntly j ] i t
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seal and, as @-.rlésgpacer GO0meayl ingmidgleny pataly dissowee portine obtha cepend Biyenvd to
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area for at least the total test time. Under certain circumstances where the reagent layer 72

is not sufficiently dry or there is contamination such as dust particles present, the spacer 60
25 may not be able to form a liquid impermeable seal and, as a result, the liquid may seep
between the spacer 60 and the first electrode 66. Such a leakage event may cause an
inaccurate glucose measurement {0 occur.
Either the first electrode 66 or the second electrode 64 can perform the function of a
working electrode depending on the magnitude and/or polarity of the applied test voltage.

30 The working electrode may measure a limiting test current that is proportional to the



Either the first electrode 66 or the second el ectrode 64 can perform
the function of a working el ectrode dependi ng on the magnitude and/ or
polarity of the applied test voltage. 30The working el ectrode may
nmeasure a limting test current that is proportional to the - 19 -
reduced nedi ator concentration. For exanple, if the current limting
species is a reduced nediator (e.g., ferrocyanide), then it can be
oxidized at the first electrode 66 as long as the test voltage is
sufficiently nore positive than the redox medi ator potential with
respect to 5S5the second electrode 64. In sgych a situation, the first
el ectrode 66 perforns the function of the working electrode and the
second el ectr, f 0
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perform ng an anafysis can 1 nclude introducing a quantity of a

sanpl e into allpatepihads applied by thytestnagitrd 00 G411 haram@ﬁepbqs statgdwith msc;méto the
aspect, the port %@tQHQGQr t he 20sanpl e-recei vi ng chanber 61 can be
configured suc ? at capillary action causes the fluid sanple to fil
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Initially, performing an analysis can include introducing a quantity of a fluid sample
into a sample-receiving chamber 61 via a port 70. In one aspect, the port 70 and/or the
20 sample-receiving chamber 61 can be configured such that capillary action causes the fluid
sample to fill the sample-receiving chamber 61. The first electrode 66 and/or second
electrode 64 may be coated with a hydrophilic reagent to promote the capillarity of the
sample-receiving chamber 61. For example, thiol derivatized reagents having a hydrophilic
moiety such as 2-mercaptoethane sulfonic acid may be coated onto the first electrode and/or
25 the second electrade.

FIG. 5 provides a simplified schematic showing a test meter 100 interfacing with 2
first contact pad 67a, 67b and a second contact pad 63. The second contact pad 63 can be
used to establish an electrical connection to the test meter through a U-shaped notch 63, as
illustrated in FIG. 2. In one embodiment, the test meter 100 may include a second electrode

30 connector 101, and first electrode connectors 102a, 102b, a test voltage unit 106, a current

measurement unit 107, a processor 212, 2 memory unit 210, and a visual display 202, as



15t he second el ectrode. FIG 5 provides a sinplified schematic
showing a test neter 100 interfacing with a first contact pad 67a,
67b and a second contact pad 63. The second contact pad 63 can be
used to establish an electrical connection to the test neter through
a U-shaped notch 65, as illustrated in FIG 2. In one enbodi nent, the
test meter 100 may include a second el ectrode 30connector 101, and
first electrode connectors 102a, 102b, a test voltage unit 106, a
current neasurenment unit 107, a processor 212, a nmenory unit 210, and
a visual display 202, as - 20 - shown imgklG 5. The first contact
pad 67 can include two prongs 67a, 67b. In one enbodi nent, the first

el ectrode congact A 192% é@?&@&%& t@trynaemtprar%stst%w QRYRe 672,

67b respectl vel Y. e secon ect ro e connect or can connect to
t he second ccmtbaértneﬁpsm B8 eleThedetcenneciorst 22, 1020 srparaieksagounest torike prongs 67a,

resi stance or ﬁ 'gptcrtllv% ﬁtgn%cloﬂ Il%%rogg Ecyv%g& r llb? + 9&9@0&07@(% se%ZrEdoéOBﬁgt

det erm ne mhét est Strip e "aee i y connecte
test nmeter 1Qfd 63}1'éhestkstlniemlln®lca*rheeaam theirédistajopoedécatoal ¢dndbuityttervices the

meter 100 can use rje sen and CI cuits t

The test st o or S todlelering SEPBR e B i o s s by S e Bopd s
meter 100, 1Ghdlerane. endsdilgEnthe ai'thﬁlita teisetiat thd Gt metlr Hprby uk avadéty of
vol tage and/or a current be éween t i rst co act 67 .an $
second cont acENSBERNG SIrcuE ipdetgmine ﬁ’é‘t‘%‘?‘ 5‘19 P’ Pegtignsd pvigh fespect to
strip 62 has hegf ndisqpded, the test neter 100 turns on and initiates
a fluid detection node. In one enbodinent, the fluid detection node
causes Mhe test mit @ erpodimenkthedessreten | MRIn FoRly o SISt afBssHWier £ Rureny

constant cur rbgﬂtee@ hee}‘pﬂléhntgctgam'fzér@qwﬁ&%d\’t\,@%& phd 8 éﬁ&qty\e&%&éﬁoe

first electr and t cond el ectrode 64. 'Because the t _
strip 62 is |rmogma¢51t9atdtreystrln fixhas den insstied, theOest metes AP RIS m@h@ttmtw@dsy fluid

large vol t a‘gedetc%\{n(!nblftI Qﬁ"e brgdfn?e(At % ﬁuh cf" ?]eq%immﬁghés/ (ggugti%gﬁeb&&%}et& mﬂtg

test neter is Cca
gap between tdttempu to BpplE h ecttage dumhﬁﬁat andhstanecusestonfabalt @dtmmnbemﬁéte conldrigw

t he d05|ng process ter 100 w asure a decrease.in.
hppl | edvol § AR trey S steEFodelRsE b ot peafar B n Prdutil €3G0
cause threT1D t gsih:ume)hﬁy, htw&sttrﬂet&ulooIi’i’&hsoug@ahylaﬂi%i)]Elia@b@oltdge \ghldﬁﬁmﬂ)eﬂlﬁﬁkd by
I n one enbodi pent,. the test nmeter 100 can rforma est
applying a plt @P*‘Wmo“t)h?$s‘t‘at\ﬂtﬂ t?%@@?rfsc?ﬁp"gfee%fé\)f?%ag WF' &‘ifﬂgld sé'Egle
shown in Fl Gbr@%esTF@gd@|Hé{v&|eh the Rt eleBiBdde\68lah @GR SedFBY cleftEddY @8 davidel th&dosing
test voltage 1/1 for first time interval 11, a second test voltage

25V2 for a sdvessth the st MafeeFQPavilimeasuipadecreaps ingrplisdivoliegerad whermit fsdteioav
third time i nfeLdatmihdd thfeshold will cause the test meter 100 to automatically initiate the glucose

test.

In one embodiment, the test meter 100 can perform a glucose test by applying a
plurality of test voltages for prescribed intervals, as shown in FIG. 6. The plurality of test
voltages may include a first test voltage V, for a first time interval Ty, a second test voltage

25 V3 for a second time interval T,, and a third test voltage V; for a third time interval T3, A
glucose test time interval T¢ represents an amount of time to perform the glucose test (but
not necessarily all the calculations associated with the glucose test). The glucose test time
interval Tg can range from about 1 second to about 15 seconds or longer and more
preferably from about | second to about 5 seconds. The plurality of test current values

30 measured during the first, second, and third time intervals may be performed at a frequency

ranging from about 1 measurement per nanosecond to¢ about one measurement per 100



gl ucose test tinme interval TG represents an anount of tine to perform
t he glucose test (but not necessarily all the cal cul ati ons associ at ed
with the glucose test). The glucose test tine interval TG can range
fromabout 1 second to about 15 seconds or |onger and nore preferably
from about 1 second to about 5 seconds. The plurality of test current
val ues 30neasured during the first, second, and third tine intervals
may be perfornmed at a frequency rangi ng fromabout 1 neasurenent per
nanosecond to about one neasurenent per 100 - 21 - mlliseconds.
Wi | e an enbodi ment using three test volyﬁges in a serial manner is
described, one skilled in the art will appreciate that the glucose

t est | di f.f e ent t and test volt
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names "fsirst, giuco&ﬁ@ﬁ@guld :rﬂ;ﬂﬂe ‘ah BpenChirc@F f%>r§|ﬁ9s$ ﬁ&efﬁérvgowe%&m@s@ QoldREora
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Ti can wange lfefcmmhalapmtcatﬁhlﬂofsled'ﬂstdtﬁd ‘sanonabeﬂtvo[ﬂagseconds and preferably
range from about ds to ut se d

LSpret or anl y r anglFF BReLbtwe 8y B RBRERERuRte MBSt anety o firstes
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In one aspeCtaboﬁt@%eédnﬂ§§ndt;ﬁ§féram 4138 ErorabBRY). DR céhds & AoltvBdeYorld®\Wnd most
value so that a relatively small amount of a reduction or oxi dation
current'si s meuefemply range o abputdhhiggond iy abgut lesegandiel y snal | anount  of
current is observ ; the
second and third tqlﬂ ?rg&r %@g;@geal 11'|'B1%§ i bmc'm%ﬁsﬂégiégrtr%a ttﬁ%\%ﬂg{ﬁqﬁgﬁ%g
ferricyani de chadpasic! car fuﬂmﬁamﬂn@amle@h@almmatdne reagent layer 32 cangss feast

vol t age VI f

Vange 1 rom gy BfsdH{4FSERE, 1 oh i, 18 PRl veldhe; mBy 68 SRy ow
from about - 3@hueko thet atsbuively malﬁm‘nount ofa reekfdtien oacppdaylpmg.utdnemﬁnemnred
test vqltage , » Lhe test nd t e V2
et weertlt he. (i1PsT BFaLE b IRKEY G0 eRamy ol fnCr SBRrshEing fahiine
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V2 My be a ViEeraeyERidE edpi fiﬁm ?\%‘HE"? R o R S e
potential so fidibiboat |00V RAbEUI- plﬁw pﬂafe@awmﬁge frSm BRAS LIDGRIV & abolites mv,

second el ectrode 64. For. 30exanp when using ferrj cyanl de and/ or
ferrocyani de %€ mMorPrefa@Plyr#IEe f‘ioﬁbab%‘cé%ﬂlvttéﬁ’o“t -0 mV
25 After applying the first test voltage Vy, the test meter 100 applies a second test

voltage V3 between the first electrode 66 and the second electrode 64 (e.g., about —0.3 Volts
as shown in F1G. 6), for a second time interval T; (e.g., about 3 seconds as shown in FIG.
6). The second test voltage V, may be a value sufficiently negative of the mediator redox
potential so that a limiting oxidation current is measured at the second electrode 64. For

