- 9 JUN 2006 PASSI VE SAMPLE DETECTION TO I NI TI ATE TI M NG OF AN ASSAY 5 10
FI ELD OF THE | NVENTI ON The present invention relates to the field of 2006
el ectrochem cal assays, particularly to the neasurenent of the -3 JUN
concentration of analytes in biological fluid. More particularly, the
present invention relates to a system and nethod for detecting the
application of a sanple of biological or control fluid to an el ectrochem cal
sensor and i rPASSIVIESAMELE DETECGFIONR& QNI TIST EIdMINGEOR AN/ASSAY
BACKGROUND OF THE | NVENTI ON Anal yte concentration determ nation in

bi ol ogical fluids, e.g., blood or blood- derived products such as plasma, is

of ever increasing inportance toFIEEIS'%ﬁﬁE?sR&fN@M Such assays find use in a
vari ety of applications and settings, including clinical |aboratory testing,

15 hoge testing, etThe prakedt thvehton Riditstts tod figld oh eleesbddheghiql askags,pr om nent
role in the diagnosis and rrang%errent of a variety of disease conditions.
Conmon  arnticudasygp thamepssememof theeconggnivabge of gralyteaindiielogiealhdujd mbiare
chol esteral . for nitori cardi ovascul ar condiitions,.and the like. In
response pﬁglﬁuﬁﬂrgfrjﬁ}ﬁdﬂf Wﬂpﬁ'ﬁﬁ%ﬁnarﬁiézesg? asxsFmEad é‘beﬁ‘&%%‘)r ﬁ?%‘ﬁ‘%‘&f ection, a
variety aﬁfyli@dﬂ%‘n)@f% sARIpRA RS oRIc AL A BhGolMEd éeMi E8StrdcPEmRAN ferkbi diacal and
honme use have been 20 devel oped. One type of nethod that is enployed for

anal yt e deitietng the tirsingof the aattonkhasvwrandntieseed net hod. I n such nmet hods, a
sarrplﬁ of a substance to be tested, e.g., a biological substance typically
in ad eous liquid form e.g., blood, is placed into a reaction zone in an

el ectrochem cal cell made up ghcrérd@aSEE PONSERSLROdes, i.e., a
counter/reference 25 el ectrode and a working electrode. Typically, a redox

reagent systemis phAsdgniconiantraton delermiatoim iobicdiogieal fBudh ex. dagbortblegdt em
i ncl udes at. | east, an enz s) and. a nediator. In_man mhodi nent s, .the
ey e moRtaed BPIBE WA attaa. S et Byteasing PepelHEn S ERGs SNy Py of

enzynes ta@%z‘ﬂ‘ﬂﬁ‘ﬁsé th £ 0RERY bf %@liéﬁﬁﬁisgh&%t{iﬂ%s%{cﬂicﬁ% aﬁﬁﬁg%mo@gﬁtﬂge of

i nterest. n the sanple 1s posited into the el ectrochem cal f he
t ar géted hanal tgstmg36icc ovhes: thatresubtonf ach testing pldye momyman( sjle anttle dépnbdss
therewith formn xi di_sabl

an .(or reducible) inactjve enzyne. It is a
redl at or 250 PATBEHBER S FOIPT BT REIS COPTOBdTEDIS 6] iR Hgde
e oL RS RS A oS Ly B G i
cor r esponbk hke.tIn re$penseortbsrgrowingompoftaideet taaarlgretcedcnétiym detedtiven, quamidtyt y of
the oxi dio? %E'clll?ftc(d%{eciigg llj)lchtgclo?g and e%gcaers] for bloth clinical and home use have been
20  developed.
One type of method that is employed for analyte detection is an
electrochemical-based method. In such methods, a sample of a substance 1o be tested, e.g., a
biological substance typically in aqueous liquid form, e.g., blood, is placed into a reaction
zone in an electrochemical cell made up of at least two electrodes, i.e., a counter/reference
25  electrode and a working electrode. Typically, a redox reagent system is present within the
reaction zone. Such a reagent system includes at least an enzyme(s) and a mediator. In
many embodiments, the enzyme member(s) of the redox reagent system is an enzyme or
~ plurality of enzymes that work in concert to specifically oxidize/reduce the analyte of
interest. When the sample is deposited into the electrochemical cell, the targeted analyte
30 comes into contact with the enzyme(s) and reacts therewith forming an oxidisable (or
reducible) inactive enzyme. It is a mediator’s role to react with an oxidisable (or reducible)
enzyme generating a fully active enzyme and a substance, i.e., the product of the reaction
between the inactive enzyme and the mediator, in an amount corresponding to the

concentration of the targeted analyte. The quantity of the oxidisable (or reducible) substance
1



- 9 JUN 2006 present is then estimated el ectrochemcally and correlated to

t he anount of analyte present in the initial biological subst ance. -Theyn 7005
above-descri bed el ectrochem cal cell is commonly used in the formof a

di sposabl e test strip on which the biological sanple is deposited and which
i s recei vatssent3s thieh lesinmatedelesirothemagrlkyrant herrelatedite duhamowdlof amayty peesent in

concentrat,ian.is, determ ned. Exanples of assay systens that enpl oy these
types of f}@éplt?fpﬁog‘g%lcﬁﬁ‘[ﬂ@ffmf‘é‘f erred to as biosensors, and neters may be

found in US. Pate”trh%'%ove‘ide%f!%bécpéiectﬁmﬂérﬂrcgﬁ%nfﬂcf@xﬂﬁqoﬁiylﬁs%d%%e%m bhe

di scl osures of which are herein iIncorporate y reference. These systens can
be char actiBposabtt tast scripubrowiiahi the bagpirab setple ¢s dapopioddentd welreb 1§ receidahpendi ng

on whet her .the 10 stem invol ves nmeasuring charge,. current .or tential,
respect i vEIYID 3 Pefrg by yguehibe fr&iryff@me%ﬁe@af rcgfwﬂraaewﬁiﬁtﬂa}m%%ﬁawpﬁes

el ectrochepi cal T I, h

s orod AEEL e B RASY ISP Rbe SOREN Sl oftch RRARRGE plodGisoklnd. | 1
a test st fiefers maybbdburidia (ABaPyttm Nwan§ 942,162, Q174AEHEBI end 61179939 Bipghe be

initiated. Moreover, it is inpaortant 15 that the presence of sanple be

det ect ed #isclopyns akwhisk ashgiria 1pemperateh by refsrenset ThEsesystenas coebigent system
of the tegt strip.;.The tinelines . N L.on J.s.i4port i rder to
i ni m ze. CHERS Rl P bl AR Red b e BE e Bl R L Rk o

bet welEn t BRtdnR irf@lves dakyti éiackel H8rdne 8OpMEntSl St §iBeti Ry ik mRdkin Oihe lafalteC hange
in the equilibriumof the electrochemcal cell's reagent system caused by
ot her t hafoncheirgmrgsterametioRpect ed reacti on 20 progress of the target

analyte with the re nt._system nedi ator and enzyme .conpanent

erturbati on 15 a plf CRCETIr Y Poor e rer O RS of BRER e Yabssbe:

det ect i ONmeAREEAERIs9SERDE HNONHcAS! the PrRBRRMIQI @RI depositahbiid a MsesifpRboyed
in electrochem cal "anal yte concentration determ nation net hods, and nost

commonl y @apthepad ylerconeentmion mrapuamsent test asayiegdnidfategn Mergbyereit ¢omepsntaniat i on.

In apal yte concentration measurenment net hods, a.constant-yvoltage
F ep PnaRbe SR T bl o AR R PRI tne TERBR B S RRb MR s S

r ef er enceregpdfilsyREtaSf N Ye&hbirip! PP SReRiees aPBld deddction id Pnpgdint Bdrd&ttei P,
results in generation of a current through the electrochem cal cell of the

test strifminiThze thagatentidldop perturhaticaiitheelestichemyicahiesetianebaween i dargett o
L oge AL EaPE o RlenCARRS L BOEG e N ndleRth b el IBLE] br G Prov' 8

rapi d sanp he”current ed as S this 30

appl i ed vakitaafedXaeedss aperdgientated bylbias fiendhy abtigal ahbexsectddaictione.
the neter, "stanps" this time as the beginning of the anal yte concentration

meas Aleneprogipasagbthe darget analyde withithe rgagest sistesmefer a9l enhane componentst t he
wor ki ng el ectrode tgegg

The el ectrochem cal reartcog ﬁri%j’nﬂ’%e‘%a&g%}la%ﬁngrgé%%gﬁé %;ﬁgé%g}ﬁ?g%é}gg g%ﬁﬁdﬁ PC%QX’I‘ =

bi ol ogi camemaaplogidsSkriow asatcBebnirnprofntry NevisMBire RhipRdyed ifi eRErodHRmical
analyte concentration determination methods, and most commonly employed in
chronoamperometric assays of an analyte concentration. In many analyte concentration .

25 rheasuremcnt methods, a constant-voltage step function is applied to the test strip, i.e., across
the working and reference electrodes, which, upon sample application to the test strip, results
in generation of a current through the electrochemical cell of the test strip. The magnitude of
the applied voltage must be sufficient to trigger the Faradaic or capacitance current flow in
the cell to provide rapid sample detection. When the current produced as a result of this

30  applied voltage exceeds a predetermined threshold value, the system, i.e., the meter,
“stamps” this time as the beginning of the analyte concentration measurement phase, and
thus, initiates measurement of the current at the working electrode to determine the

concentration of the targeted analyte. The electrochemical reaction between the redox

reagent system and the biological sample is initiated prior to the system being ready to
' 2



2 - 9 JUN 2006 accurately stanp or mark the actual tinme of initiation of the
anal yte concentration nmeasurenent phase. As such, a fraction of the_gyrrfﬂhﬁ
produced as a result of this electrochem cal reaction is used as part Aq

t he sanpl e detection phase. Thus, the finally measured current is not an
accurat e replireednitainponnnik theecanbliyt ef aotarntdfalid anlpaé cérensangl e. S In

ot her words, during the tinme prior to achieving the predeterm ned current

val ue, i .dncaspremsnt phaset e suelhglfeacten ecthe sprentpsoducké ayoraspyef #ppl i ed to the
cell wll “perturb” the .electrochem cal reaction between the target analyte
and the r SABBReREmcldicroRoS oS M The SRRl dshuf bhER, TS, HE a8y Sher
the appl i gfed@leir@fe ik A6t 4r02cB6Rte¥pREeri AR N AR SialyRe BoHceRMtion S8 Bhsle.

val ue, the greater the perturbation of an el ectrochem cal reaction and,

t hus, fhe Iheter W@rdy during thetthee prictltg ehieong thetredeatominsbaureehesive. i ., Iprice| y
to be. Anot her disadvantage of, the chrono ronetri g nmethqd is that it is
nore i ké?@Q%"ﬁ%%ﬁg’oﬁglm%é%%@%gaﬂ@&?&?ﬁﬁ : Wit ipeRury _cont ai ni ng

| ow concenfdabbnisica readiidf beAT@RRIaARRLYAfe Qhd HelBaRARC AN SAbHANRe 9§vi&@d

bl ood cells or both. As the current “produced upon application of voltage to

t he el ect mespoesd i@k andbt thgdmngealleyapgbed edses pwot o dbiedegrtbasiquisitaahyite

concentratj o r wth an increase in hepatocrit |evels), .the |onger the
sanpl e dettér@g?q(i Vf“i“ﬁe‘“? REcajes S neriughafiop pRanelscinakg Fgé*ﬁi’oﬂ/\i"? , U, Q‘HHGSS

accurghe replsRaht MRl co regfgﬂgl%ﬁéﬁiﬁasﬁ Pfslrlﬁée?)?ﬂ%éqem the other hand,

setting a lower current t evel w y make the system nore
sensitive and fal sel Andthérgljsdvimtagecifake chinondangrerdmetvin nseimal ie thkatieis moa
method is disclosed in U S. Patent No. 20 6,193,873 Bl, which is h,ereb%/
i ncor por at Al ArefusE @R sAcCHIRieMERIIREMENt VR SYERIES SonBiRMEY sOBRENUBHEDS P
met hod whi i Ci 1

chr onoanp i oA AR, bR L AR Ak RngF K4 t1D3) LTR FESAC AN BE Y &
const ant - pebduegé upsi gpplicaimt oforvitapdie théekowpdiemidal ocikperiecaliyaichrdsdsnvich ves
applying a small, constant-current  step functi gn to the test strip. The
vol t ade adEeréasing analie KPHGNHAILT OF WS fRdnarasetn Bematorat Ioxelplthe lnpeartils ed.

Only when s% B%: c}é?tlcki@g% efllétl: fes? ﬁi«gytﬁ% Mé&ds ﬁeid'luﬁ%Wﬁfﬁﬁdanvﬁlcﬁﬁg:ere%)&sém&ion

nmeasur enen the anal'y made sw tching fromapplication of a constant
current tofanalgerehamtraion.t @gehatter haBdcatie alohar garenpritapdiold erelofilt he
resul ting current asured follown i oint is representative of the
anal yt e céﬁfE]é(H"f’?}&'ttggﬁYStecrﬂF@r?rﬁqﬁﬁ’d’eiagd %"’g?‘ﬁ. T '&%E?J_Feat e than the

chr onoanper omet ri ¢ g AbyRIRER BRAEH hRhASt 8lRat inA0s. Pehingr der to
practice the method of the 873 patent, it Is necessary to enploy

el ect 20ni ©,1&38A3i BT, ywhith Ghepbyunabesorited by seference nfhis patestedifdoses ke suppl y of

the constapt- current step function to the reagent test strip for, rf.Qrm ng
the sanpl & H’@PBE@PW?}H%’EE“‘%Q‘”}’\XB|°P’er&9m55 (FSIBr SR B BPuDHE PEPFBATHL ¢ he
anal yte CoRfmBhMPE AR IEASHOEI B LanPiA88e@ont Mstead of applying a constant-voltage
step function, the chronopotentiometric method involves applying a small, constant-current
step function to the test strip. The voltage across the working and reference electrodes is
25  then monitored. Only when this voltage falls below a certain threshold voltage is the
measurement of the analyte made by switching from application of a constant current to a
constant voltage mode. Because a larger proportion of the resulting current measured
following this point is representative of the analyte concentration, this method is far more
accurate than the chronoamperometric method of sample detection determination.
30 In order to practice the method of the ‘873 patent, it is necessary to employ
electronic circuitry which provides both a current source for the supply of the constant-
corrent step function to the reagent test strip for performing the sample detection phase, as
well as a voltage source for performing the analyte concentration measurement phase of the

method. As such, the electronic circuitry further mncludes the necessary components to allow
3



met hod. As such, the electronic circuitry further includes the necessary
‘conponents to allow 3 - 9 JUN 1006 switching fromthe application of_tgrr;gm 2008
current supply to application of the voltage supply at the precise ti v
that the sanple detection phase is conplete. Thus, it would be beneficial to
provi de anrwitwping\feeh Rl dpptcefonkgithe cureatisuphBl tb.apshdaeidh ol qws\bqhagmmpply at

i mredi ately detecting the presence of a sanple applied to an

el ect r ochdhg prarise 8me thatthpsangyle gefetianphase epampiaie.woul d be such a et hod and

a systemfor inple ting su t hod which .do not require the application
of a constant curre u&r'gw\?gf@eg e"%ﬁ%’ﬂ%lfﬁ%Y‘ﬁ%ﬁ" FBIFT%%H]‘BS@QQ 0g?"“&et ecting

t he pr ese%éhrﬁ)tfel)@eﬁ@ankﬁzs@rhn@ ihﬁ&‘dia‘@é]ﬁ'd@tectir@’ @k 9fe§&{dé1qf§léﬁﬂpﬁz ain}ﬁﬁ&&ﬂ? apul d
require fewer el'ectronic conponents than the one described "in "873 patent.

10 SUMVARY¥leCRodhdm: cANVETInpNOT ipertisnies benefit moeht beonwch aovdtbies anted Syetbsn fond
systens for passi.vely and utonatically . detecting.the presence of a sanple
2ol i ed t SPRREIgL R Prhed Mo dedtE RO PRYftan 5 {isBRHRITEAST on of
the sanpl g lt§%3dsté Retidh for Bhiiided a8 Ben@¥ ofs sahipid tri
characteri gtl : e‘hg] ?]%er?oﬁ%%%t@ef%n %Pﬁg}r?le gr %rsgh@laﬁgg?fsgp'the
sanpl e (t Peefa@blyreacdur svent wphidsedyire fewnedeataliycampmmesanipdethd ehe dédcabed As
di scussed abgve, prior art nethods of sanple detection involve application
of an el ed® i’ %hput signal, either a voltage step function (as with
chronggnperonetry) or a current i it

chr onggot entionetry), prior to pl g{é@%ﬁ#ﬁ+ﬁ1€(@g&%i cal sanmple within
the el ectrochem cal TdelgreselY inkemridnpeovidggmetholls arideystemaSor gasivelyphdse i s not
20 conmenced until a threshold |evel is achieved by the el ectrical signal

produced, 24omatcalhy delestmghe presency of ¢ syap'sagAlatd topdipreatanBiey samplea resul t
of " the applj ' f 1 [ ' " '

di scovere@eiteﬁlgi%ﬂ @E’égp)r sgr? él?c%&[)g%g{gﬁ}g @B%:eé?] %ggéq]%%?%&?gﬁgﬁ%ﬁtgﬁgm\f%
measur enenirggbdskarappri ol &gt eteycoavehtiatioe b onoommoaeenial yndst dfake sappleyihieg a
sanpl e_25 detecti thas”e electrical signal to the electrochem cal cell. As
such, 1? he “BBjueRen bRty eredimbely 8RR detsctve the application of an
el ectrical signal fr : t.eroal. t 5,!7?19 1.cal . for
pur poses of perform%%t esge)éiaaﬁr)&o% p&@? g{:r;ﬁl% 6@‘%&?35%".’ .t%E?ﬁrgﬁWBf\fgSagﬁﬁéajtmﬁ

i nvent i onof tinklecpicalsiapussigaimmhecdvglags seplfynctisnl(&l withyhiphagepaamend) ar a
sanple wthin the el ectrochem cal cell, thereby bridging the ga beﬁween
the el ect FHEEY SpdunRgIYedt il chgpnareliephametry), ior tg plasemgrfefdhe piglogica

Al ternati - LSt Qfr; N a
current st ontje VAR BhARRnnlcRRLH M) BCHRE SpbieRer T kihaReR s 800
det ec20 on cofmnicnecdured enhesiodld idvel sanpilcecd hhdesiepical detad prodmeed,ianmriest not ed

or recorded, . . . .o
signal or a voltage signal, respectively, as a result of the application of the electrical input

signal.
The inventors have discovered that the presence of a sample can be detected,
and the measurement phase appropriately and timely commenced, without applying a sample
25  detection phase electrical signal to the electrochemical cell. As such, the subject methods do
not employ or involve the application of an electrical signal from an external source to the
electrochemical cell for purposes of performing the sample detection phase. With the
present invention, this phase is commenced passively, solely by placement of a sample
within the electrochemical cell, thereby bridging the gap between the electrodes and
30  generating a signal, i.e., a voltage signal. Alternatively one can place a resistor across the
electrodes and obtain a current signal, indicative of the sample presence within the cell.
Upon detection of the presence of the sample, the sample detection time is noted or recorded,
and a measurement related electrical signal, i.e., a voltage signal, is automatically applied

across the electrochemical cell for purposes of testing the sample for a selected
4



and a neasurenent related electrical signal, i.e., a voltage signal, is
rautomatically applied across the electrochenical cell for purposes of UN 7006
testing the sanple for a selected 4 - 9 JUN 2006 characteristic. Afterq}lal
predeterm ned period of time has | apsed since sanpl e detection, the

resul ti ngckathéiemdiict ASEEAPRIERNTRAS PéSsh ofﬁrrﬂéméshhﬁseﬂ%ﬂﬁérs&dplétﬂef&ﬂbn e its
integration over tinme, the analyte concentration is then cal cul at ed. The
subj ect neashbiagg Cprromrd@wsegmmfta@md Emﬂnaguessum@mvmt,@nﬂaumtemumq@r 5 for

sanpl e det.ectjon. Because t T nal electrical signal applied to
the sanpl BMepihegpalyts "toﬂée"rtrﬁlﬁgﬁr‘sethﬁwgﬁﬁ the sanpl e detection phase of

the subject nethodsTHees; &thetﬁéc%%&la@éﬁgﬂ%ﬁﬁ{ra'a%ﬁtﬁ)gbs%fvef ﬁ%xseﬁ’{%hﬁods-r hus,
the value of the resulti ng out put 'signal “fromt neasur enent phase

repr esent ﬁarcsaﬂnpletdmcamuﬁecz(we there m@bwmrnqbe}ecmh:ggnal applidd tofthe feenple

characteristic of the s bei.n s red, a far re accur asur enent
Chan what PR 1016 BEBUITRET Byttalty PG O BB AL DBk Ee RIS AP o