30 example, when using ferricyanide and/or ferrocyanide as the mediator, the second test

voltage V3 can range from about —600 mV to about zero mV, preferably range from about -



vol tage V2 can range from about -600 nV to about zero nV, preferably
range fromabout - - 22 - 600 nV to about -100 nV, and nore
preferably be about -300 nV. The second tinme interval T2 shoul d
be sufficiently long so that the rate of generation of reduced

medi ator (e.g., ferrocyanide) can be nonitored based on the magnitude
of alimting oxidation current. Reduced nediator is generated by
enzymatic reactions with the reagent |ayer 72. During the second tine
interval Tz, a limting anount of reduced nediator is oxidized at the
second el ectrode 64 and a non-limting aopunt of oxidized nediator is
reduced at the first electrode 66 to forma concentration gradient

bet ween the fMO%V%%fDﬁ)@n@@aﬂﬂ'ﬁloPé}ﬁaﬁﬁBf}%‘éaﬁ$LﬁC§ﬂ5(Plﬁ? 64. ioln an

exenpl ary enbodi nent, the second tinme intefval T2 should also be
sufficiently |ong e sedend timednieraldhchmuldbesufiiciontly langsb hatihe et efpandsation

generated at Sﬂgdlﬁgfﬁg&léﬁa@% rfg'gtﬁgzgﬁde&'ohxfﬁéfrgén% Ft QEH%H{PIL rﬁggmtude ofa

ferricyanide I's require ’hé secon
limting currnitingaxidig@nmeastr 8dddced mediatdr mgnrgara‘taf ooy ematbaeationsheath the

first electrode 66, du o t.he. third,test vol . V3. The segond ti
ntorval 7o mseRRerd 72" BRERE b bR TR sk PRy 5 HEint g ARy SE Rkl MeFiaor
from about 1 eridirdd arahaipooid elddirsdec@inld 2 nantimitganuef doaldized madiger is
from about 2 sgconds t agout 5 é%ﬁpnds. . FIG,. 7 shows a
relatively sn® Cef)é‘a‘ke irshplecifode R tofarm fATSEPtEHon gadisut bavypen fgdirst electrode
interval T2 fedindwatkebdhdal@iragiuml 1 ncrease of an absol ute val ue of an
oxi dati on current durlng the second tinme interval T2. The snal

peak
i pb occlfrs due to [BA" p¥FRIALY e'HE?ﬂ”é‘eqdhe Hrondgunvierod T ldiade bﬁﬁ“ﬁ-‘c‘e““)’

about 1 secongpg ;Jlﬁatglrs@ﬁ}b?ént &rﬁ&fn@@ﬁlﬁrric el cgﬁlbé QéheFaWdra?ﬁl% séoh@ElediidBe 64.
smal | peak ipb |s caused by the generation of férrocyani de by reagent

| ayer 72, whi&hkutfigient @?@ﬂ[ﬁé@”@!ﬁ“@éé&fﬁwl@ﬁ atthe srtendaectrode 64 sqrhatarlimiting

appl yi n the t

FRPE Tast volreanbe e Bfuding Eofih oL Bis AEChoRPPS Uithathe hir
el ectrode 64 ts.vgltageabolihe se@m?d 28d/oleral Thmey & le&)thairmboat GOseeaaldg, ipraerably
| nt erval T3 (%g?e ﬁonq‘fllf%??@g:o Mo a'bgf}t lﬁ)seco sd*flnd{] e Ip rablvoa{nt% &om a§ourr§y

be a vallue su ciently p05| Ive Re “hedfs i'a
that a I|nltlngpmMnﬂmbunmmrm«ment is nmeasured at the first electrode

OO, For SXample, WhE, Uelng Lottt ds Andhon, Lol ooy anL I8 Al N
about 600 nV, TR aygracalauecraseﬁfmwuté@@lusw Ar0oxadd@ibh o8t diving afed
30more pref ers%lg(lm% tPn?e 1%@?\/% T;. O’Iohe small peakzlj, occurs due to an initial depletion of reduced
20 mediator at about [ second. The gradual increase in oxidation current after the small peak
ipy is caused by the generation of ferrocyanide by reagent layer 72, which then diffuses to
second electrode 64.
After applying the second test voltage V,, the test meter 100 applies a third test
voltage V3 between the first electrode 66 and the second electrode 64 (e.g., about +0.3
25 Volts in FIG. 6) for a third time interval T3 (e.g., | second in FIG. 6). The third test voltage
Y3 may be a value sufficiently positive of the mediator redox potential so that a limiting
oxidation current is measured at the first electrode 66. For example, when using
ferricyanide and/or ferrocyanide as the mediator, the third test voltage V3 can range from

about 0 mV to about 600 mV, preferably range from about 100 mV to about 600 mV, and
30 more preferably be about 300 mV.



The third time interval T3 may be sufficiently long to nonitor the

di ffusion of reduced nediator (e.g., ferrocyanide) near the first

el ectrode 66 based on the nmagnitude of the oxidation current. During
the third tinme interval T3, a |limting anmount of reduced 5nediator is
oxi di zed at first electrode 66 and a non-limting anount of oxidized
medi ator is reduced at the second el ectrode 64. The third tine
interval T3 can range from about 0.1 seconds to about 5 seconds and
preferably range from about 0.3 seconds to about 3 seconds, and nore
preferably range from about 0.5 seconds ts  about 2 seconds. FIG 7
shows a relatively | arge peak (peat the béginning of the third tine

interval T3 10f ol d a decr.gase to St eady-state currept. i s

val ue. I n one enbg§¥%gﬁg¥wfwgvgé@ﬂﬁﬁd?39@°W@ﬁ@3§%§vamﬁgﬁ%ﬁg&@mﬁnPfrst
p(r)ll arity and rédvesd lhédiﬁoﬁ(];e%t, far@ichmie) Var ﬂﬁﬁr&lahﬁaﬁie%%ﬁg oﬁtﬂe&ﬂdg’h%ude of
that is opposjte.to the first poJarjty. Ln a er enbodi nent, 't
second t est \?%ﬁ PLGHOR MR @‘H”@J#?&‘Eﬁs \éﬁﬂfg}ef}%g‘laﬁ Npaitigg appunt H’é’&ij‘éff’ r
redox pet ent ingddiaditts dxidizddht Figkt biegtody 86 hrienoMinsiaRg Ao bf dxGdifAtnhadiator is
positive of the nedi ator redox(Eotentlal. The third test voltage V3

may 15be applfged sfisceaand clpcigdedr Thethird diawdnternal Tasar raagefryp about 0.1
However, one sglghiid 8AbiR Sts%nﬁgd And'Wrdrbra P pa{ngggrﬁl%b&ﬁ 3l &%d%ﬁh@b&t%@@conds,

and polarity of the second and third tes ages can be chosen
dependi ng on antmarpemieferabiyrangaifiom sbeull 0/% secends tegbontd seeondss  det er ni ned.
Assum ng that a t i I : j - A,

2s shown 1 F1 G5, Fioh gnb s 47,80 |RORSL Lok IS RA nk BELD A AGERRCE,
t he test strifgloxsdShovpcrease K Giteady-s@Ganrremiis vahle. gh aoosebod mmeng rtersadondn

3@ can be cal cul ds,US| | ucose. al gorjthm as .sho in,. Equatio
B 2% B Y HB I B Bk SRRE MARE BB BEY Tl S Bhs

val ue, 12 i s palasgabnds dppstiteqolthedindt pulatitye In @iochel Smbalimerit the sbebraigst voltage
current valu and t .terns Zz,.and,.a are empirical,l erived
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in Equation lcatisesuftitgenall) podititecor il dialiddr cbdd petehtifNThe thite tdst ¥odthgd BShay
current value i and.the second test current value i2 can each be

defined*by a e'a%&eaa'émséiatswﬂﬁ&thwcw tgsh ¥olge Yor Boppeadne shiletdn theagwill
current val uggprbdi@t that the magnitude and polarity of the second and third test voltages can be
chosen depending on the manner in which analyte concentration is determined.
Assuming that a test strip has an opposing face or facing arrangement as shown in
FIGS. 1A-4B, and that a potential waveform is applied to the test strip as shown in FIG. 6,
20 an initial glucose concentration Gy can be calculated using a glucose algorithm as shown in

Equation 1.

Eq. 1 G, =(i—2}px(axi,-z)
i3
25 In Equation 1, i, is a first test current value, iy is a second test current value, and i3 is
a third test current value, and the terms p, z, and a are empirically derived calibration
constanis. All test current values (i.e., iy, iz, and i3) in Equation 1 use the absolute value of
the current. The first test current value i; and the second test current value iz can each be

defined by an average or summation of one or more predetermined test current values that



- 24 - occur during the third tine interval T3. The third test
current value 13 can be defined by an average or summation of one or
nore predeterm ned test current values that occur during the second
time interval T2. One skilled in the art will appreciate that nanes
"first,"” 5"second,” and "third" are chosen for conveni ence and do not
necessarily reflect the order in which the current values are

cal cul at ed. Equation 1 can be nodified to provide an even nore
accurate glucose concentration. Instead of using a sinple average or
summati on of test current values, the termmcan be defined to include
peak current values ipb and i pe and the steady-state current iss, as

shown in 10E%@Iridgﬁn%theﬁﬁrd ténd infRbvat 71, PR iird 8§ cu@én@%lﬁ@u céh be defined by an
cal cul ation of the steady-state current Ls can be based on a

mat hemat i cal avexdgg or swamtl@xefmp@r mpiearedetgrmiagdiesigarrent valugs tha ey ditined
time intervaly, or, nr?dbtﬁﬁ’ {eﬂgﬂ T?’Qﬁ%ﬁ%ﬂgﬁﬂn thwﬁmgiméc%t%aﬁaﬁgé {Jm%f or

cal culating Ls ca oun at ent No 413,410 an ]
Patent [No. 5,'9e2nd,02nd ‘ttlmei”em ¢hosetn;iomonv¢:mee putdorosndgedsargy reflect the order in

i ncor por ated her.e b Equation 2 can be conbi ned
with Equati onq‘l?fbtlh \’fgenii etsl encalfu*atefl determining a 20nore accurate

gl ucose concentr alE]qoamoh Nakn bamodifispriatide dnavert mereprasan glicak concentration.

endogenous a d/or xggenous interferents.in A tgl ood sqng)l g |. P Glg X

(a xi2 X {I dlggium%asmple average or summation of test current values, the term Jy can be
deﬁned to include peak current values iy and iz and the steady-state current iz, as shown in

10 Equation 2.

A calculation of the steady-state current iss can be based on a mathematical model,
15 an extrapolation, an average at a predetermined time interval, or a combination thereof.
One example of a method for calculating iy can be found in U.S. Patent No. 6,413,410 and
U.S. Patent No. 5,942,102, the entirety of these patents being incorporated herein by
reference.
Equation 2 can be combined with Equation 1 to give Equation 3 for determining a
20 more accurate glucose concentration that can compensate for the presence of endogenous

and/or exogenous interferents in a blood sample.

p . . .
i _2
Eq. 3 Gl:(f—Z] ) axiyxqm el |,
iy INES

25 In addition to endogenous interferents, extreme hematocrit levels under certain
circumstances can affect the accuracy of a glucose measurement. Thus, Equation 3 can be
further modified to provide a corrected glucose concentration G, that is accurate even if the

sample has an extreme hematocrit level (e.g., about 10% or about 70%).