the pr ese&feaﬂegx\ég Bt O&gaﬁén btGe Shib hgir?lc’ﬁ) thf'o‘teﬁl ectﬁgagrésgltbr@?%%gfg‘éaﬁ%ﬂﬁ@

measur enent s amaged or rior art
anal yte nﬁmsmeﬂantphsmtg@senmmﬂymmw@g., aslymdapagent{ge, ¢ic.) ofitiehor t
circuit) to either the test strip electrodes or the neter contacts nay

aut omat i cEAFIETRICoAthe LRPIGPRInG Meastsedva d¥uPRIteRE Uk SRSASURTISH! R NéWt iSsanpl e

bei ng; pr eﬁl%q, de‘ﬁ‘b&rr}h%hycﬁ}ﬁ %ﬁlrh ethfRcause the present invention does not

i nvol ve t an external electrical signal for purposes of

sanpl e detection, arnagraydw@amgebl shelpeesens ibhvaited isiperelsapason ofdhlst be sanpl e
solution within the electrochen cal cell of the biosensor. Because the

subj ect nWAGHAe APRYSi meAsaementflus to dmaged oxwriksmdied; aleriodess oW ithdhe i
t th t t hods i
LD L YRR RAPARRE SnIRERSE Al SRBRLIET LD cRuPLARLy T« Nods 1

parti cul agikther tireestustp ¢lb@rodeslbf tetmar@tdoadstsdeaywtomaipally énidpeltheatalpe of an
external voltage or current for purposes of the sanple _detection phase, the

subj ekl SYSEBHEMEN apBY: $YeH IO WHJ%P@HS Bresgtoritp degied diecawssahgpresditr ces
and, thus,, EA&%»E nSPﬁ‘i%ffv%% e AR da A G e %fec&%gPﬁgﬁdg}fg C;g.J}g&e%for art

25 systens. e systens o the "Bresent i nvention I ne

circui trysznsle dewpioieah assay bat ongpe betiated op@odaiosid od thepamplcdethtiont veigtial | y
with a neter for receiving_a hiosensor, such as an electrochem cal test

strip to W@l%“ﬁ’ﬁ@“&‘éﬂﬂeg of fiehigsensorpi o ogical solution is deposited, for
purposes of measur | Bgeshsd MeathRtk AAARACKE S HIbanaPpior st AEUEANGERIGAL! On O

sel ected anal ytes of I nterest e sarrp ect roc em’ca
stri @0 asfemter kteps thosyatedDafdiddrypahests me&mmhrjaed pmfonnnhé sulgsciametkddzat re@s: hem cal
cell conprised of at |east two el ectrodes .. a working and a

r ef er encefUBRRY drandpeppeigiemehads i3 mp; %ecémfle%?ff: @ﬁ“‘f&ﬂﬁélyn kecguseithe d

subject methods do not require application of an external voltage or current for purposes of
the sample detection phase, the subject systems do not require inclusion of such designated
energy sources and, thus, are less complicated and involve fewer components than prior art
25  systems. The systems of the present invention include electronic circuitry and components
that may be incorporated or provided integrally with a meter for receiving a biosensor, such
as an electrochemical test strip to which the sample volume of biological solution is
deposited, for purposes of measuring a selected characteristic, e.g., the concentration of
selected analytes of interest, of the sample. The electrochemical test strip, as will be more
30  fully described below, includes an electrochemical cell comprised of at least two electrodes,
i.e., a working and a reference/counter electrode, between which a reaction zone is defined
for receiving the biological sample.
Also provided by the present invention are kits which include test strip meters

which incorporate the subject systems for practicing the subject methods.
5



for receiving the biological sanple. A so provided by the present invention
are kits which include test strip neters which incorporate the subject
systens for practicing the subject nmethods. 5 - 9 JUN 2006 Wil e the«@ujcu'Neﬁﬁ&.
met hods, systens and kits may be used to detect different types of

bi ol ogi cal sanpl es, such as blood, urine, tears, saliva, and the |iKke,
applied to various Whifsethe ofibjettentthatshsrsiensd andedils sndyore usad todetsuirdififeent of

various characterjstics, such as nal yt.e concentratigns,.they are

o t 5 cul aPpe gmpl gl Sty Sveices et UG (G Sa 2 g HioSPIBIG bl ood

{ ract i ons sty esdr kcSciRRALY BEd Rr HiSmElss | Al

strip forvt est[gkg%tser m rﬁat? on odf] gl uc<r)seq@%ﬁcgme?g?fggﬁhé:fr;éjia‘h.eﬂ{llhcg’s%@gtﬁ%

ot her obj eciige casheanbhdgasthegnd: faeddularbswell suitee fpr sakteciion entangiesdiiblood
becone apparent to . those persons skilled in the art upon_reading the details

of thed mePhaed frapiionsaad difs!iis astappligh WLba FlerHoBRMIGH Culh PER teat ¥ripdprdhe ul | y
descri bed . T THE DRAWNGS Fig. 1 is an expl oded
vi ew of aﬂag@\(@l?trl%]g%@%gf P&@gﬁr%dﬁqge OF use with the present invention.
Fig. 2 is a graph offht&eend@iler@biepts0idvattages, and faatured efthe peRENTiif@ntibesiill
strip vs. 15 time for the nethod of the present invention. Fig. 3 is a
schemat i cbefiosranprsnt Wrihesecersonmplelled pcthe prigpop readansche getailhef themestleasds

i nvention ivel |, € ctroc ' i sor for practicing
the subj aRPSs B e RN Bl ehBaPlnEhofd FRHGM et BREASE] O PIRSTLE
The pr@esent invention provides nmethods and systens for automatically
detecting the presence of a sanple applied to a biosensor (the "sanple
detection phase") and then i BNEBPENRPEONREEIE DRANWINGS a t ar get ed
characteristic, e.gqx. th tratl f,.0n [ [ nal yt es,.,of the
sanple (the " rreasurg?%rlltlgﬁrﬁggpggé‘édi\ﬁrér‘ggf%I?8‘e§m§%}§ﬁm%ag?rfcﬁf%1%82?%%%6?%1}1}! tfh"T’he
sanpl e depeeddtemvapfiase of the subject nethods is perforned passively, 25

i mmedi atel y upon application of a sanple to_a biosensor, w thout application
of a voltage step fimdis agraphof Wie volieke proddaprepvrastalgoiroghemigal lesitsirg e
functjon (as M &h hr tentionetry). The subject systens include

el ect*%ni émgifprc{li‘fat’?eﬁh?%é}qggp e(%r%"hvgenglﬁ%se steps. Also provided by the
present invention apg. Riit § séieatatit AtghdR oftal B18ErGHHE CRCUTBSR sYMROCHS the

i ncorporate the subject systens for practicing the subject nethods. 30

Bef or e t hBICpRTE SRYRNUPM PRGTRT Y FeuPiRskieransiagtiopheie difuesengar{pr pragticingtheo be

subject method.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 The present invention provides methods and systems for automatically
detecting the presence of a sample applied to a biosensor (the “sample detection phase”) and
then initiating the measurement of a targeted characteristic, e.g., the concentration of one or
more analytes, of the sample (the “measurement phase™) immediately upon sample
detection. The sample detection phase of the subject methods is performed passively,

25  immediately upon application of a sample to a biosensor, without application of a voltage
step function (as with chronoamperometry) or current step function (as with
chronopotentiometry). The subject systems include electronic circuitry for performing these
steps. Also provided by the present invention are kits that include a test strip meter which
incorporate the subject systems for practicing the subject methods.

30 Before the present invention is described in further detail, it is to be
understood that this invention is not limited to the particular embodiments descnbed, as such
may, of course, vary. 1t is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is not intended to be limiting, since

the scope of the present invention will be Iimited only by the appended claims.
’ 6



understood that this invention is not limted to the particular enbodinents
descri bed, as such nmay, of course, vary. It is also to be understood[qtﬁumtm%
the term nol ogy used herein is for the purpose of describing particular
enbodi nents only, and is not intended to be Iimting, since the scope of

the present inventiWhew d fanBeofl valids e6ipi@Rldedby idiRleRRRARNBAGEH &Hidenifg - 9 JUN
2006 Where a range of values is provided, it is understood that each

i nt er veni Yadue, (cathgéenth of theamitedthe lomer hisitumiass gie qontext eigedly dictates athgresss, t he
context clearly,dictates,qQtherw s bet ween t he upper, and | ower |im.t of

Uhat rang® are k) PRt raR el oot BF ortdBpo Rl wmy Dar SRS e iEieN A Pange
I s enconp@agsededtanBe it dnbB8mbENMvitRIN- thd IR eHIRE N TRNEppPePWRT 1oieMitiftsF tHédese S
smal | er ranges may i ndependently be included in the smaller ranges is al so

enconpas seehllenfangesnmenmde pandnnthobe includg@ ot the smalgr repgesii$ alsakhgonepesiedded
limt in the stated range. Were th ated r e i ncludes one bot h of
the | i mt il SheaSenseRy i) \erDHer GHR GF kLB imier HaGd RRéh (UhdFe ol so
i ncl uded dhahika rbxf@éeiﬂéllﬁ@ék-qn\:’%h%t% diehd 155%93,% %%@]@dinglehh&ﬁﬁﬂﬂ bFﬁH)l?sé‘”d

scientific terns used herein have 10 e sa nmeani nd as connon
under st oadclbgedlnmito hirecilw inalugedsinithd iniventidne art to which this invention

bel ongs. Al t hough met hod nd materials sinmlar aor equivalent to those
described herein cgﬁXISﬁss‘{flgll‘j‘E‘?H&@H“F% aﬁH%C Fcéﬁ'f“irgc%c‘%‘ln cdemisied PeepdayEesent
i nvenli o | M LREhnI9f ; i e

doser bed s Hebfifl spHRRE R o e ol L et e

cl ai ns, tiheensiondpeloags. ABhéwphrmy hethodsand masarchls' tilnglar onejuindderp tautheke r ef erent s
unl ess the cgntext clearly dictates otherw se. publi cati ons nti oned
herein ar S?‘ﬂjéf;ﬁ‘ﬁfﬁ"bfaé‘da]?é?ee‘i‘%‘fdb@/ﬁﬁﬁ@@?’éﬁ@é@%’_’g@‘i‘ﬁpﬁéé"%&”&’é’gcﬁ ¢ he
et hods RAURE ok @ht:Ablhry MeHOBISRIh AR M bR WAL ARkd Reinpubl i calions are
cited. The publication I scussed herein are provided solely for their 20

di scl osure prior tdtirwest be hatedthdodsersed hetam qudas ¢t appppdddaddiinsnthe Noighlang
herein is to be .cqnstrued, .a n adm ssion that the present invention is not
enti dPed PBRSrA ecHht cand idhe PEIBAY Bt MEWIS\H”P%SEIH“COCP“%?‘F lFay g Ton.