. + In addition to endogenous interferents, extrenme hematocrit
| evel s under certain circunstances can affect the accuracy of a

gl ucose neasurenent. Thus, Equation 3 can be further nodified to
provi de a corrected glucose concentration & that is accurate even if
the sanple has an extrenme hematocrit |evel (e.g., about Wso or about
70%9. - 25 - Addi tionally, various enbodi nents of a nethod and
system configured to account for and/or identify various system

user, and/or device inefficiencies and/or errors are provi ded herein.
For exanple, in one enbodi nent, the system can accurately determne a
5gl ucose concentration of a sanple havi ng~an extrenme hematocrit

| evel . Additionall t he,system can .be co dto identif
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step 2001. A v¥ariosdenttedimanal &radmcribbd belowbe applied for a first tine
interval T1, as shown in step 2002. The resulting test current is

then neasured for the first time interval T1l, as shown in step 2004.
After the firaghalfé metei;tmneitmireﬂelﬁemh@:rmem test 20voltage V2 is
applied for a sec&?d tcf' |nter\r€€ as shown in step 2006. The
resul ting test curf@hfdsiad sysiems Sectialsl PG RES R CarTARPT i Siige

Tz, as shown Heﬂmﬁfcﬁpsagﬁ%are@réﬁdedﬁ@%uﬁ%@@ﬁnﬁﬂé"?l@ BLgh Yigly df ran{&%wtmga
thlrdtest voltage V3 is ap time interval T3,

shown i K st epmgb%’m‘)@rﬁ@ qa@s@rnﬂg ﬁgﬂc'é'ergtp g&ﬁ@ﬁeéﬁmcentsatton it prsaws B blp@d

the third ti T Stae t
current val ucra% hg\glgéot{)lgéear? e}geﬁééé@;ﬁ&ﬁ;t llégel éqsl&e%%é}mgtg%%%nw@glﬁ&% sample
gl ucose concentlredest emipGls soewn b@tapélloﬁhl Affiet jesavoltageoVucan e smépd 20 adirst time
Thelnltlal t, cal t uat i
e TmLiL el SWRECE, BPOERNL S 9SG, ERLSHLALS et LS, PR
shown i n st epi@Pib@rval Ty, as shown in step 2004, After the first time mtervai Tl, the second test

20 voltage V, is applied for a second time interval T, as shown in step 2006. The resulting
test current is then measured for the second time interval T, as shown in step 2008. After
the second time interval T,, the third test voltage V; is applied for a third time interval T;,
as shown in step 2010. The resulting test current is then measured for the third time interval
T3, as shown in step 2012.

25 Now that test current values have been collected by a test meter, an initial glucose
concentration Gy can be calculated, as shown in step 2014. The initial glucose
concentration Gy can be calculated using Equation 1 or Equation 3. Next, a hematocrit level
H can be calculated, as shown in step 2016.

The hematocrit level may be estimated using test current values acquired during the

30 glucose test time interval Tg. Alternatively, the hematocrit level H may be estimated using

test current values acquired during the second time interval T; and the third time interval



The hematocrit |evel nay be estinmated using test current val ues
acquired during the 30glucose test tine interval TG Alternatively,
the hematocrit level 11 may be estinmated using test current val ues
acquired during the second tinme interval T2 and the third tine
interval - 26 - 13. Inane enbodi nent, the hematocrit |evel BE can be
estimated using a hematocrit equation based upon the initial glucose
concentration G and the second test current value i2. An exenplary
hemat ocrit equation is shown in Equation 4. S Eq. 4H = K5 111(ji2l)
K6 In(G K7 The termH is the hempjpcrit level, his at |east
one current val ue during the second tinme interval, K5 is a fifth

const ant,

Toone Brho d| nehtn%‘zﬂgéré%g n?&@gﬁeﬁ{bﬁnato%ﬂglebﬂ%&n g%ﬁ‘ﬁ%gédnﬁ&g'}%te%%cm
respectivel y. eqehi{an l@scghiposthe hmﬂaltgheoas:bnamlrﬂubnhﬁhmd the second evslugenisilog iz
Equation 4 ha near correl n wth actual

narmt oot & 1 e PEriaa: (e edbatiof BRhodr b Eoiiondl once the
henat ocrsi t IeveI H has been calculated in step 2016, it is conpared

to a |lower predeterm ned hepatocrit |ev n step 2018.
The | ower predeterm ned 15h fret ocri t }Ilejéllm)dﬁgsj’ \S\g%ut 30% If

the hematocrit level His less than the | ower predeterm ned

hemat ocrit |evel 55/ then the initial t,él.ug:ose concentration G is
conpared to an upgdf temddisites hamursriglerios i atlsav eng suarenorluaduriag ths sespnd

in step 2020.4.Ihg e?’@a@%s nﬁé ﬁﬁl‘?hﬂs{&hﬁﬁg sg%s%ﬁﬁ’;?&asféﬁﬁ ] @E's&}éntgéoﬁ@a\ﬁt b

about 300 ng/dL. ematocrit level His not [ess than the | ower
pr edet ermi nedomen@t)djmemt K. dte indHy mashien- 760, irelrdd b easpectivey.eF1GL 9 5hoei that

CoTD e e o Ol MRSl RSB SIS SR AR ks LBl o SRR

step 2022. The upper erm ne ocri
50% If the heitajoct hmndtmnelevblsmasgredaméramfemcé-lnpthbmen the ini t| aI

o ucose, concenty aiday ek eE TR Agb ook BTk B SSATEL A R ee e
gl ucose COnCHBW&@rtdb&r@hedﬁﬁtMm_b@crﬁMHﬁH;l@_Qsl’iﬂighdlb.stelﬁi(ﬁlas TR kveapiddelétditned
Icgﬁlcgﬁz Saz Ih g%%ﬁ%gglggﬁﬁqyme%gﬁ% %\gkf" tE'l r{n%é&rﬁ ﬁalvel% Ejsclgsss%han the lower
predetermined hematocrit level Hy, then the initial glucose concentration G, is compared to
an upper predetermined glucose concentration Gy, as shown in step 2020. The upper
predetermined glucose concentration Gy may be about 300 mg/dL. [f the hematocrit level
H is not less than the lower predetermined hemataocrit level Hy, then the hematocrit level H
20 is compared to an upper predetermined hematocrit level Hy, as shown in step 2022. The
upper predetermined hematocrit [evel Hy may be about 50%. If the hematocrit level H is
greater than Hy, then the initial glucose concentration Gy is compared to a lower
predetermined glucose concentration Gy, as shown in step 2028. The lower predetermined
glucose concentration G, may be about 100 mg/dL.. Steps 2018 and 2022 indicaie that
25 method 2000 will output the initial glucose concentration Gy, as shown in step 2034, if the
hematocrit level H is not less than Hy, and not greater than Hy.
A first function can be used to calculate a correction value Corr, as shown in step
2024, if H is less than Hy, and if the initial glucose concentration Gy is less than the upper
predetermined glucose concentration Gy. The first function may be in the form of Equation

30 3.



hematocrit level His not less than Hy and not greater than Hu.

A first function can be used to calculate a correction value Con, as
shown in step 2024, if His less than Hy and if the initial glucose
concentration G is less than the upper predeterm ned gl ucose
concentration Gu. The first function may be in the formof Equation
305. - 27 - Eg. 5Corr -- KI(HL - H The termK1l is a first constant
and HL is the | ower predeterm ned hematocrit |evel. 5In one

enbodi ment, Ki and HL may be -0.004 and about 30% respectively.
However, if His less than HL and if the 4nitial glucose
concentration GL is not |less than the upper predeterm ned gl ucose
concentration CU, then the sec dsfuncti(?&rgggfggﬁ%ad to calcul ate
the correction value Corr, as sttown in step " "Thé second function
may be in the formof Equation 6. 10 Eq. 6Corr = K2(HL -(Gmax - 01)

The termK2 is a cond .constant and G;., .". 1S a predetermn ne .
nmaxi mum gl ucose szﬁggeﬁ;p ¥ %hfsp?%%@ﬁtea"‘éﬁnb&fp?r@ﬁ'ff gf@q‘%{w egh?mgto?fﬁ>l/evﬁle
- 0. 00? and abl@awhe &ﬁ&)dﬁggrd, K, and HimdyeRpe.0dd ahglayout’.ﬁh%, ﬁgieme\?eﬂ)i.gn val ue
Corr for Equations,5 and, e stricted to.a range of ,about -

to about zero. Thjf?}”ewn&ﬁ%%ﬁlﬁ%ﬁaﬁ%&ﬁhe-'slf'a&a#@ﬁsecﬁs* Ferfigies ol
and if Corr ithaOfheapRr pkaﬁé}nﬁi%ﬂcg'lﬂcbférho%&atloﬁ G35 theh theZBEcAd function caftbe
third function can be used to calculate a correction val ue Cor

r as
shown in st ep'ssoBGaicplpieths wngetonrvalue Geras Trowndn si9p 2026 Tha sepend function

gl ucose co_nce,gg_&tih R 6 glsEc#ug@@, g.han a | ower 20predeterm ned gl ucose
concentration . The third Tunction may be in the form of Equation
7. Eq. ®Corr =0
Eq. 6 Corr = Ko(Hy - H) (Grax- Gy)
The term K is a second constant and G,y is a predetermined maximum glucose
concentration. In one embodiment, Kz and G, may be -0.004 and about 600 mg/dL,

15 respectively. The correction value Corr for Equations 5 and 6 may be restricted to a range
of about -5 to about zero. Thus, if Corr is less than —5, then Corr is set to —5 and if Corr is
greater than zero then Corr is set to zero.

A third function can be used to calculate a correction value Corr, as shown in step
2030, if H is greater than Hy and if the initial glucose concentration Gy is less than a lower

20 predetermined glucose concentration G, The third function may be in the form of

Equation 7.
Eq.7 Corr=90
25 However, if H is greater than Hy and if the initial glucose concentration G, is not

less than the lower predetermined glucose concentration Gy, then the fourth function can be
used to calculate the correction value Corr, as shown in a step 2032, The fourth function

may be in the form of Equation 8.

30 Eq. 8 Corr = K«(H - Hy) (G, - GL)



25However, if His greater than Hu and if the initial glucose
concentration G is not less than the | ower predeterm ned gl ucose
concentration G, then the fourth function can be used to cal cul ate
the correction value Corr, as shown in a step 2032. The fourth
function may be in the formof Equation 8. - 28 - The term 1C4
is a fourth constant, which may be about 0.011. The correction val ue
Corr for Equation 8 may be restricted to a range of about zero to
about six. Thus, if Corr is less than zero, then Corr is set to zero
and if Corr is greater than six then Corrpgis set to six. S5After
calculating Corr with the first function in step 2024, the first

gl ucose concentr ai,pph Kmﬂﬁﬁ%r{sgn%%mm&he hlgbu%gpl 203&orrbdtioh Q%ue
first glucose concentration is | ess then the second

gl ucose conceffnrr ﬁxrﬁqmatm 8imay bgirestrictaddo a ganigm of @olﬂi zesatm@bw et [Tows, if Corr is
eauatl on: as JRAMA Zk. BEER.2%RR: DRl R ARP IR i GO PRROLS o
gl ucose thres o be co

I n one enbodi nent Aftteheilc:u@glhgcbsrewtl'htmeﬁl'soﬁ.dctmyn stem g4 ﬂlalfnrsalgblu@sem

ng/dL to about 100 ngl/.dL. The fifst

orm of _EquaiPBBitRgs im0 boT e RER GG 0P, FIAPNIRY et oS

c ﬁ ncentratio {jle:@lthahSO@hgfdQS theh fianedo gmgésé horﬁ&ﬁt&tﬂiom 5, $¢ @jruR@d6;sing b dinst

the correcte ucose concentrat.i on a sec

correction ecfﬁgf‘it‘ﬁﬂ cquptioy F‘?B\;&}?"Y“rf“ stp ‘&P ]I“’ste@dﬁégllc BEE’FeéE'It? fbg}”c"se

equation may (h@sHol dndehdudd 7Bt Gk cHidHadd /R nmtmgaﬁﬁq;e 1 Ghe Ebodik@ft the 100
After the corrected glucose concentrati cal cul at ed

élther 8t ep 2@58ﬁ6hm§ﬂ%bmznﬁmgeﬁ?m@§m6a9ﬁwﬁﬂéaaa§ﬂé&bw&@ésé“?8§HWﬁ§&wﬂ

in step 2042..,0f8" ag@k%”h@hhﬂgﬁﬁﬁﬁ&mh@ step 2026, step 2030, or step
2032, the corrected gl ucose 25concentrati on &G can be cal cul ated

usi ng Equation 10, as shown in step 2040. Wen Corr
Egq.9 Gy=Gy + Cotr.

15 If the initial glucose concentration Gy is not less than 100 mg/dL based on step
2036, then the corrected glucose concentration G is calculated using a second correction
equation, as shown in step 2040. The second cotrection equation may be in the form of

Equation 10,

20 Eq. 10 G, = G][l + C°“)
100
After the corrected glucose concentration Gy is calculated in either step 2038 or step
2040, it is outputted as a glucose reading in step 2042.
After calculating Corr in step 2026, step 2030, or step 2032, the corrected glucose
25 concentration Gz can be caiculated using Equation [0, as shown in step 2040. When Corr
equals zero (as for the third function), the corrected giucose concentration G; equals the
injtial glucose concentratton Gy, which can then be outputted as a glucose reading in step
2042.



equals zero (as for the third function), the corrected gl ucose
concentration & equals the initial glucose concentration G, which
can then be outputted as a glucose reading in step 2042. - 29 -

The net hod 2000 for cal culating accurate glucose concentrations in
bl ood sanpl es having extreme hematocrit |evels was verified using

bl ood from several donors. FIG 10 shows a bias plot for a plurality
of test strips that were tested with bl ood sanpl es having a 5w de
range of hematocrit |evels and gl ucose concentrations. Mre
specifically, FIG 10 shows the effect of,gwhol e bl ood sanpl es having
a w de range of hematocrit on the accuracy “and preC|S|on of the new
test system As sq

es
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n i sanpl e

concentration e bl oo as an extrene henatoc
| evel . bdent ishg# rbg}0$;isnoe.m Hierhemgtocrit was adjulfed io@0% (eqrbced), ABA6% (cxfcla) or
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an exenpl ary enbodi of a nethod 10 identifyin stemerrors
" por for m nd AR PLENER gieb e et oGl fipse T b (LTS
test by appl Yonétian saaanbarrt»oma] a@sﬁdssjhrtﬂenwenaﬁ)cﬁh@wtma dnd $Heapitidi0hdose
After the sanple has heen the test neter applies a first test

vol tagd® V1 f&Pregnidtion Frﬁws??ﬁt@%rmw%ofm aGCHraly opeateshaiicosa,

resul ting tegbn@HkdiRRG,leverd PRI b%@%ﬁﬂﬁﬁghisodﬁ] elkf?@nd hdnttockit l@el' nterval
Ti, as shown in step ld 5a. During the first tinme interval T1, the

test meter pddanifving SysemBmassidose check 1006a, and a maxi num current

check 1012a. If e'v% 5 e%ﬁd:ﬂx@h‘t@ bfa fﬁ%@d Fobfiﬁkté%glgfégsté?ﬁ ofT5R | VRHER (G lhﬁﬂée

check 1012a fail s, en the test neter w an error nessag
as shown in sxs@prrmmen pérfarméngddedt test dotee ercdreckd d€fBG e tavtstrpsxarealw

current,,chec lﬁécé/%aanr erxgmgl%sﬁgx ﬁ ) ffoﬁl«em& dé@étmg ang aﬂem%?lﬂ?' Xmg?as e

t est vgptage for INt ersy
1004b. - 30 method 1000 of identifying system errors in performmg an analyte measurement, As

shown, a user can initiate a test by applying a sample to a test strip, as shown in step 1002,
After the sample has been dosed, the test meter applies a first test voltage V) for a first time
interval T), as shown in step 1004a. A resulting test current is then measured for the first

25 time interval Ty, as shown in step 1005a. During the first time interval Ty, the test meter
performs a double dose check 1006a, and a maximum current check 1012a, If either the
double dose check 1006a or maximum current check 1012a fails, then the test meter will
display an error message, as shown in step 1028. If the double dose check 1006a and
maximum current check 1012a both pass, then the test meter can apply a second test voltage

30 V, for a second time interval Ty, as shown in step 1004b.



A resulting test current is neasured for the second tine interval T2,
as shown in step 1005b. During the application of the second test

vol tage V2, the test neter perforns a double dose check 1006b, a

maxi mum current check 10126, and a m ni mum current check 510146. |f
one of the checks 10066, 1012b, or 1014b fail, then the test neter

wi |l display an error nmessage, as shown in step 1028. If all of the
checks 1006b, 1012b, and 101 4b pass, then the test neter will apply a
third test voltage V3, as shown in step 1004c. A resulting test
current is measured for the third time inggrval 113, as shown in step
1005c. During the application of the third test voltage V3, the test
neter perforns a do I .
10126, "o i ni e oo FONERE SR E GO RE e TR T THES P, S350 nsep
and a sanpl e 1084k ageringhbeippliGRida of the sabhd Bt vohagedhethk seslOSScperfdOh 2,
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sanpl e-recei vi ng hERERS leshsuirens ifmeasiradior thsithir iy intaned d's e phasgigia gtep
on a user' s SEIdlihedOhpReBRSYME HTHALst (Al FYIRe R AG HUIHIRRG Rofie

a doubl e-dosi ng even currently disclosed system an can

be confitgur eddosectiecke HO6Eymaxinbm dotdsit eheck [ P12eyemingmurRgurrent almsk ¢014g) high
12 shows a test: r NSl I ' S
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observed (seel(ddd,iltl4c] MEPc, avdh @O 4cipessetherstha tesdoethl eilldbeplayg ghweset , t he
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i naccur at e r eadinils, Tiershe tedt neSer w8l displyy slegior alekgd, @s stdomtih kigp 8028,
doubl e-dosi ng event and then have the neter output an error nessage

i nst eadof outputting a potentially inaccurate reading. A

doubl e- dosi ngp&MwELbsd Aledds| y causes the neasured test current to be

| ow i n magni tude because the el ectrode area 30is effectively

decr eased when oniAydayblssiops esguis whie g teeg apglieharsigsybligient eplumerok Blopd tora
applies the sgpond.doss GHmBH i en gﬁll%@a‘é‘ﬁdséqugﬁl%[us%?ﬁﬁkﬁg) fRfthe? fill the
sudden increase’ in the effective - 31 - electrode area and al so
because t ur bulempecwiineeambere Arddsidkdentrolime of blped Hwraspedroapoiseresdingertip

close tg the rKi e I 1.t : C i Al
be geneiraat ed %gég%@e'"g&p%b fL' :ﬁ%ﬁth&o Q%Lﬁgmreedgggﬁ%dlgggsgltse{%&h@%\%ﬁn% by
t he sanpl e f odiscidsed gmtemrand trestodtcamie coifigiged @ridentify such double-fill events. For

example, FIG. 12 shows a test current transient where a double-dosing event occurs during

the second test time interval T;thereby causing a spike to be observed (see solid line).
When there is no double-dosing event, the test current transient does not have a peak (see
25 dotted line of FIG. 12).

A double-dosing event can cause a glucose test ta have an inaccurate reading. Thus,
it is nsually desirable to identify a double-dosing event and then have the meter output an
error message instead of outputting a potentially inaccurate reading. A double-dosing event
initially causes the measured test current to be low in magnitude because the electrode area

30 is effectively decreased when only a portion is wetted with sample. Once the user applies

the second dose, a current spike will occur because of a sudden increase in the effective



5i naccurate glucose reading can result if a test current val ue used
in the glucose algorithmis depressed or elevated as a result of the
doubl e- dosi ng. A nethod of identifying a doubl e-dosing event
(1006a, 1006b, or 1006c) may include nmeasuring a second test current
and a third test current where the second test current occurs before
the third test current. An equation may be used to identify
doubl e- dosi ng 10events based on a difference between the absol ute
value of the third test current and the absolute value of the second
test current. If the difference is gr eat e, than a predeterm ned
threshold, the test neter can out put an error nessage |nd|cat|ve of a
doubl e- dosi ng_eve The hod of entifying t ubl.e do

event ‘may. be HEVPUF et et prruleRrs it Al iychd eyl Rertuponed
current val uedoitethealdricng electidde t eidtieiss, |ase feprocyahhie xﬁmuagmmeaauecab@ea
15in the form of E atlon Hl for cal cul at] a difference value Z for

det er m ni ng. WSKAERT 13F RSB BRI BRI N AemPISciBL P Bt tegh ey b, an
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i(t-i-x) is athird test current is atime for the second test
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neasurenents. |1 L84 Hﬁdéwt!f;ﬁn%ﬁ Sﬁfl]a dJsE:@'évéht PIORELt 6668 &91‘606@ may

threshol d of about 3 m croanpere test meter may out put
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based on the fest n st vol tage mav fo and ot her
factore, - gowemeod st heio BB RERY FOF of GERITT PHGPS mes
doubl e- dosi ngseﬂéﬁ&ﬁﬁnnér%s%e,tesl@lﬂﬁsﬁt valitl Gl coﬂéctemﬁﬁa testdndi@! MAgleqution can be
provi ded whi ch includes neasuri a first test current, a second test

current!s and & tefogmgof %ﬂé{atlmlr@h@alwl?éméafiﬁ@rm:? alua % &r detgppipig Whethenas

before the SefRBR-do8it eRatiddgRERAD the third test current occurs
after the second test current. An equation is provided to identify

doubl e- dosi ng events based on two tines the absol ute val ue of the

second test current mnus theg ﬁltﬁol utez\/a‘lﬂ#gggi)%rjlasﬁtpt est current

and m nus the absolute value of the third The equation
may be in the formof Equation 12 for calculating a summation value Y

for det vl m ni ng Wtﬁ‘n% que?rlﬁs ?(t)qs(;) Y g)elcgn- o icgrgen?,\{&-ng) ip 2 gﬂrd test current, t is a time for the

second test current, and X is an increment of time in between current measurements. 1f the
value Z is greater than a predetermined threshold of about 3 microamperes, then the test
meter may output an error message due to a double-dosing event. The predetermined
thresholds disclosed herein are illustrative for use with test strip 100 and with the test

25 voltage waveform of FIG. 6 where the working electrode and the reference electrode both
have an area of about 0.042 cm? and a distance between the two clectrodes ranging from
about 90 microns to about 100 microns. It should be obvious to one skilled in the art that
such predetermined threshoids may change based on the test strip design, the test voltage

waveform, and other factors.