Further, Jdihgwsiates of publications provided may differ fromtheir actual
publication dates, which may need to be independently confirned. 25 The
present invention whll publoatibes mestomet dreimard encairporatdd hercenipy sefgrence to

el ectrochem cal hiosensgr usable with the systens and . oyapl e by the

et hods. GHIE 2R HERERE T TE RS o e ST PR Y L PhiehaRE - o

expl anat i ik AioRk el Hed. The bIRiRNETE E&uRicd Hel8n BFSHEMHed BNERTLPMeaNd Of the

particul ar discoveries nade by the inventors, followed by a” detailed

desciZ0pt i dselesire preordebjeddlingndstchaldbe predentapplsaabpec Nodysg bersin iago el | as a

deser ot A%t o ARGk o et o RlnoPh R4S S5LhRE SR, the
publication by virtue of prior invention. Further, the dates of publications provided may

differ from their actual publication dates, which may need to be independently confirmed.

25 The present invention will now be described in detail. An exemplary
electrochemical biosensor usable with the systems and employable by the methods of the
present invention will be described first. Next, an explanation is provided of the premise of
the present invention and of the particular discoveries made by the inventors, followed by a
detailed description of the subject methods and the subject systems, as well as a description

30  of the subject kits. In the following description, the present invention will be described in
the context of analyte concentration measurement applications; however, such is not
intended to be limiting and those skilled in the art will appreciate that the subject systems
and methods are useful in measurement of other physical and chemical characteristics of

biological substances.



the context of analyte concentration neasurenent applications; however, such
is not intended to be limting and those skilled in the art wll appr:ﬁfﬁhﬁ
that the subject systems and nethods are useful in neasurenent of otﬁ N
physi cal and chem cal characteristics of biological substances. 7 - 9 JUN
2006 El ectrochem cal Bi osensors The subject nmethods and systens are usable
with a biosensor, nore 5 particularly an el ectrochem cal cell-based

bi osensor, into which the sanpled biological material is deposited or
transferred. TqﬁEﬁr@&%nﬁéhﬁhﬂg gﬁ%igns of el ectrochem cal cell-based

bi osensors. Th e designs enployed in the field of

anal yte concentr at iTHe sibject ®eihods andcdysidmsta@sSitisablerwith 6 Oifskigier,ahdiens, such as
those disclosed in U.S. Patent No. 6,193,873 and in copendin%_U.S. Pat ent
Appl i cat i eartSakdrly anndestroglgmigyl gl dasadbiognagy ine 9hichahe 3@l bimegical

09/ 746, 116, .t he .di,scl [ her.ei n_i. t b f :
Such ¢ est T4 UG GRL Frblontl TPeRl v iye dab AT ORRGtoR et el e
neasur enemigsensdts MRS mbhieoenrfidp6f meRdekiBnd &}ﬁpl@?&yﬁ‘rthé' eild df mdiyRat ent

references. Electrochem cal biosensors other than test strips may al so be

sui t abl e fconcantretion monitongingBdatest stupgonioguratins, suchrglthnse disglosed 1n U.S.

el ectrochem c cel have a cyli ical  ,15.configuratio rei.n a core
el ect rode%nghlpag’ilg?’g?g%czﬂqo(gﬁlé%“%\n t ilf‘?%&t §uRl 1opl§%an|a 0?’3\92@5 r3§3é. Such
el ect ngcheryal260e09/730088 i @3/798)51 678 BSclbdhrdshT ﬁm&m&fhcfﬂiﬂrﬁoﬂﬁﬁﬂé&ﬁ

and, as such, are either integral within the needle structure for in SI¥U

(e.g., typefemncy. Bwahetest strips ask sedsith mete)s qpnfiguned ferglsctmchemtvel wi se i n

hysi cal fluid icati ith ' - dl t t . Exanpl f
Cue m cr roterEnr Bt Bt Bhclthe o g ToraTes et HHeOME foat fon
Serial Nos. 09/878, HéctaRfeBR¥aBHi8sch98rs bitlee thaRest 4iths btay AQe sud@bRIYr use

incorporated by reference. For purposes of this disclosure, the subject
devi ces wiwith the prajesionvdntigni Kouemnyile, ltheetlegrachemmal edl meehdw 4 eylindsealst ri p
confiqgurations: howeyver, those, skilled in.the.art wl]. apprecja t hat the
sub] et aeoraRa Cheelnaa T eentdias Ehktnh &8s Bbied bibindhRes Bbfie

conf i gur atele@frodd. NShdhcHletgrobhéihiealNRBAbAfi SR drduh Al bedinghe Edrmldtanicydeddlies

el ectrochem cal neasurenent that is made may vary depending on the

par ti cul arnéasispeh.@re eifsr Huegiy! witn threneedlestrugiurchfofft e ten, picelly wrdeeni cal
t t tri i . j. t . . N .
coul omet 1 1o i ST sy Ferflerns SERAAK A0 BRIOTRE B d A BBIBIGE i | i)

measur e chatgendedlesuoii NEX drhleO6fayh nGetbhRBdle atd\disclogdliie opeidinLUsssay and
potential in a potentionetric assag.ﬁéorq}}ggj&goses of this 30 disclosure, the
/A4 ap

preserP i Aatent PeRlicition Ssealiies OPEd Hil @& Hlegroralppe l8n#d¢L; bergR%ays;
however, tiﬁ‘c%rg#‘rmeﬁ%& rEYhEE SENPhr PR e EORhRYF I M 1R WibfetPEeviles A5HAE aNd

el ectrochénic v
described in use with electrochemical cells in test strip configurations; however, those

skilled in the art will appreciate that the subject devices may be used with any suitable
electrochemical cell configuration, including micro-needle configurations.

25 The type of electrochemical measurement that is made may vary depending
on the particular nature of the assay and the meter with which the electrochemical test strip 18
employed, e.g., depending on whether the assay is coulometric, amperometric or
potentiometric. The electrochemical cell will measure charge in a coulometric assay, current
in an amperometric assay and potential in a potentiometric assay. For purposes of this

30  disclosure, the present invention will be described in the context of amperometric assays;
however, the subject devices may be employed with any type of assay and electrochernical
measurement.

Generally, in any configuration, an electrochemical cell includes at least two

electrodes, a working and a reference/counter electrode, spaced-apart in either a facing
8



nmeasurenent. Cenerally, in any configuration, an electrochem cal cell
includes at least two electrodes, a working and a reference/counter . g jyN 2085
el ectrode, spaced-apart in either a facing 8 - 9 JUN 2005 arrangenent or In
a side-by-side arrangenent in the sane plane. In the first arrangenent, the

el ect r odearrai@nspaf it £8ddYy-8ide Rirn EPRHEM tha ¥She thé.cth Heffirtesradgdm@t then
area or zone, or chanber into which a blologlca sanple is deposited or

t r ansf er r el¢ctredesanasaparatasdnceiin spareayarsulioh dafinas 2 Ieactionared ofeopg-%i de
configuratjon, th l.ectrodes are in.a,chanber with a,5 defined thickness
and vol untraipaddfoTE o e ot P e S IRERbisblb e T SebAfonc i fiRe or
nore of tRRadiacindsk. JHIREE@SbREIdE BenfBhR&Id0HR:lccBioBePA8 iPh cRRer VAEPX
reagents selected to chemcally react the target anal yte(s). Such redox

reagent s deipresithicknessrpdivelunmt Hresgst indhereaetonysrea enchambendieatcoated on osdioul d
al so be noted that el ectrochemcal cells can have t or nore . electrodes,
o0 one et Rl G TEPBESYHHE SEe BRET e LT F BPEHEGoRTeaB b MY 10

wor ki ng ekﬁ‘&ﬁi&%rﬂ%ﬂﬂh@Eh?géigﬁﬂg@fs).ebﬁ@ﬁ 106€ raBchtO0Rid8 BhARAS: & 184t bade, two
wor king electrodes and one countér/reference el ectrode, etc. Depending on

the type efzyappdridcamediatori it showld alse bemweeddbsdidablboehanmcilaeds par kavelan of wo
el ectrodes in the %I ectrochemc cell to, allow nor.e accurate voltage

| f
appl i cat i BRTOFIEHIFIps- F B RS gtﬁieﬁﬁo%?@ ?r}?eﬁ‘?uﬁtr‘?’é(gergﬁgmﬁt dectiodeeifesent at i on

of anj@xeqpliahy cRtR6&d ANERICEB el 88dtrodlkah® oAOrdtbb @ &Rk, MRBworkmgh th the
present invention is provided in the exploded view of Fig. 1. Test 'strip 10

is made slsctoddes abdono nountgréefetchcankdcmodeopicl Aepending se partapedf dppligatici, it

o 22, HEWEF I SeD O AN TR Eleqsoded s F SR E O Pl a8 AN e

form of el‘&'&%&z‘%%cé&‘éiea\}&%%&rﬁpﬁ%ﬁtid?ﬁor%ﬁ%g@?&jJﬂ&s@jﬁgaﬂﬁ}eht_hhﬂ ohél@na]%t@.nge from

about 2 to 6 cm wusually f about 3°to cm having a wdth in the range
from 20 about 0.3 t &\ fepGsentptiansefainexempbny abcmchémical tesOstidp d thsuidatde fraviseg a
t hi ckpess i he range fromabayt . 0.2 to.1.2 d ysually . framO0.38 to
0,64 i - BRI R TG epoR R TR s DB TR LIS USL Pt st 1 adins,

respecti V@p ¥f a bARGE 18¥er 30 ahd & kdp ]%%H?@Qfsfepﬁﬁteb%‘}'é'tﬂg sPREeR 1433} 20 WhYdN 12k ahas

been deposited, typically by sputtering, a conductive material which form
t he ref er eviewanpeftino thdt dgfindsagtactide gond & arpel 225G ralbys bptomiapditgp layers 12ner t

backi terjal is.typically rigj ial and bl e, of. i di
struct ar arnih BB Rl ERtos ol 8 dpBRbeHsRen R SRRSGCE pivine BRI P
el ect r ocheiwg€ #lont £5dut 26 bRnASs R MHRINE aboRd Gho BWint, dBYiAg ABYiaH il the t4Agt A
pl astics (e.g., PET, PETG_ polyimde, polycarbonate, polystyrene,

pol ye2? er poud 013 todnl crepsaily: frogl 2oyt 0.ariel Ot/hem, andipevinghadhishners én theaanggt er i al
S e BBl 2P R Bl 38 PO L 020 oL e )
Bottom layers 12 and 24 each define a substrate base, 14 and 26, respectively,
made of an inert support or backing material on which has been deposited, typically by
sputtering, a conductive material which form the reference and working electrodes, 16 and
25 28, respectively. The inert backing material is typically rigid material and capable of
providing structural support to each of the electrodes 16 and 28 and, in turn, the
electrochemical test strip as a whole. Such suitable matenials include plastics (e.g., PET,
PETG, polyimide, polycarbonate, polystyrene, polyester), silicon, ceramic, glass, and the
like. The conductive material is preferably a metal, where metals of interest include
30  palladium, gold, platinum, iridium, doped indium tin oxide, stainless steel, carbon and the
like. For example, a palladium coating may form working electrode 16 while a gold coating
forms reference electrode 28.