10occurred. Eq. 12Y = 2*abs(i(0)- abs(i(t-x)) - abs(i(t+x)) The terns
i(t) is a second test current, i(t-x) is a first test current, i(t+x)
is athird test iscurrent, t is atime for the second test current,
and x is an increnment of tinme in between neasurenents, and abs
represents an absolute function. If the sunmation value Y is greater
than a predeterm ned threshold, then the test neter nmay output an
error nessage due to a doubl e-dosing event. The predeterm ned
threshold nay be set to a different value for the first tinme interval
T1, the second tine interval T2, and the.4furd tinme interval 13. 20

I n one enbodi nent, the predeterm ned threshold rmay be about 2

m cr oanperes for i i ient.erveal: - T [oTUN ] r
the second timo. i it Grpi b EintBingd douBRULLIng R L TRBE R0 or
time interval1008c), ainethpd sopedvidediwhga iodiudes mehdsingra firsh testodjranst esfcens test
result of the various factors suyc or..exampl e, nqgise. LN _the, test
recer. {1 equanterotedhBE e Puit YheBdns iilinT COH GeusRGs b pleio &6
el ectrodes, tdaediagd erchrdeiiwaemt béwrselflecthe edtosd te@suirentpAakalztibn tsy of

a false positive identiflcatjon of a doubl e-dosing event nd, th
probabi | | Ly orOUdsHp SleniikysRubigdostoacyens Ped porasimes (b thsplulaale gEe
event. The makhed t@f cirdtgithinhyinRabionte AU erd @fi QgreRNRE tniksitheabsolute
Equation 12 can be performed for_nultiple portions of the te

) g st
current transyabge! theghiedfstiicuren Hg wyationpayegimhesorm ot Euaiand 2 fefr e

accur at e t hanfEglatd S8indntatfofvahe §¥hi devdrmthitloWRues d A8k EIL d SN Vet had
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basel i né@ cor rasetriedn. When using the test voltage waveform of FIG ?,

t he doubl e- dosing check can be performed at a time period just after
the beginning of the first, second. - 33 - and third tine intervals
because a peak typicall yEgclurs atY tRéabis@t)) nabsift-v) —tebst/(tixhe
intervals. For exanple, the test currents neasured at zero seconds to
about 0.3 seconds, about 1.05 seconds, and about 4.05 seconds should
be excl uded from ftlhe tethas ift)ds dosomiged clremk .i(thisi anfiran t&u cwreant, iEe ¢da third test

As referred to i) stens 10162, 10020, AN 10120 QL ELG Hhue B ERALTUT

current Pcheck"ld f)é e do% 1B° PG RKHFY A S0E X Rdpergnes et B it tfng’éet

strip defect.mdeuexainylasd Obs @ple@ais an absolute function. If the summation value Y is greater
than a predetermined threshold, then the test meter may output an error message due to a
double-dosing event. The predetermined threshold may be set to a different value for the
first time interval T, the second time interval Tz, and the third time interval Tj.

20 In one embodiment, the predetermined threshold may be about 2 microamperes for
the first time interval Ty, about 2 microamperes for the second time interval Tz, and about 3
microamperes for the third time interval T3. The predetermined thresholds may be adjusted
as a result of the various factors such as, for example, noise in the test meter, frequency of
test current measurements, the area of the electrodes, the distance between the electrodes,

25 the probability of a false positive identification of a double-desing event, and the probability
of a false negative identification of a double-dosing event. The method of identifying the
double-dosing event using Equation [2 can be performed for multiple portions of the test
current transient. It should be noted that Equation 12 can be more accurate than Equation
11 for identifying double-dosing events because the first test current and third test current

30 provide a baseline correction. When using the test voltage waveform of FIG, 7, the double-

dosing check can be performed at a time period just after the beginning of the first, second,



10neter error occurs when the blood is detected late after it is
dosed. An exanple of a defective test strip occurs when the first and
second el ectrodes are shorted together. FIG 13 shows a test current
transi ent where the test nmeter did not i mediately detect the dosing
of blood into the test strip (see solid line). In such a scenario, a
| ate start will generate a significant anmount of ferrocyani de before
the second test voltage V2 is applied causing a 15relatively large
test current value to be observed. In contrast, when the test neter
properly initiates the test voltage maveﬁﬁ[n1once bl ood is applied,
the test current values for the second tine interval are nuch
smaller, as illystrated b he dotted line in FI 3. . | ate
start event cabtisyB et Hetro ebpileotutal g bomine of bt o
be desirabl e ih@rvhldeRdd dxyimple] taé &std&ma]?ms fesited attbrd dtesndd avsbolih®3 seRbiek,
out put an error nessage 20i nstead of outputting an inhaccurate X
readi ng. A | #beutdtasecoadeand dboysh®d serandi s ecp e idad i e dpvblsdesing

| arger isn magpidyude because there is nore tine for the reagent |ayer
to generate ferrocyanide. Thus, the increased test current val ues
will likely distort the accuracy of the glucose concentration. In
addition to gt est., pehok @kQr, @ short between the first and second
el ectrode can 25cause the test current to increase. The nagnitude of
this increase depdndefemed tp frestepsdfi2a i 2bfand hel Zslofi fitG.rd,  maxispargwent
between the fjrst second el ode. I1f t I es) IS
relatively | ()(’\l}/]v‘,m$kziC a’?ﬁ‘?‘éﬁ"?v"e@?’tﬁ%gg@é{TB%gri et"iol;/?ar %?%gﬂﬁﬁere@%e&h%éﬁé%{& gg%eﬁte
test cuwrent matreimngoupethenthedldod is deacrdiad sfieglitucdsed.r &5 ganpe. of a

Maxi heck (.1012 0126 101 b f d
o o Lo RSB atE opar Langrira st stnad kosflPt pilbEld ety 10 13

val ues to a phewet EtruRed rhkkids Vadrd tRNEt MefePdit hbNighnRdiatly GdtechBS SRUE; of
if the absolg&g@value of one ogg%ge nmeasured test current , - 34 -

values is gr Antp fgriest HelP Gieg i 1B g R SeRREp  latgsart 3l geeEtsd ned

threshol d can;hficaftaniotndf ®rfde lnRiRtbeitd e sdcBiid EeftQolidgeSit, is ﬁﬁ&fﬂausi@%‘]hd
third test tinme intervals (T1, 1.13, and T3 I n one enbodi nent, the

pr edet &F ni nedelatielislRgE Geshewreievaliis st be alterived: rlb spEaFle Whenthe telamgtersqperly
time initiates the test voltage waveform once blood is applied, the test current values for the
second time interval are much smaller, as illustrated by the dotted line in FIG. 13.
A late start event can cause an inaccurate glucose reading. Thus, it would be
desirable to identify a late start event and then have the meter output an error message
20 instead of outputting an inaccurate reading. A late start event causes the measured test
current to be larger in magnitude because there is more time for the reagent layer to
generate ferrocyanide. Thus, the increased test current values will likely distort the
accuracy of the glucose concentration.
In addition to a test meter error, a short between the first and second electrode can
25 cause the test current to increase. The magnitude of this increase depends on the magnitude
of the shunting resistance between the first and second electrode. If the shunting resistance
is relatively low, a relatively large positive bias will be added to the test current causing a
potentially inaccurate glucose response.
Maximum current check (1012a, 1012b, and 1012¢) can be performed by comparing

30 the absolute value of all of the measured test current values to a predetermined threshold

and outputting an error message if the absolute value of one of the measured test current



5interval Ti, about 300 m croanperes for the second tine interval T2,
and about 3000 m croanperes for the third time interval T3. M ni nmum
Current Check: As referred to in steps 1014b and 1014c of FIG 11, a
m ni nrum current check can be 10used to identify various potenti al

i ssues, such as, for exanple, a false start of a glucose test, an
inproper time shift by a test neter, and a premature test strip
renoval . A false start can occur when the test neter initiates a

gl ucose test even though no sanple has been applied to the test
strip. Exanples of situations that can cajse a test neter to

i nadvertently initiate a test are an el ectrostatic di scharge event

(ESD) or a teppat E[%ea?é?%aﬁ tl%%%%&n{n%{? HhesBA4. ‘?ﬁé:ﬁ%t%@ﬁlgg%&ﬂglg%?n be set

Such events can cause a relatlve ge curren.t to serve or a
| east a shor ttopwliféanent valug forthetfinstt seconidt andttieisd tasttigwtintexvels (Thdughd Mg Inone

| i qui d sanpl e _has. be introduced. in he [i :
i nadvert ent ieﬁlgbto?la elngﬁhe(ﬂ‘r edz"f%gﬁlﬁl %tshéesﬁ(gcsi%”aﬁg%g%ogﬂg%mé ?aénéate rersng%rg}% t%r%t time
out put a | ow igienab¥ g abam3ehhicadamperes foe thetsbiawm d ime dnteraaiilearadoySD0been

applied to the test strip. .Thus, it 2 uld be desirable to identify
an inadverted?mFﬁWPﬁﬁfﬁEdewnﬁmﬁTWE%?@*gest so that the test meter
does not output a falsely |ow glucose reading. Instead, the test

met er shoul de&_rgvi de an error message that instructs the user to
re-insert theMagmg Cagentsthesks or to insert a newtest strip for

performng the tes g@akdyo ifsthps ™18 UlIOME FHG! 1 1DY mMihifuk&StreRh&K can be
can occur when the third test voltage V3 is 25applied early or |ate.

An ear | ¥ appl useditoi igantifif varies pawintial issees; sueblas dgreexuBPishiolalse sted a5 ealuense test,
epe el | o OEVERPL PRl ARG AP e U

relatively large c a positive po ty i nstea
rel atively snmkir véhen tienest vaten éitivitdsha ghicngegedt ever thaighmp sgmplAhdsdieen applied to

application g e thixd test,volta V3 shoul se t. test. . ..
Pt O S O R R S B e
rel atively snedthrecufkteetdstatialdicehasgd dvedt (REDpdriavemBRpg|shAsr betwednSiraadd edeond

arelatjvely Iarg&sc rrent_yalue yﬁtg a os}tive oI%!it%v§ﬁ8r gotg ort
the ear ¥y andeIPtss S AT 670 arSeaBlanyily e qurerl By Reboris! of plgpa sy
a possi bi | i t ym@her alsrhOGabifitiates a test even though no liquid sample has been introduced into
the test strip.
An inadvertent initiation of a glucose test can cause a test meter to output a low
glucose concentration even though no sample has yet been applied to the test strip. Thus, it
20 would be desirable to identify an inadvertent initiation of a glucose test so that the test meter
does not output a falsely low glucose reading. Instead, the test meter should provide an
error message that instructs the user o re-insert the same test strip or to insert a new test
strip for performing the test again.
A time shifting error by the test meter can occur when the third test voltage V3 is
23 applied early or late. An early application of the third test voltage V3 should cause the test
current value at the end of the second time interval Tato be a relatively large current value
with a positive polarity instead of a relatively small current value with a negative polarity.
A late application of the third test voltage V3 should cause the test current value at the
beginning of the third time interval to be a relatively small current value with a negative
30 polarity instead of a relatively large current value with a positive polarity. For both the

early and late application of the third test voltage V3, there is a possibility of causing an



- 35 - inaccurate glucose result. Therefore, it would be desirable to
identify a time shifting error by the test neter using the m ninum
current check so that an inaccurate glucose readi ng does not occur.
5A premature renoval of a test strip fromthe test nmeter before the
end of a glucose test can al so cause an inaccurate glucose reading to
occur. Atest strip renoval would cause the test current to change to
a value close to zero potentially causing an inaccurate gl ucose

out put. Accordingly, it would also be desirable to identify a
premature strip renoval using a mninumcurent check so that an
error nessage can be provided i nst ead of " @l spl ayi ng an toinaccurate
gl ucose readin curre eck. may erfor

conpari ng t he i uie oI OPORIarS S LD IR 4B LD R hfne it
val ues duri n%}rh@te&msmg%aﬂmﬁhnﬁ EFRend a6l 363ha ak indcaindle 'grlaéos& Rading
predeterm ned threshold and outputting an error nessage if the
absol ut e val LHROtGR@Of the measured test current values is |ess
than a predet er m neghehbiRSRbH) oi%sﬂség;ﬁ&ﬁh@&éa Reg: rsé?&@%%eloﬁ@giu&%e
set to a different value for the second and third test

i nterval s. Hoezsearalso quisre ivavbielie ghigese reading e ector. ek tnsmuﬂp temoe@hmuﬂi cause
may be about t f.i j r

sevond tims. 14 LABHBERne o mafie okl akloMRich A g b A A Blucese
perfornmed f orodt;hm Acaosdingly,newould elswad debisabdars édentiy d prarhatongrstrgpntmonal usdg
are rel ativel first test vol 1S, C

b
o fude to VAR PSSR e it Tt anisor hEShes iR bR vidPy Bty Paleae an
Track: 1o iAsccaafeqlicost realingd step 1022c of FIG 11, a high

resi stance track n be detected on a test strip that can resuylt in
an inaccurate gl u?@% EUMEHE Y em&h?ﬁkdﬁayrbéﬂe“g?rgﬁggy P?@W‘“&E‘T‘F %E‘ﬂ'&f? vauesf
a test strip finAtheiss@d ehsbrditivillesSditiak &R s@fon@aﬁmir@qmehﬁ&%@ds and
surface. For the situation in which the electrode |ayers are nad

from a sputt ek yEpdparmpgd HFGSQBH@{I%P@HU%%E L0 PACTSREGIT tf@@bﬁ%@%@ue&in
easily occur gunrpg n{e%rmgﬂkbﬂ?&t @Mes'm@ééft%t r@de@rmh@@tkﬁ&%ldsﬁ“ﬁé p.

For exanple, a scratch that runs from one dge 56 to anot her
| at er al1Sedge B&letgrmingd éwesmlé@tawgeetluagrélﬁeset‘@m f@retb%a;ecard gnd glriedeiew tme

resi stance be @§ ?ﬁ i ISt
el ectrode 66. L%ﬁ%@tgggﬁ$é @ETg?m £ﬁ$? ]?9%%e gggﬂﬁ ?ﬁlézﬁﬁ??mgéout
10 nmto aboumc&empcr)s foraka tﬁrgt ﬁrtncemtep\rad)ﬂl‘eartdahesscccatddimsmmmai Tig Ndiethat the
handling and nrlrl%lr}rldfn? g&ryern? check wQse nott %gr%ormed for the first time interval because the test current
values are relatively small because the first test voltage is close in magnitude to the redox

20 potential of the mediator.

High Resistance Track:
As referred to in step 1022c of FIG. 11, a high resistance track can be detected on a

test strip that can result in an inaccurate glucose reading. A high resistance track can occur
25 on a test strip that has an insulating scratch or a fouled eiectrode surface. For the situation

in which the electrode layers are made from a sputtered gold film or sputtered palladium

film, scratches can easily ocour during the handling and manufacture of the test strip. For

example, a scratch that runs from one lateral edge 56 to another lateral edge 58 on first

electrode layer 66 can cause an increased resistance between the first contact pads 67 and
30 the first electrode 66. Sputtered metal films tend to be very thin (e.g., about 10 nm to about

50 nm) making them prone to scratches during the handling and manufacture of the test



- 36 - strip. In addition, sputtered netal filnms can be foul ed by
exposure to volatile conpounds such as, for exanple, hydrocarbons.
Thi s exposure causes an insulating filmto formon the surface of the
el ectrode, which increases the resistance. Another scenario that can
cause a 5high resistance track is when the sputtered netal filmis
too thin (e.g., less than about 10 nm. Yet another scenario that can
cause a high resistance track is when the test neter connectors do
not forma sufficiently conductive contact to the test strip contact
pads. For exanple, the presence of dried.fpood on the test neter
connectors can prevent sufficiently conductive contact to the test
strip contact e t RSi

during a thi r%ﬁl{i?ﬁn@d%ﬁ?%?e%fe@WOrlhggl\%gsbt% ?%L}tlﬁgﬁ; eﬁ(gésluhertﬁgﬁ ﬁiﬁgtﬁgmpwnds
resi stance trackay, Sguwsansd, hadgcabérswThie Skpsem cevses andhsufating g keipym opthe
sufficiently high resistance R.that i e t

el ectrode con%uzrii% ¢ %fglie %%:ﬁmg%t\)”sh cgﬁ'?(ir%aF%S)}peate%@ﬁugt gﬁ? ﬁéres%%ﬁ?ﬁ uaggaq'oc%&% a
t he effecti vehiyh mpiplahe@dratie twhea theagettevef hetalvitimdiitob thit (@, lessrthan about 10
attenuate the magnitude of the resulting test.current. The effective
Cest Vol t age NBA I e SELIT DEenE P BRERS) gD AeisH Lok i el e

i (OR Veff wildonh&tdrbgo mFbrnid Sgidiate doductiveeohRgite thengt sifip tordact padsd For
time interval T3 where 20 th tesﬁp gurrent will generally have tfpe

hi ghest nmagni Pgeale, ﬁ*ﬁ@""'é%&%P'ﬁ‘Ht ogon fhertest Hiefey epeqiops Ga Rrprak sufticiently
resistance R qpdudive 8lrdct Mehdtebdtr@oh@sipagdir rent at the beginning of
the third time interval T3 can cause a significant attenuation in the
appl i ed!t est vol t dU€. 14 hows vy testighsent gansienisalysag ahigtmeinigivabhs fofa eHe

resulting tesgt.. : . . LR t b | ' al

T3 as 111 ust Pf ARl Rin R By Rind DB dhel B, (rLREEYH,

in the peak csmfficéenttly bighrosidanat Blthat dt betbasu thekl@Bodromd tltkselestmdeautet el @an
cal cul at ed gl ucose. concentration to, be i te. .| r '
ciani 1 cant ot PONTIETT BIETHE Pudpbfiedf e dBpols PRy bR Lot i BHR
resi stance R whptshditfimar theahagnitvdd of tisradulltingaésti eurfeint. €lhe effowive tatkoltage Ve

resistance). In,one e di rent | ow resi stance track may be
repr eseht ed bﬁﬁnﬁﬁgﬁcﬁg%)drqgo%%?té%ﬁ having a resistivity of less than
about 12 ohns per square and a high resistance track may be

30represented by an el ectrode |ayer having a resistivity of greater
t han about 40 ohns per square. %q. 13 gveff' “(?)Ez

Ve will be the most attenuated at the beginning of the third time interval T3 where

20 the test current will generally have the highest magnitude. The combination of a relatively
large track resistance R and a relatively large test current at the beginning of the third time
interval T3 can cause a significant attenuation in the applied test voltage. In turn, this could
cause an attenuation of the resulting test current at the beginning of the third time interval
Ts, as illustrated in FIG. 14 at t = 4.05 seconds. Such attenuation in the peak current

25 immediately at about 4.05 seconds can cause the caleulated glucose concentration to be
inaccurate. In order to avoid significant attenuation in the applied test voltage, the track
resistance R should be a relatively small value (i.e., low track resistance). In one
embodiment, a low resistance track may be represented by an electrode layer having a
resistivity of less than about 12 ohms per square and a high resistance track may be

30 represented by an electrode layer having a resistivity of greater than about 40 ohms per

square.



- 37 - A determ nation of whether a test strip has a high track
resi stance can use an equation based on a first test current Il and a
second test current i2 that both occur during the third tine interval
T3. The first test current i may be neasured at about a begi nni ng of
the 5 third time interval T3 (e.g., about 4.05 seconds) where the
magni tude is at a maxi mumor close to the maxi rum The second test
current 12 may be neasured at about an end of the third tine interval
T3 (e.g., about 5 seconds) where the magnitude is at the m ni num or
close to the mninum The equation for idgntifying a high track
resistance may be in the formof Equation 1014. Eq. 14 R= i 1. - |

2 If the first rati Rl i.s ater than. redeterm ned t hreshol d,
Chen the test et o SRR PN, koot Bl Bakie Blance vat bk
strip having euhticgibasedhatfracst EurRaki anihseiwne det @nhrietat Hotlesed dirif@ihe
be about 1. 2. #é'is'Si?Qifiﬁﬁgﬁgthat the first test current i1 i

. 1i1s
about a maxi i EBF resival Iy Ligti SR inmay bf meptysgd al abpuf ¢ peginning of the

resi stance vahird@tin® Merdd AQK&ls Ndbohs EFlsecdnds) Werdtht infagititube Hlar & Wakigin dr
is neasured at a tinme that was closer to the m ni num current val ue,

then Equat i orfloss taibemaxpum. ek seeond fasi querentdy macieanersyirhe ahpdenend of theo
hi gh resistanggq Ii&éﬁl&r%%;?&ﬁ%&%ts dekordS) WLYARL REEAHRC st IR Vifinimum or

relatively low variation in Irst ratio 121 when testing | ow
resi stance texesesytihe panim¥e rel atively | ow variati on decreases the

| i kel i hood of ms ' ' LSt ; .
strip. As determ @g@@ﬁgo%fg’&%ﬁe bt&féﬁx@%&%ﬁﬁ%geﬁ%@b@n tl olwhg]& &Flf (r?fil%quauon
ratio 101 valldes for test strips having a | ow resistance track is
about four tines |lower when a first test current value 11 was defined
as a current 25value imediately after the application of the third
test voltage V3, as opposed to being a sumof cgrrent values during
the third tinme interval T3. Wen E‘H}gﬁe is &Highvariation in first
ratio 121 values for low resistance test strips, the probability of

m st akenly identifying a high resistance track increases.