Spacer layer 20 is positioned or sandwiched between electrodes 16 and 28.

The thickness of spacer layer 12 generally ranges from about 1 to 500 um, and usually from
9



| i ke. For exanple, a palladiumcoating may form working electrode 16 while a
gold coating forns reference el ectrode 28. Spacer layer 20 is positk@ngm 006
sandwi ched between el ectrodes 16 and 28. The thickness of spacer |ayer 12
generally ranges fromabout 1 to 500 m and usually from9 - 9 JUN 2006
about 50 taboliS5 ton 158pan.eSpicay biyei2lD) may bbinbtiaked Gatreshyfoonrerday maavawhket
material, where representative sw table materials .include PET, PETG

pol yi m de represepiavgshisatle materialantlpdePET TG pq Wanide, polysproaate aag die 136 may
be treate 28 and
ther cby. oy s icest GBS Aohh bRubARERFL b BARENURT Bt

Spacer | ayfdctrdles B aid 28mdabereby prapiiifl ehesstroeant bf)mczma&oarenﬁtﬁaeszztripaw ng
any appropriate shape including circular, square, triangular, rectangul ar,
or irrégul ar shaped naé%rdﬁyeérzoaff ey so aa—ﬁeprpwe@naa%@mzem OF argh 62 haWBE FBY zone

22 is def| n t f cer

| ayer cilgﬁ poleg te Sﬂep % gfu\/\&glcélj’c{]gﬁt% além?etgc g‘lﬁrr geggaggaggr O%I%Vgﬁ\/ %of t he
reacti on ge&tioh ARAES Thé WP ald Hotaml of ROkehctibnlzdng 22Gs hsfmaquhhe/fs‘crr@r@uﬁb@est 0.2
to 10 5.0 L and nore usually fromabout 0.05 to 1.6 AL. Present in the

reaction afelecrodesddpads mhild spacar layercledefing 8thefsidevadls pbthe ra@tion ues 22 éldhgx
or ot des FoMT pEREueliPY o' adigen rorhponenre Dde TBREARER GERBEMALT G
the t 3pgets @Pﬁgoaﬁ&gu%m\ﬁ%n; E%mg(@@({glilt@‘ﬁ_l on of analyte in the biol ogical

mpl e.” The X reagent “system or signal® 15 produci ng systemtypically

| ncI udes at | east orfresnzitnthe caoPpanaBl 22 ddpasitddicat Giie endd¥ndrRERtrodd D6,MBBY
enbodi ments, the enzyne conponent i ncl udes_one or. nore enzynes that work in
concert t deend §recat ﬁ)@éﬁx@éewr@ InrrdeRgddods aispanal meducing systenar whigh geovidegdor

enzyme CQHP@J&?B& r8£gee§1{‘€o ne;%jn%ﬁts tﬁﬁ%ﬁ&hlcﬁﬁg n?#lja%t%lm% té‘rgetoafnagztéfo”& e MRl YL €

oxi di zi ng/ reducin a collectio at wor k

in concertcohm:nmmdm EEdﬂa@)delﬁethE bolddcABahplee Tok reduxatg®hnt sybym aﬁhgm}zymas of
i nterest include oxidoreductases, hydrolases, transferases, dehydrogenases,
est er d3es ProgigingRYSiePKPICAbIG Rides %tH@S§%¢W@Eéﬁmemﬁagéme '?‘ﬁr t he
reaction e i Gyl

el ectroc hgﬁlﬁ@aﬁéﬁey izl fntﬂ%‘lhs (F]{ess?]g r?g%yr?%%d% ‘%"g’gﬁpﬁ‘vﬁﬁ &?ie a%rae|°§/’ %Sf

i nt erest Itbatg*l'mk;olseonctnno exial'nzprreducsmhet aralyee ehinyeness. In orbénderdg) the esgynaxi dase,

gl ucose deh};dro en g ither (3-nicotin m de adeni ne di nucé.e_oti de 25 based
(NAD) or ponent o ther ox reagent system 1s ma eupo a single analyte oxidizing/reducing

4, 5- D hydrg ﬂgfm%\%ﬂé 9&% thgy{vw&%&e%narﬂw HAl VR n?mzm% Lo R ROALEEy ﬂ“@c' d

based (PQQ ere the analyte 1's cholesterol, suitable enzynes 1nc
chol egber @halyesifenasst. aTup:cﬂhohamﬁasroﬁimmstda@ede @odomﬁ%aseaﬁaddmless, enzynes

i ncl udi ng but_ not ed to o rotein Lip cerol ki nase,
Ul cor ol AHE T e AR es. IR AN T den PO Y oihE SPerale TaRe present

pyruvate Qxidagsoniodl QI Wpefid HARE pabhlaf M fle orivlaeR the Wid SRR mR AN EQSLAS
is designed to detect. Where the analyte of interest is glucose, for example, suitable enzymes
include glucose oxidase, glucose dehydrogenase (either S-nicotinamide adenine dinucleotide
25  based (NAD) or 4,5-Dihydro-4,5-dioxo-1H-pyrrolo{2,3-f]quinoline-2,7,9-tricarboxylic acid
based (PQQ)). Where the analyte is cholesterol, suitable enzymes include cholesterol
esterase and cholesterol oxidase. For other analytes, enzymes including but not limited to
lipoprotein lipase, glycerol kinase, glycerol-3-phosphate oxidase, lactate oxidase, lactate
dehydrogenase, pyruvate oxidase, alcohol oxidase, bilirubin oxidase, uricase, sarcosine
30  oxidase, ascorbate oxidase, glutamate oxidase, peroxidases, and the like may be used.
The second component of the redox reagent system is a mediator component,
which is made up of one or more mediator agents. A variety of different mediator agents are

known in the art and include: ferricyanide, phenazine ethosulphate, phenazine methosulfate,

10



30 oxi dase, ascorbate oxi dase, glutanmate oxi dase, peroxidases, and the |ike
may be used. The second conponent of the redox reagent systemis a nediator
conponent, which is nade up of one or nore nedi ator agents. A varietg\&szs
different nedi ator agents are known in the art and include: ferricyanide,
phenazi ne et hosul phate, phenazine nethosul fate, 10 - 9 JUN 2006

pheyl enedphayiarediatmngtiboxthopieharizine mahdodule! 2badim2ied-di 4dtimdqguinone, 2,5-

4- benzoqui none, 2,5- dichloro-1, 4-benzoqui none, phenothi azi ne derivatives,
phenoxazi AiEhtaee-lvibsnzequinonfe PhebiaripR deil vRtyes. PheRomaaae dsRYHEEDCy ani ne

phenoxazi AETte: O P e PhENTge: boyanine
coml axes i RERPORR ENEL PRI REP B A AR R R b

gl ucose i geri\e vagy akiien Gfpyridterdsiledd drutHenims eoraple d@sthdahe YkelCRSBose
dehydr ogenase is the enzyne conponent, a nediator of particular interest is
f er ri cyant@bodimgngcvkese glucasens the analyag of ipEreshanchelvpesceaidass or gliicashe

descripti f the suhjec thods. . Qther. reagents.tha be. present in
the r enct OCiaeeliedt e F FaPPRnsns e« LB Rer R B R EE e,
phosphat edisciéseedlin Mbfef REH1 weadehv i el dokiRxt dQhd BECHBEOK of BRIEHectSHEREIR | S
generally present in dry form The anounts of the various conponents nay

vary, whePéher heagans thrat ney berprgaept imchpoaetinn argpinchidepufigngeegents; ém.about 0. 1

to 20% by weight. Prem se of t | pvention \s_ nenti oned above, the

i nvent or SCIYFE\C/‘%’%‘?’%{)Z\?%@HSP?‘F%% h@ﬁ%&\é?ug%ésn@g][g? 15 sanple within an

el ectm)_chem cal cel H‘hé@éﬁo&&e@hﬁ%% is%@ﬁerb]ﬁsﬁpx@?@ﬁm &%ﬁﬂhnpfl‘ﬁéﬁmounts of
appropriately and tinely comrenced, w thout applying a sanple detection

phase el ederiatahs canpangntstmoa)t Yrsy.evkese thecivanntel enggme comipprend ityueallgmynges
based on fhe det inati,an by. the inventors that certain chem cal
su;bstancet',0 QHFQ‘?é‘aagz‘ﬂ?ﬁ‘ﬁglgﬁtm conponents of the redox 20 reagent system
enpl oyed in the el ectrochem cal cell and caused to el ectrochem cally react
with the applied sanple, produce a potential difference across the

el ectrodes of Enﬂ_lselgé&w_ﬁ]mﬂmmal cell in the absence of or w thout the
appligation of an electrical, signal to the . cell from,an. external energy
sourciés.a Such a potefl":l\tsi ffml&’fl?qg’?eﬁbtgeilgveBgé%E%vgcﬁl%gv%{cg@Eﬁﬂﬁ{c BP0 2

asymret r i amplé wigposh Ele@fodBEmidA cdIPEMber REGRA! arf) it efBas@amheipHRaspar ticul arly
t he oxi di zabl e nedi ator conmponent (e.g., ferricyanide in glucose

concent r atprsAPrRiely andl Hanel herypmencedhwitheld GRPIYBEFeMPle Jejesinn Risq Hectrical
el ectr odeg gf?z{l’to Y & cc(f%gﬁamcmi (f_letllh el“h(?setﬁ)lgcgdv%} qg bggedtogeth{ gagﬁl%%at?%nslgf (g 0N onl'y
e n ei er ‘case, t con

one of the ectrodes. centratron o e T eagent

syst em or irivBrorotkhieztalil cherBeh] aligtancesyPOoL dted B pg¥dEabetomporene oEhieckdede,
e.g.,_the working electrode, than 30 at the _other electrode, e.g., the
r ef erthceregsemeriescamlpxsddn therdecirnshsrpign! el 486 cansed & alserochemically react