[f the first ratio Ry is greater than a predetermined threshold, then the test meter may

15 output an error message due to the test strip having a high resistance track. The
predetermined threshold may be about 1.2. It is significant that the first test current i is
about a maximum current value because it is the most sensitive to resistance variations
according to Eq. 13. If a first test current iy is measured at a time that was closer to the
minimum current value, then Equation 14 would be less sensitive for determining whether a

20 high resistance track was present. It is advantageous to have relatively low variation in the
first ratio Ry when testing low resistance test strips. The relatively low variation decreases
the likelihood of mistakenly identifying a high resistance track test strip. As determined and
described herein, the variation of first ratio R, values for test strips having a low resistance
track is about four times lower when a first test current value i; was defined as a current

23 value immediately after the application of the third test voltage V3, as opposed to being a
sum of current values during the third time interval Ts. When there is a high variation in
first ratio R; values for low resistance test strips, the probability of mistakenly identifying a

high resistance track increases.



- 38 - FIG 15 is a chart showing a plurality of Rl values
calculated wwth Equation 14 for two test strip |lots where one | ot has
a high resistance track and the other |lot has a | ow resistance track.
One lot of test strip was purposely manufactured with a high

resi stance 5track by using pall adi um el ectrodes that were purposely
foul ed by an exposure to an atnosphere contai ning hydrocarbons for
several weeks. The second test strip | ot was manufactured w t hout
purposely fouling the el ectrode surface. To prevent fouling, a roll
of sputtered coated pall adiumwas coated.ygth MESA before coating
with the reagent layer. Al of the |ow resistance test strips, which
were not foul ed, kg l?is yel O\an L.63Rallc SR ARRUE chifdatdd WK Eq@kiLR Y4 for
t hat Equation 14 could identity gw track resistance test strips.
Simlarly, estsenest stiplotaivheropne lnichasia hlghresisiancaimecd andte oder lopBas adpwch

wer e purposel y .f.oul V. ty : :
i ndicating t h%fm%éfﬁgr ?ROMA&iOiﬁﬁsgétﬁggﬁﬁ *&Sﬁﬁéﬁhgﬁag@%d ?Q{sﬂ:ésl}l n%%m%[ggt
strips. sl sLeakakéy using palladiupredacirodesithat mefegurppskly Buled by e pxfo@R4 ¢o am

FIG 11, a | eaka can he. detected on a test strip when,the spacer. 60

Hoos mot for rRoRTrE ConBneT Er ey forgeren edsr TBa MR Gl R

L irst el eﬁt I oflgnulfRyesd \ﬁi&gu&g]drp?k@gwmlgewaecwbabuffh@g}m pseﬁwommg, a roll of
et ween the spacer, 60 and the first ectrode 66 and/or t secon

el ectrode 64.SPriteed %tegmkleé% }”é%l‘ﬁ’é??g W"@%ﬁéﬂf’z Beforecpaing; vath tﬁ?r@ﬂ%“&f g?’?f

adj acent to tAgo@E low REisthit@ (SPAARY, wWhlth WeRWWRY Buled MadaOIRE of less than about

enbodi nent (not shown) where | eakage_ is nore |ike to occur, the

. SNoy . 1S Y ;
reagent 19 ayer |-y indicatinaibatdsausiionr 14 £oN A iyt m raghTESIRIERCE 5! Heta S8ilahat
causes a portdQn;ffy NG wAAEREisthAL’Est ddpd KNRE werk RBIIEGRoul S hE&PRCRues
60 and the first el'ectrode Tayer 66. Under certain circunstances,

i nt er posi ng aofigerater Bran ebout hd indicgap thal Bynationy b4 qopldjdenkibieleh Heckgpagace test
60 and the fi tSds el ectrode 25|l ayer 66 can prevent the formation of a
l'iquid inpernmeable seal. As a result, a |eakage can occur which
creates an effectively larger area on either the first el ectrode 66,
whi ch ig turn, ean cause an i naccurate glucose reading. An asynmetry
in the area b]é‘otam%ggn the first electrode 66 and the second el ectrode

64 can distort thestpestowlyrrefeitd forimgsp €6i4c whEiGe | Bra lexkhgescah bapeteqigiaras

during the third ti interval T3, as.illuskrated in FIG.16. - 39 -
Fl'G "T6: Shovelesick Wiep Hersprcr shdies ab o PRBCEN bl foubiniraebisioets
for three difpi @Btk ¥RQfodelaybess. A5lchkdpe bOfuss WHEANiQuidRSdps i BdtPednlie shacer
(squares) has_a | eakage of |iquid between the spgfer he first

an
el ectrode. Te&tandhqf gtI efetrpde,Roand R e perope Bletiodn §-a 1 ﬁgﬁﬁ%’é‘%’t repgegt layer

that digh not BuhidicinGiddiatelfhdadedoRAGRRGLS 1hd ¥Skcer0d HROerMASnother
| ami nated with a pressure setting that was not sufficient to forma

i qui d i nper neseltsamese dnot skoviry evheredeakngsde soreNikelydp Pgeunthferegenblayr 72 can
60" can 1t or ry oL LR i P8 ol erPLURHR RV, R S ead fiPapR e e
i nper meabl e siedktveen thihepacer & and thedirstethstrodeyiayer 66 . Under egithin ¢iggnmstances,
sufficient pr ﬁ?e?p%rsf?ig %attiop Sr @R péa%&)q lasygr H\%et%& tﬂg E}%%é:rvﬁ% and the first electrode
25 layer 66 can prevent the formation of a liquid impermeable seal. As a resuli, a leakage can
occur which creates an effectively larger area on either the first electrode 66, which in turn,
can cause an inaccurate glucose reading. An asymmetry in the area between the first

electrode 66 and the second electrode 64 can distort the test current transient where an extra

hump appears during the third time interval Ts, as illustrated in FIG. 16.



ioportion of the spacer 60 can formthe liquid inperneable seal to
the first electrode |layer 66. The test strip ot 2 was prepared
simlarly to test strip lot 1 except that they were stored at about
37 Celsius for about two weeks. The storage of the test strip ot 2
caused the adhesive bond to anneal creating a |iquid inperneable seal
to the electrodes. Test strip ot 3 was constructed using a dryer
setting that was sufficient to dry the reagent |ayer and al so 15was

| am nated with a pressure setting sufficient to forma |iquid

i nperneabl e seal. Both test strip lots 2 ?ﬂd 3 (triangles and circles
respectively) show a nore rapid decay in the test current nagnltude

To. " A ot er el B e Bt op R R e iy omiRe LR o r

performed usidigeram t@Ryof leQRtriPASE Wherd tét §tnp fdi | {R8dres) Wag £REkagoBlLeNnd
test current, a third test current, an fourth test 20 %ﬁrrent t hat

occur during teheeen fiespacerand the fisst ‘il?ﬂ“@ij?/a est S/BF‘H ioF 1ve3 engsirycrsige 2 dryer
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current magnitude with time compared to test strip 1 (squares), as illustrated in FIG. 16.

A determination of whether a test strip leaks can be performed using an equation

based on a first test current, a second test current, a third test current, and a fourth test

20 current that occur during the third test time interval. A first logarithm of a second ratio can
be calculated based on a first test current i; and a second test current i;. A second logarithm
of a third ratio can be calculated based on a third test current is and a fourth test current iy.
An equation may be used to calculate a fourth ratio R4 based on the first logarithm and the
second logarithm. If the fourth ratio Ry is less than a predetermined ratio, then the test

25 meter will output an error message due to leakage. The predetermined threshold may range
from about 0.95 to about 1. The equation for identifying leakage can be in the form of

Equation 15.



seconds, about 4.2 seconds, about 4.5 seconds, and about 5 seconds,
respectively. FIG 17 is a chart showng a plurality of R

val ues calculated with Equation 15 for the three test strip lots
described for FIG 16. Accordingly, test strip lot 1 has fourth ratio
val ues | ess than one and both test strip lots 2 and 3 have fourth
ratio R4 values greater than 15one indicating that Equation 15 can
successfully identify strip | eakages. In an alternative

enbodi ment, a determ nation of whether a test strip has a | eakage can
be perforned using an equation based on thpyee test current val ues

i nstead of using four test current values as shown in Equation 15.
The three test current values may include a firsg, test current it, a
third test current i3, and a fourth test currep tLa t hat aU occur
during the 20 third test tinme i n al T3, Ath | ogarithm of a
fifth ratio may be cal cul ated bas % n theRﬁlrst(}jst current h and

the third test current 13. A second Iogarlthnlb@-é third ratio may be
cal cul ated based on the third test current h and\the fourth test
current 14. An equation may be used to calculate a sixth ratio R6
based on the third logarithmand the second logarithm If R6 is |ess
t han a predet er m nNadne enbalimerighe filsetestestrenitaed theiskdond tispig tureemt may oa

message due 2 . .The equation for ,iden i | .eaka be
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been parti cul afky te%hﬂﬁ\@a:ﬁimihiﬂ@&@tr tirfkeid gre@@épmﬁﬁ a @iSfeten el seal@fl al¥cohl st time
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expressly i ncHPdpi’off‘réttt‘és(H tifgy &7 onediusiratvsrearpediment, thedirt tesheyricat (e secondtest.
What i sl ai Mgiehs the third test current, and the fourth test current may be measured at about 4.1

seconds, about 4.2 seconds, about 4.5 seconds, and about 5 seconds, respectively.

FIG. 17 is a chart showing a plurality of R4 values calculated with Equation 15 for
the three test strip lots described for FIG. 16. Accordingly, test strip lot | has fourth ratio
values less than one and both test strip lots 2 and 3 have fourth ratio Ry values greater than

15 one indicating that Equation 15 can successfully identify strip leakages.

In an alternative embodiment, a determination of whether a test strip has a leakage
can be performed using an equation based on three test current values instead of using four
test current values as shown in Equation 15. The three test current values may include a
first test current iy, a third test current i, and a fourth test current iy that ail occur during the

20 third test time interval T3. A third logarithm of a fifth ratio may be calculated based on the
first test current iy and the third test current iz. A second logarithm of a third ratio may be
calculated based on the third test current iz and the fourth test current iy. An equation may
be used to calculate a sixth ratio Rg based on the third logarithm and the second logarithm,
If Ry is less than a predetermined ratio, then the test meter will output an error message due

25 to leakage. The equation for identifying leakage may be in the forin of Equation 16.



1. A nethod of identifying a defect in a test strip, conprising:
applying a first test voltage Vi for a first test tine interval T1
between a first electrode and a second el ectrode sufficient to
oxi di ze a reduced nedi ator at the second el ectrode; applying a
second test voltage V2 for a second test tine interval T2 between a
first electrode and a second el ectrode sufficient to oxidize a
reduced nediator at the first el ectrode; measuring a first test
current ii and a second test current 12 that occur during the second
test time interval 12, the second test cufyent i2 occurring after the
first test current it; and determ ni ng mhether the test strip
has the defect using an equation based on the, fikrst test current il
and the second test current 12. 2. The net f claiml ,wherein
the second test voltage V2 is appli di atély after the first
test voltage Vt. 3. The nethod of qépg?e E@ rein the equation
conprises a ratio between the first test cure éa is and the second
test current i2. 4. The method of claima, érein the equation
conprises a ratio between the first test current 12 and the

di fference between the first test current hand the second test
current 12. 5 Tiomenkilladnh thé arcivill arppﬂaci,atevthﬂfee'faamtehand hdvﬁhtageSS)fthe present

Fhtervals T2 CEISHRISTHOR G BoVEIPHed cMOGOPEr o CRENE Hr R cisclosure

current i Is xanﬂi&éibémiﬁit&uw‘ﬁﬁﬁt hysadeu@paﬁ&wrrylsn@mdwdldegutbe@ eS@pOLdndidHeR
interval T2- 7. The nethod of claim1l , wherein the second test

current 12 i sbydae §Praded glaims- Ablbeublistioantndgeiereness shedhiteeta areexpratlr val
T2- - 43 - jn&rpothiBd H@Elh@?ré?éreﬂe%me}ennr@@er ein the second test
current i2 is a mninmumcurrent value occufring during the second
time interval T2. 9. The nethod of claim8 , further conprising a
step of providing an error nessage indicating a defective test strip
if the ratio is greater than a first predeterm ned threshol d.

i
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10. The nethod of claim9 , wherein the first predeterm ned threshold
is about 1.2. 11. The method of claim1l , wherein the equation is a
ratio - " where i( is the Il first test current and i2 is the second
test current. 12. The method of claiml1l , wherein the first test
vol t age ranges from about zero to abgg -600 MV with respect to the
second el ectrode. 13. The nmethod of“claim1l , wherein the second
test voltage ranges from about 10 nV to about 600 nV with respect to
t he second el ectrode. 14. The method of claiml , wherein the
defect is a high track resistance It 15. The method of claim 14,
wherein the hl“glﬁ“ﬁf;'éﬁ’!@ f8sistance R is between a connection point on
a neter and either the first or second electrode of the test strip.
-44- 1 6. A net hodetidd of tiemifjidgyd de@erdn deiterip, dompmnrtgest strip

conpri si ng: f|r irst test
tinme interval fp%)gﬁ)ﬁe rﬁtq%t i‘if hesc}gmm ng'ebc?gﬁ {. gt rode
sufficient tlectiodd ad zeecwdrwdmdedlfﬁirmmlatowlzm rethived meiiaom ek ted seohd ode;
applying a gecond test voltage V1 for a second test tine interval

between a first électrode and a second el ectrode sufficient to
oxi di ze a reducegphiess %mﬁteatvoiﬁﬁevi for aygecand &attinsduisrval Tz betweppadik i ng a

first test gub&Ithd h becorR e&&%@ﬂxfﬁc@eﬁ%to%ﬁﬂ&@ﬁkddc& m&iatdrhetlk £, @St current
13, and a fourth test current 14 that occur during the second test

time intervepetrygs; calculating a first logarithmof a first
rati o based on h{a&uinﬁgasﬁrst&mrrawr;raﬁmse&:bnareetctnla@t§m6mdxraﬂsfgm@urrent

| a: calc atjn ond arithmof a .secon 0 based on
bhe third +eerd e T recon G et R oo g i e bt e e
det er mi ni ngandhet her the test strip has a defect using an equation

based on the fi Eéérmm?r%a’gheﬁia‘%eat&gst ;bﬁas%%%gtncq in?gga% EL}apanased on the first

test current iy and the second test current iz.

2. The method of claim 1, wherein the second test voltage V- is applied immediately

after the first test voltage V.

3. The method of claim 1, wherein the equation comprises a ratio between the first

test current §; and the second test current ..

4,  The method of claim 3., wherein the equation comprises a ratio between the fivst

test current iy and the difference between the first test current i; and the second test current

fz.

5. The method of claim 1., wherein the first test current i) is defermined at about a
beginning of the second time interval T,.

6. The method of claim 1., wherein the first test current i) is a maximum current value

oceurring during the second time interval Ty,

7. Themethod ofclaim 1, wherein the second test current i;is determined at about an
end of the second time interval Ty.



17. The method of claim 16, wherein the defect is a | eakage of fluid
bet ween a spacer and the first el ectrode. 18. The method of claim
16., wherein a reagent |layer is disposed on the first electrode so
that a portion of the reagent |ayer is between The spacer and the
first el ectrode. 19. The method of claim 16, wherein the equation
is athirdratio represented by log( 7ti 12 , where ij is the first
test current, i2 is the second test current, i3 is the third test
current, and 14 is the fourth test -cdrrent. 20. The net hod of
claim16 further conprising a step of providing an error nessage
indicating a defective test strip if the third ratiois less than a
predeterm ned, th . nfalnidD] - o T . ¢l ai.m 20 erein
t he predeter cr::;'nef]'ﬁ ?‘ﬂgié%hogflgﬁl 13‘3%?)&&&? Q&nggbﬁgg%g;mnét"ﬁ%ﬂu%? i m 20,
wher ei n t he yuedensngidwég terspeoahibneantemaldbout 0.95.  23. The net hod
of claim 16, wherein the first test current i1 and the second test
current h coqprise the two | argest current val ues during the second
tinme interval? T2The mgbod ofpaim B ity ompeting atepe! Praridipeanerretaesfagtr t h
test currentiniiatinga eefEied thseSilip ERE FAB Is A BaROTH RO BELSGRAND ti e
interval T5. 25. The nethodoof claim 16, wherein a difference
between a fourth test current tinme and a third test current tine is
greater than ¥0.dTkd mlexdotclintoeench eairapetdéasineCihreEiRitis ol 2and a
first test current tine. 26. A nethod of identifying an error in
performng a test with a test strip, conprising: applying a first
test voltage r fii kSt test L interval Tr bigtween a,first

el ectrode andwa' isr%cn(])eﬁhc?dé)@%?r'lo’ e ltemq}%eqlhaég GRS ”qpnpeggetr?vglﬂﬂ? a

first test current it, a second test current i2, and 'a third test
current i3: ffidestcurrent and iz is the second test current,

12. The method of claim 1 , wherein the first test voltage ranges from about zero o

about -600 mV with respect to the second electrode.

13. The method of claim 1, wherein the second test voltage ranges from about 10 mV
to about 600 mV with respect to the second electrode.

14. The method of claim 1 , wherein the defect is 2 high track resisrance R.

15. The method of claim 14, wherein the high track resistance R is between a

connection point on a meter and either the first or second electrode of the test strip.



determ ni ng whether an error was perfornmed by using an equation based
on the second test current hand a sunmation of the absol ute val ue of
the first test current i and the absolute value of the third test
current i 3. 27. The nethod of claim 26, wherein a tine difference
bet ween t he neasurenents of the first test current i1l and the second
test current 12 ranges from about one nanosecond to about 100
mlliseconds. 28. The nethod of claim 26, wherein a tine difference
bet ween t he nmeasurenents of the first test current i and the third
test current 13 ranges from about-#he nanosecond to about 100
nilliseconds - 46 - 29. The nethod of claim 26, wherein the
equation is =2* abs %H%O - abs(i(t-x)) - abs(i(t+x)), where i(t) is
t he second t@st “crvth ept{fyinga defeat in pisstskipsomprisig: current, i (t+x) is

the third test epgyigsds rstttesl: ﬁol@gew] a ﬂ?s@gzst)fnﬂ gnté%T%ﬁf on% O Ui,

and abs repnesegts an ab §$ ute functio 48F clai m
26, wher ei n°f4fa%et & s5con segirode *”f%%%‘(‘P@{"fi‘%‘)%fe%S‘(lFI(cﬁajqr attiheroed | (t) is
the second tlesbdegurrent, |(t+x) is the third test current, t is a

time, and x is an,.ncrenent ge and abs represents an absol ute
function. applymga second test voh‘age for a second test time interval between a first

electsode and a second electrode sufficient to oxidize a reduced mediator at the first
electrode;

measuring a first test current iy, a second test current fa, a third test cuyrent izanda
fourth test current iy that occur during the second test time interval T;;

caleulating a first logarithm of a first ratio based on the first test current i and the
second test current iy}

caleulating a second logarithm of a second ratio based on the third test current i and
the fourth test current iy; and

determining whether the test strip has a defect using an equation based on the first
togarithm and the second logarithm,

17. The method of claim 16, wherein the defect isa leakage of fluid berween a spacer
and the first electrode.

18. The methed of claim 16, wherein a reagent layer is disposed on the first electrode so

that a portion of the reagent layer is between the spacer and the first electrode.

19. The method of claim 16, wherein the equation is a third ratio represented by

log[jn}

—y where iy is the first test enrrent, §; is the second test current, iz is the third test
'4

current, and iy is the fourth test corrent.

20. The method of claim 16 further comprising a step of providing an error message

indicating a defective test strip if the third ratio is less than a predetermined threshold.
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21.  The method of claim 20, wherein the predetermined threshold is about 1.

22.  The method of claim 2Q wherein the predetermined threshold is about (.95,

23, The method of claim 16, wherein the first test current iy and the second test current iz

comprise the two largest current values during the second time interval Tz,

24. The method of claim 16, wherein the fourth test current i43s a smallest current value

accurring the second time interval Ta.

25. The method of claim 16, wherein a difference between a fourth test current time and
a third test current time {s greater than a difference between a second test current time and a
first test current time.
26. A method of identifying an-error in performing a test with a test strip, comprising:
applying a first test voltage V| for a first test time interval T; between a first
electrode and a second electrode;
measuring consecutively a first test current iy, a second test current iy, and a third test
current is; and
determining whether an error was performed by using an equation based on the
second test current i and a summation of the absolute value of the first test current i, and the

absolute value of the third test current ;.

27. The method of claim 26, wherein 2 time difference between the measurements of the
first test current iy and the second test current i, ranges from about one nanosecond to about

100 milliseconds.

28. The method of claim 26, wherein a time difference between the measurements of the
first test current i; and the third test current i3 ranges from about one nanosecond to about

100 milliseconds.
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29. The method of claim 26,‘wherein the equation is Y = 2*abs(i(f)) — abs(i(t-x}) —
abs(i(t+x)), where i(t) is the second test current, i{t-x) is the first test current, i(t+x) is the

third test current, t is 2 time, and X is an increment of time, and abs represents an absolute

function,

30. The method of claim 26, wherein the equation is Z = abs{i(t+x)) — abs(i(t)), where
i(t} is the second test current, i(t+x) is the third test current, t is a thme, and x is an increment

of time, and abs represents an absolute function.