with the applied sample, produce a potential difference across the electrodes of the
electrochemical cell in the absence of or without the application of an electrical signal to the
cell from an external energy source.
Such a potential difference is produced as a result of the asymmetric
25  deposition of the redox reagent system, and more particularly the oxidizable mediator
component (e.g., ferricyanide in glucose concentration determinations) of the redox reagent
system, at the electrodes or, more commonly, the deposition of the reagent system on only
one of the electrodes. In either case, the concentration of the reagent system or the
oxidizable mediator component is greater at one electrode, e.g., the working electrode, than
30  at the other electrode, e.g., the reference/counter electrode. The chemical reaction between
the reagent system and the sample solution produces a reduced mediator (e.g., ferrocyanide
when ferricyanide is the oxidized mediator) in an amount, which is a relatively small fraction
at the short time scale. It is the asymmetric concentration of the redox reagent system

between the electrodes that generates a potential difference across the electrodes. The value
i1



t he reagent system and the sanple solution produces a reduced nedi at or
(e.g., ferrocyanide when ferricyanide is the oxidized nediator) i n_an N 7006
anount, which is a relatively small fraction at the short tine scale. It Is
the asymmetric concentration of the redox reagent system between the

el ect r oded titih atnegatad patessal aififtertis ptopditidnal ®nberaucraisise ddreedtaiohnbdes. The
value 11 - 9 JUN qﬁOOG of this }generat ed potential difference is proportional
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equat i on knownawtheslNermkeEqlatiost Equation: 5 E = RT In [0), [R] 2 nF [J2[R],
wherein E is the potential difference generated across the electrodes; Ris
the 8niversal gas constant (8.31441 VCnol-'K-1); Tis the tenperature within
the 10 el ectroche 'caﬂ LI; it is the nunber of electrons involved in the
redox reacti org= $n ay's constant (96,485 Cnole); [0], and [0]2 are
t he concentrati orsF of [QR]oxi di zed nediator at the working and

reference/ counter electrodes, respectively; and [R, and [R|2 are the
concentrations of the reduced nediator at the working and reference/counter

el ectrodes, r i . . confi i reimn .t npl e
detection thres e(g%g%v%ﬁ%%oetg?{??gﬁer%gélggl%tr gééér%%%%\egk%e& ‘gﬁ s ?’%e gener at ed
pot ent i alunflicfdabpRnoastahth@. 31845 VCRNK ' phesehofenipataturesuthi® e net hods can be

initiated upon the immedi ate detection of such threshold voltage. This

t hr edflol @leggpehegicalsellymisdhs nymber of glecrapygiavelvedinheuedox reect®nid/is |t shoul d
al so be ».th n upl r . i

Gener at o Tty ssORGalAG A B BRE LOSRE 168 Fe BlthePRASE of B RH AL

di scr et elnyedit@pofithedoMing iR refcPsrie/comecdltatfodes, eespeoihely; 28d AR, enaqR 1\t Y,
the electrode material itself may behave as the redox couple i f materials
such as thggconagntrgyions ofthe regucedy redigtogapthgeeqrkingrrad sefesape/comjeelqesndefay be

Uypes. of e et BERHRgx ysely e a gfpRAM el R (RSB SIS e TP

Wi t h1§he i@tRsRPEctedVALE bDihe igBndiBas polchdaldlificese, tenoeiRifedicnoplsas2 of thet hi n a
sanple include but are not limted to ferricyanide, ferrocene, ruthenium and
osni um &BpigtteneiBodsvanhsdaitiaied ppen theyaymadinie Aeleetai Hfghch thiesbeld whtaghe above

prem ses Thﬁﬂﬁrésﬁglﬁ%ﬁ!@e f Wp?ca‘i'@tiﬁm@ xfﬁﬁge #8@%bout 3 to 6 mV. 1t should also be noted

that more than one redox couple may be used for helping generate a larger voltage. In this
scenario, both redox couples must be discretely deposited on their own respective electrode.
20 Alternatively, the electrode material itself may behave as the redox couple if materials such
-as Ag, Ag/AgCl, Zn, Ni, or Cu are used.

The present invention may be used in many applications, e.g., in the
concentration measurements of many types of analytes, using a variety of mediators.
Suitable mediators for use with the present invention in measuring glucose concentrations

25  within a sample include but are not limited to ferricyanide, ferrocene, ruthenium and osmium

complexes.

Methods of the Invention

Accordingly, based on the above premises, the inventors have determined that
30 the presence of a sample in an electrochemical cell can be detected, and the measurement
phase appropriately and timely commenced, without applying a sample detection phase
electrical signal to the electrochemical cell. As such, the subject methods do not employ or

involve the application of an electrical signal 1o the electrochemical cell for purposes of
‘ 12



30 the presence of a sanple in an el ectrochem cal cell can be detected, and
the measurement phase appropriately and timely commenced, w thout app| m’mﬁ@%
a sanple detection phase electrical signal to the electrochem cal cell. As
such, the subject nmethods do not enploy or involve the application of an

el ect ri capersorgnag tHeoatipe ddtaxion phhem Wah tleghresehomvputipp ses pldse 12 - 9 JUN

2006 perform ng the sanpl e detection phase. Wth the present inventjon, this
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el ectrocheni cal cel ke - :
with reference to Fi g}jle Z,ES §fﬁgt§ﬂﬁe}] %ton‘?tg?(t %?ﬁg\p\’%g%\%&ytab@iggﬁég%r%r at ?jé)% ’
measur enein thpeofitox nefchnamalytdximk agratiah nscasmemebt pesfongedon elbedbgiosivaniplzal t est
strip operati velt‘/? pl aced in a neter of the t%/pe menti oned above. In

pract ii nisiiHan slepiredeniet Mebsinpoperatively paced psa mestsd of Hie typromanizangtle
concent r afyl : LV Vi

o ovi ded SR AN PREUEEREN B Rtte (1 Ao Tk BRARE S LALH

conpri sesm@ag@éthadtaie soVRRAGAYIng @ rédox reh@nt kyan beleidddamitig itgchem cal
characteristics such that a potential difference occurs within 10 the

el ect r ochelffiEepherssal celhyherehtthe FeageniGuHEm RIPTISEYE PSS RIKICOMPANgnpEe, as
XD 2 N Yrdefcy ey APONSnich RnREBEL G M [y 2Ok RGH ATREORTSoo B Riflif01 o
sanple, e.g.," a bfoo anple or a control” solutron Or purposes o

verifyl ngmrelécmumlﬁcslmutu?ag th@ediRBheri¢al Rhetiont et b bayhple] & exphivdigd and
pl aced, deposited or transferred to within the test strip cell in the
absence ofetaihab®veext ernal |y applied el ectrical signal. Placenent of the

Tast strip into thettREEehPUFNRRS mBRSAERHSNER s bld Sl S8 LA BF

strip ("oncsmidisoR®sh T purpobes of veRfyiapE! ir@dld SHbolihg tHiaes apptm.indgsiygnat ed
by arrow 30 of Fig. 2, to the electrochemcal cell of the test strip by
whi ch t heoltainsf éngelaé@i, idspospied o6 tragsternred toupithie the tog stk ¢eblda thesahsgneej oftadd.
The s I i - . qap i.ng fere ount er
ol cct T oae g By s ATiCa S AP RERAERTGRE SARDIE N8y 08 L BEERRE D T 2

bet ween t heoalptichedislieSrspinsating theapplstripint®the 0fst eecrwat tieargppRinglihe simplel ti ng
vol t age roduced by this negligible, pre-sanple-application current flowis
due to th¥ BffesbttrigronpeteaOPYA&D: anpl i fier 106, and is typically in the

range from about -2 i hdi t f.Rg. 2.
Thus, the wet sanpl (Ia 6‘%%\@?%(?3?%%%@ ﬂg‘gt‘@ggﬁ‘ggﬁ‘?ﬁgﬁgé’ffgﬁot eﬁs“gt her eby
causi ng aelpar@nimadal d¢lf bthe nsestaiprbgsshit htheah@pler detkesion phsse b tlendubidct

di fference gr voltage across the el ectrodes is nonitored, and when the
moni t<ft edn\?&oéagsemitgatedd@{@é@wlq g R deR S g ugs e YOoPRa#Iq ned

e i e e T T
between the electrodes prior to application of the wet sample. The resulting voltage
produced by this negligible, pre-sample-application current flow is due to the offset of
operational amplifier 106, and is typically in the range from about -2 mV to +2 mV, as

25  indicated by bracket 32 of Fig. 2. Thus, the wet sample forms a conductive path between the
electrodes thereby causing a potential difference across the electrodes. The potential
difference or voltage across the electrodes is monitored, and when the monitored voltage is
detected to have increased above a predefined threshold voltage, designated as the sample
detection time (indicated by arrow 40 in Fig. 2), the analyte concentration measurement is

30  then immediately commenced. Typically, such predefined threshold voltage is in the range
from about 3 to 6 mV. As such, the subject methods provide a means of very accurately

determine the point in time at which the sample to be tested contacts the test strip so that the

duration of the measurement event may be accurately timed. The first derivative of the
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30 then imedi ately commenced. Typically, such predefined threshold voltage
isinthe range fromabout 3 to 6 nV. As such, the subject nethods provide
a neans of very accurately determine the point in tine at which the- gamgl78
to be tested contacts the test strip so that the duration of the

measur enent event may be accurately timed. The first derivative of the 13 -
9 JUN 2006°lege sagfeal &5 @sain indicaliepofdipw frgl batvpbiieeos Lerpiried sthen kampiglit age i s
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arrow 40 of Fig. 2, Cdrviehcéaentditht 6REGOEMET phad] esketRidd w30 o¥ Pigt age

| evel by a voltage source external to the 5 test strip. nerally, such
test vol t ag@lvearngebcationf apeideteomingd &G0 valage Tens! b 8 yplthgegrovtnereatemal pe Buced

fromthe el ectrochem cal cell is. then neasured ncti-Qn tine, After a
bt edet B nHLATPL FERCETG ol st bR EmelE a5 PY. BtakhiTRon ™t o be
repr esent ahifR, poduddagrGp M ddchQnicaf cellieteangRtu@dal ¥ fighctioH Githe. After a
predetermned tine is generally in the range fromabout 3 to 40 seconds,

and nor e prsecaningditime, e vadwege the measipeiturnt v RErewedridbe rdmesentative of

Alternatively, the representative cugrent | ue be an average of a

ol ural 1 ty (ronseEaoB L edarsft B cStirers Satmmed ime Sanedly i Betmgen ned
time int ered] ShdUBied0 @nddRRE &R g)p&%fiy i1l H8 rangleiftdm ¥Bdut 4 (B@0GRMHdguUoUS
measured current could be integrated over a predeterm ned period of tine.
Wth ady Jiteriatiyelycinerepresentative cementtvalue snaydws| a9 avetage oflaphiralgp obf thi s
predetermned tine i eneral |y at |east about 3 second en t.he sanple is
5 bl ood A HERS o LR TEfYR et REEaBe e rmn iR PO GRRUPEE FF o ovi des
suf fi ci enprddef@®BmirRl tidd) SUIERIARE SofthudhSsRhifedifehPEoliNBe IREIrAEQbvé be
reduced in an anmount that is readily neasurable. The concentration of the
anal yt e i gpradhermuediperadd of timal Sitteanydbfukdsa guirérd measersmestipotacobntheval ue
(whet her si.ngl .diiscrete surenment .. an. average, a plurality of .
teasur orre RERUBY oL S HEAHESTLET RPEd Bret AL ahart SecBptfbir e Spmgple s
Pract igi ngldoBnt MyeRtded inafite RNLERBEIhARRYRiont fRBell ¢ PRIV dds RUETH dr BinR! foP

i ncl udes systens for carryin out the subject nethods. The subject systens
i ncl ude ethsgeagsnisdosinyplynand sorghelmediatar te b¢ radpced intaarpgrapnt thabis readly wi th and

el ectronical | oupled to a bio SOr, Su as a _di sposab test, 25 strip
ot evi ous! R auaaPL 5 e b e baf e el R RRISE B g <

pl aced. Maghsurtd Phrech bilue SWERhE L£GHdIOMikraie hpdidrénentSan MRl ghigditny Mt 0 a
nmeter or other automated device configured to receive and operatively
engage wi I§a8eIRCRIE 6T 2 SPHIYORHIPIESHRIALBSATUECTBRE). or nore  physical or chemi cal
charaggeristics, e.g., analyte concentration, of a biological sanmple held
within the el ectrochem cal cell. Such electronic circuitry may conprise

di screte el ect 89stems for Practicing the Invention

As mentioned above, the present invention also includes systems for carrying
out the subject methods. The subject systems include electronic components and/or circuitry
intended to be used with and electronically coupled to a biosensor, such as a disposable test

25  strip previously described, into which the sampled solution to be tested is placed. Most
typically, such electronic circuitry is incorporated into a meter or other automated device
configured to receive and ‘operatively engage with such test strip and to measure one or more
physical or chemical charactenistics, e.g., analyte concentration, of a biological sample held
within the electrochemical cell. Such electronic circuitry may comprise discrete electronic

30 components and/or integrated circuits having multiple circuit elements, e.g., an ASIC
(Application Specific Integrated Circuit) and/or semiconductor devices, e.g., a
microprocessor suitably programmed to execute certain steps or functions of the subject
methods based on certain signal or data inputs received from the electrochemical cell and to

store and record data, both static and dynamic. In certain embodiments, the systems of the
14



30 conponents and/or integrated circuits having nmultiple circuit elenents,
e.g., an ASIC (Application Specific Integrated Circuit) and/or -9 JUN 2006
sem conductor devices, e.g., a mcroprocessor suitably progranmed to
execute certain steps or functions of the subject nethods based on certain
si gnal or peha¢ inveptibs inchaizi sueld efet wonit becdireahd egdhen madmaed neatndeshent store
and record data, both static and dynamc. |n certain enbodi nents, the

syst ens ofletipormeter,gvhprND SrodeqifaBiceHECUitRX s FOMpIE iy sirugiirally and dynstiopd i ¢

circuitry.and syg l%”au%ﬁé@fng?se\{%ﬁ%#rd%o?@t device or neter, wherein the

. { . .
el ectronicC rcurtry 1s conp ructurally and functionally integral

with the autonated FpaSUseREdmAR\digeam of gn emhbobdingens 6NeERtdA ofleleatidiiz of an
enbodi rent of a systemor electronic 5 circuit 100 of the present invention
sui t abl e FaeuipFLefi the pepsenién ventinnp dwitabie fon prastiewgie methpdn of &a pregeth

nbodi t is.int d.ta.b I d not, limti to th N
anioh ¢ hemsspet: ShEasEEy T E TR e B e e Bl e e OTa PRB b o
be el ect r WgddH e sGiBRRdiRdsRah Be ambRidenl! IBrchfl 10030ELITRARIADLIE clddeicddigs a
vol tage source 115, a sanple detection sub-circuit 120, an anal yte

concent r atpmeciabisardas stnpsiil, end ganerallymmelades( wid@ge foured |15, a sempleent to
vol t age cgnverter 125 Bﬁ\ygtches 04 and q1{08, an anal og-ta-digital converter

109 and a9fFCiPLBALY 1% AN hls COMERTTAUOR MeASPIRTCRE FURETGUIL B8y ni ze ot her

circujg dcAGSTRRLSreAntd vORIROANESertRA! VR ies W04 2k P04, AR aﬁﬁb%—)(&-ﬂ%itﬁlﬂ the
steps of the subject nmethods. In performng the subject nmethods, cCircuit

100 is el ectvegni ¢6f and amigsbpsdcessoral 101 Thosesskilkednn phe10t will recogrire gthessircugh 103
of sanple detection sub-circuit 120 is.in.a closed sition, switch 104 is
o open pBSRISEI R RERE b el & sHaEf s T e P erAST UREHbECS anp! o
detectionpgisagi rcuit 120 is operatively electrically engaged with test
strip 101, and resistor 102 of sub-circuit 120 is placed across the

el ectrodes of test dnpegpornOng thrssbictonethods, cipewt E0 s elextronically ggmiddig adue t o

envi ronment al, _.nqi.se.prior to a ication. of a sapple t est 2Q strip 101.
Sanpl £ deteb B ofurilp e SR T8 pEeia efecibaipPRugyt 320 S rSa

anpl i fi er podifien, sWRRRh 1108 $s 4 épehRBi%ioR Bhd YRR ES {s\Yh thex@ipO$ositibh. Akikhdh

el ectrodes. Transient voltage V1, via switch 108, is provided to A/D
convert er saoplewlsteceon sub-greyainh2€ris eperatovedy elegiiically enggaed withiteshstripsl Od hand

t itted. ] 110. 1 ti | )

the di gi FHT0altie SPoPCRE 0 Frrdiset B A rs ot biesd elrde T Meshiegalpy,
Such pr edetsents TRk 2fpgvhd ageol hvir@RheRfAHtone prdr 8 apfiR 8T8t £sAG518 6 ean
threshol d voltage proportional to the concentration of the mediator redox

coupl 80 conpignétt Sampledetetioa huklier pizabrasuuded. amiirted of opsatienal ampliler rati o,
N N e
switch 108, is provided to A/D converter 109 where it is converted to a digital signal which
is then transmitted to microprocessor 110. Microprocessor 110 continuously compares the
digital value of V; to a predetermined voltage stored in its memory. Such predetermined
25  voltage is representative of the sample detection threshold voltage proportional to the
concentration of the mediator redox couple components, i.e., the oxidized/reduced mediator
concentration ratio, e.g., ferricyanide/ferrocyanide concentration ratio, discussed above.
At the point in time at which microprocessor 110 detects that the generated
potential difference or voltage V, has reached the sample detection threshold voltage,
30  microprocessor 110 records such time, designated as the sample detection time which
defines t=0 for the analyte concentration measurement phase. At the sample detection time,
microprocessor 110 also transmits control signals to open switch 103, close switch 104 and
move switch 108 to the “down” position, respectively. As such, resistor 102 and sub-circuit

120 are disconnected from test strip 101, and voltage source 115 is operatively connected to
15



potential difference or voltage Vr has reached the sanple detection
threshol d voltage, 30 m croprocessor 110 records such tine, designated as
the sanple detection tinme which defines t=0 for the analyte concentrgapmpﬂ)%
measur enent phase. At the sanple detection time, mcroprocessor 110 also
transmts control signals to open switch 103, close switch 104 and nove
switch 1085ttso’i]1msl tldf(wwappbsmgﬁherdﬁsiredsnp@mdemmmedk@tguktzkge acesb diecor 102 and
sub-circuit re di sconnect d fromtest strip 101, and voltage source
198 T opsaaberled st Efoal e auncad SRt o606 vEL SRk EFPEES bY R Edly

appl yi ng i s t19¥ 0, es of
PR G R SR R e el R P it
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nmeasur enent phase, thereby avoi ding false neasurenents of the anal yte. Since
the r es|lgb"rfwtts?feéﬂafﬁhég%la%‘rﬁﬂ’é‘tqf%mﬂ%ﬂy HEBHINESPE BYlamp £irgit ek inHRtAB G cat i on

f th t
pert orm tRamERTR: o8 Berch ORIl REARE BRAGH ok LOBE A, SulEbE (7
t he chemissistvigfoftthesdngsd isstot b pritvtion feedetdanpgpslication sf tetsamplel plsive €. g.

t he oxi di_zabl e nedi ator conponent i s mssing fromthe redox reatgent syst em
appl i cati e?fiSofarmﬁba@wmaE%%gaﬂ ﬂ@rplrtceltf%crf%gvh@maﬁwsgt nhgee efrbasebiede
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cell el ectrodes e Ccir cann e tri once the
eI ect r ochem maloxhhmblhaaed]ﬁnok b@dpuﬁchhlsamsanpfrerrﬂhd raﬁ)xrreagehmystmul i bri um
he oxi di zed nedi ator at both e ectrodes is the

i.e., the ct)ncentr g_@ﬁ) wg
sanme, no 358 %{qﬂa PP EHUE R hateotah desdoheieaiedhs FRguisHE chermiggls
el i m nat i;pgrifolentl Bilfs, 3otk éaﬁah&%%l@ aH&@s ﬁ:lle 91‘}'lefectr ds! Andifbs, u‘ié‘ﬁrc%YtSt em

will not performa measure %ent t est anpl'e solution ddes not contain
t he anal ydaendtde tnpgeréd. thbo;@dcxha@agmnhemmslt}ﬁmbmﬁ11ctbs'|tgraesdmplﬁnnsl is due to

t he fact th t he present invention utiljzes a nediator in the oxidi zed 25
ot 0o e ed COHBERT -5 Erepainhet (hd e af PO it BOG G TBReSR IS 1 o

and enzyBme ThS potBhEd ATESeRE chilBe farEd hdrGssdhStel, Bl ann&fauﬁgﬂ&errﬁqm
medi at or states dr ives the generafion a neasured vol t age.
re-triggering the circuit. Still yet, the system W111 not perform a measurement test if the
sample solution does not contain the analyte for which the redox reagent system was
designed. This is due to the fact that the present invention utilizes a mediator in the oxidized
25  state which is converted to the reduced state only in presence of analyte and enzyme. The
presence of the asymmetric distribution of two redox mediator states drives the generation of

a measured voltage.

Kits
30 Also provided by the subject invention are kits for use in practicing the
subject methods. The kits of the subject invention include a subject system including the
electronic circuitry, as described above, or in the form of a meter or other automated

instrument, as described above, for passively detecting the application of a biological sample
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30 Kits Also provided by the subject invention are kits for use in
practicing the subject nethods. The kits of the subject invention include a
subj ect systemincluding the electronic circuitry, as described above,JUpings
inthe formof a nmeter or other automated instrunment, as described above,
for passively detecthq t he application of a biological sanple 16 - 9 JUN
2006 to dA aBickstpemuriics] e dicnragy i ae dreanpl ith Fencap EatigRemggsarapeat
concentrg&%ﬁﬂsneasurenent process. The kits nmay further include instructions
for usin € subj ect systens according to the subject nethods with such

el ectrochem cal celThd Ktd ey fupiet Mtivde IRSUcEdsIfor AindiRisobecnyeehe or the
like in the detection of the applied sanple or material held within the

el ect r ocHrspPredIe tedhd subTace methodp withi syels clepiyodbemigal aelbin ba fermsabstestst@p osuch

as paper or_plasgic ‘ such, t instructions . esent. in the
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conponentgeditoeh@ficaldelle TheasiRelidisatlapbd PriftbB® o 3GKBHaRY sih HYRpePRPIRAGENI)
etc. In other enbodi ments, the instructions are present as an el ectronic

st or age 160c.dAs sudhi, [he ipstawtines Ay be prgsenal thedaips & packaga dedotteinsthe tahgingredi um
e.g., CO di skett etc. It is evident from.the ahoyve description that
the f eat PAe g Uty WEDFcomtonstis BireF Ly e BREUOUE AR BHUE maree b

di sadvantfgRsif) &, | Blotidr erfoB8ikingy 8% ih@FucsdiPAR praleheistanedudniciforat ext
of electrochem cal anal yte concentration analysis, and provide 15 ceftain

advariagekta ikelpaeiengon i siitablst comiputar eehdable seirage medimg e.igh €-REMModiskette,
perturbation of the sanple, sinplifying the conponents necessary to carry
out the seé‘hpl e detection, safeguarding against unintentional triggering of

the testing processy iaidddat Bthe Gbcve\RENiptidh Gt hEfediYes Fthd Mbgé&ti ng the
timng of the anal yte concentration nmeasurenent process. Further, such

sanpl e vohetheddetdeystematovenqoins oy of (i) disadvergageardf atiboas tawhnigheofbr gimplese 20
concentration, bl glgd hten?tfoﬁirit | evel,, t&e bl ood donor,] testi ng t.enper at ur e,
and the EHAEBALTTECBAICET Oliltdrr i dante SRCHrEUeREP s b BIP LUpl es. As
such,st he.eptid) RGEnthfRE8AEILARAg, Hul Bbﬁ%ﬁﬂécﬁto@el%hgﬂtiﬁg BRM sk PeftliatibPBr the the
field of biological sanple application detection” and anal yte concentration
measur enenmpleThengifpingdhe ¢ampanents netessay ovwarmpnubt desenipbedetbediosi n i n what is
considered_.to 25 be.the .npst ctical d.preferred e
N REol ek el BB
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occur to one skilled in the art upon reading this disclosure.
Further, such sample volume determination is not subject to variations of blood glucose
20  concentration, blood hematocrit level, the blood donor, testing temperature, and the
concentration of interferences often present in blood samples. As such, the subject invention
represents a significant contribution to the field of biological sample application detection
and analyte concentration measurement.
The subject invention is shown and described herein in what is considered to
25  be the most practical and preferred embodiments. It is recognized, however, that departures
may be made there from, which are within the scope of the invention, and that obvious
modifications will occur to one skilled in the art upon reading this disclosure.
The specific methods and systems disclosed are considered to be illustrative
and not restrictive. Modifications that come within the meaning and range of equivalents of

30 the disclosed concepts, such as those that would readily occur to one skilled in the relevant

art, are intended to be included within the scope of the appended claims.
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The specific nmethods and systens disclosed are considered to be illustrative
and not restrictive. Mddifications that conme within the neaning and rgg@lﬁ w
equi val ents of 30 the disclosed concepts, such as those that would ¥ | 2406
occur to one skilled in the relevant art, are intended to be included

wi t hi n t héVhatopelanfedise appended clains. 17 - 9 JUN 2006 Wat is clained is:
1. A nethod for, deteym ning the presence of a s | e Wi thi.n an .

el ect rocheni call* cel fne@?ﬂf%fof g?‘ﬁ‘%”f“ﬁ‘@ 1ag prgsenge P?ggﬂPE/IFHBHE%PHegﬁﬁ?ﬁh&mE%] sai d
el ectr ochegl G@mprRldg thP stepgobsence of an external signal 5 applied to said

el ectrochem cal cell”, producing a potential difference within said

el ect rocheni calapplirg said $emytle appidelagrachemiest erllnalthsalpnade afantemeernal signal
el ect rgchem’ cal cell; and noni toii ng said potential difference. 10 2. The
met hod” of 3BPHGoBaigfdetioghenical llect r ochemi cal cel | conprises two

el ectrodes and j, of ' -8:.0af ' L '
Pt ovi ding. a oi Gray o £biehodp uRAGIcERiE b Dick el irhc LT R G R Hph i an
wher ei n sak@nsil gigakl tprodeiedtraghsmitabeall; and deposi ted asymetrically on said
el ectrodes. 15 3. The nethod of claim 2 wherein the step of applying said
sanpl e to the JagMtoripgspidmotandal ¢HFeRet|1 conprises contacting said signal
produci ng systemw th said sanple wherein an electrochem cal reaction is
created within said el ectrochem cal cell. 4. The method of claim 3 wherein
sai d edectrochem calTheahdthedopelhises whezin £0d eleatedcshetisl asltic@nprikes bgaal
produci ng system caonprises an enzyne conponent and a nedi at or conponent,
wher ei n s &legiredesangais sip el pgdusings patentsl ddfersnee spmensssippPYideg asignal st eps
of : depositing. sal i r i t el I -SAaj :

ol et r ododr iR e R G Bl s cETARIHTEAE s A o B AP e s
Wi t hi n saiddpesitep) aeymidbirichi®y en faidckuipsdeance is rel eased from said signal
produci ng systemin concentration sufficient to generate a potenti al

di fference between el ectrodes wi thout application of an external potential

Sourcgs 5. A mat hod xfh%rmérgww 4 ? Wﬂefeﬂ{‘ﬁg Eﬁc@ﬁf%@@yﬁfg A AN ianotaid

sanple that is 30 applied to an electroc conprising t%e st eps
of : det er mienirncheintieal pek sempasafcoatastirgdaad sigidbiproduaing sehtest witle kedsaaplecel |
according to Clainms 1 to 4; determining a sanple detection time by noting
when sai d vggfeézhpp slectoghegyieal geaction is created within said electrochemical cell.

4. The method of claim 3 wherein said electrochemical cell comprises two
20  electrodes and said signal producing system comprises an enzyme component and a
mediator component, wherein said step of producing a potential difference comprises the
steps of:
depositing said signal producing system asymmetrically on said electrodes;
dissolving said enzyme component and said mediator component within said sample
25  wherein a substance is released from said signal producing system in concentration sufficient
to generate a potential difference between electrodes without application of an external

potential source.

5. A method for measuring the concentration of an analyte of a sample that is
30  applied to an electrochemical cell, compnising the steps of:
determining the presence of a sample within said electrochemical cell according to
Claims 1 to 4,
determining a sample detection time by noting when said potential difference

increases above a predetermined threshold voltage;
18



i ncreases above a predeterm ned threshold voltage; 18 - 9 JUN 2006 apgl%hﬂg
a predetermned test voltage to said el ectrochem cal cell; neasurin§~%N 0
el ectrical response to said applied predeterm ned test voltage at a
predeterm ned tine after applying said predeterm ned test voltage; and

cal cul ating sajanal peAc€ARRED Al oRRe S L8 chaldmasHIed, ol ectrical
response. 5 6. nmet hod for neasuring the concentration of an analyte of a
sanpl e, conpnhaisngng keelstieps! refponpe aviatd sppliad peldecrmoskdanit valtageed! la
conprising a signal _producing.systens conprisin an enzyme conponent

sel ect ed Presletarmdnad; tHge #ierRPERIRE %ﬁ!ﬁpsﬁﬁ@ieame%sgwtqgsa @1%Dxi di zabl e 10
medi at or conpan Sel egt or.r 1ng wth i -C qnent ;

moni tor i ng- 1 e 2paunEgR ilonk SRR P dells e Re IR IRBREY

appl ygkng said sanple to said el ectrochem cal cell wherein said analyte
causes said enzyne conponent and sai d reduci bl e/ oxi di zabl e nedi at or
conponent to dissolAmetnd for hersinn gribt easentzatoxi ofianedaAlyedoiceshimyseli at or
conmponent; 15 ﬂeterniniqg a sanple detection time by noting when said

pot ent i alCORPFRFREMCEePSN s bel ow a predeterni ned threshol d vol t age:

applying a pr %q&tiGirn%‘;[aﬂ%ﬂtckr‘ééﬁen‘ﬁ%ltéﬂ%oh?gﬁgggls?ég%?g{ogggﬁgrsﬁﬁémg@J)Jln'risin

nmeasuring the “curre in response to sa ned test v%ltage
at a prafeheymt oedpicnesadddel foappicyhnyithabd dpplydedrel medecibiedsiidieatle age; and
20 cal culating said anal¥te concentratjon using said neasured current. 19
10 mediator component selected for reacting with said enzyme component;
monitoring the pofentia] difference across the electrochemical cell; -
- - applying said sample to said electrochemical cell wherein said analyte causes said
enzyme component and said reducible/oxidizable mediztor component to dissolve and
thereby release a oxidized/reduced mediator component,
15 determining a sample detection time by noting when said potential difference falls
bejow a predeternuned threshold voltage;
applying a predetermined test voltage to said electrochemical cell;
measuring the current in response to said applied predetermined test voltage at a

predetermined time after applying said predetermined test voltage; and

20 calculating said analyte concentration using said measured current.
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